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1 INTRODUCTION

For the design and development of complex technical products, communication between staff who
work across functional and organizational boundaries plays an important role. However, the quality of
communication is hard to measure. One method to assess communication is the Communication Grid
Method (CGM) [1, 2]. The CGM is a maturity-based form of self-assessment to reflect on different
factors influencing communication in product development. The factors belong to manifold areas
influencing communication, such as the organizational structure, the company culture, teamwork,
different aspects of information transfer and availability as well as several aspects of product
representations. In a number of CGM-based studies, designers and managers from a number of
industry sectors gave insight into their communication situation by scoring the current state of 24
factors influencing communication. To do so, the participants chose between four maturity levels,
adapted from the learning types by Argyris & Schon [3], for each factor influencing communication.
This data were used in the presented study to explore interrelations between the different factors
describing communication. Within the correlations, a number of structural patterns were ascertained.

2 OBJECTIVES AND ANALYSIS PROCEDURE

Research in this paper was performed with two objectives in mind: Firstly, to explore singular linkages
between pairs of individual factors influencing communication, and, secondly, to elicit a network of
connections between the whole set of factors. Analysis is based on the premises that individual
linkages have to be judged in context and individual factors are not orthogonal to each other (i.e.
independent of each other).

To meet the objectives, scores from design engineers and managers on the current state of 24 factors
influencing communication were taken, deploying the CGM at five companies. Using Kendall's tau-b
rank correlation coefficient, a correlation analysis was performed with data from max. 38 participants
on all 24 different factors. The correlation matrix indicates relations between pairs of factors, also
called singular linkages in this paper. The complete correlation matrix was used as a basis for further
analyses, using Design Structure Matrix (DSM) techniques. In particular, clusters and cycles were
identified. Clusters represent a set of factors which are completely linked among each other. Based on
these clusters, groups of factors which offer a high concentration of linkages could be determined.
Cycles show that changing the current state of a certain factor might lead to further unexpected
changes on factors not directly linked with the originally changed factor.

3 ANALYSIS RESULTS OF COMMUNICATION DEPENDENCIES

The structure of a correlation matrix [4] as generated through the correlation analysis is similar to that
of a DSM. Techniques appropriate for DSM analysis and optimization [5] can be used to gain further
insight into results from the correlation analysis. To perform analyses in the context of a DSM, the
software tool Loomeo [6] was used.

However, the correlation matrix provides symmetric correlation coefficients for each pair of factors.
Thus, the Design Structure Matrix would be a symmetric, completely filled in matrix. Yet, in this
study, many of the correlation coefficients only represented weak linkages. In our DSM, only those
correlations characterized by a coefficient > ]0.40| (moderate and high correlations) that were
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statistically significant at a level of p < 0.05 were considered. This explains the rather sparse
population of the matrix.

To visualize clusters of factors that are completely linked among each other, the first step was to
switch the rows and, as the matrix is a DSM, simultaneously also the columns. Again, only
correlations with a coefficient value of > |0.40| were taken into consideration. Figure 1 shows one
example of restructuring the original correlation matrix. In this example, four clusters of factors that

are completely linked among each other are highlighted (clusters A to D).
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Figure 1. Clusters of factors which are completely linked among each other

By further restructuring the matrix, four more clusters in addition to clusters A to D were highlighted:
Cluster E: Collaboration; Autonomy of task execution; Overview of sequence of tasks in the
design process

Cluster F: Collaboration; Overview of sequence of tasks in the design process; Project reviews
Cluster G: Collaboration; Project reviews; Activity at interface with other party

Cluster H: Collaboration; Project reviews; Do you know which information the other party
needs

Taking the DSM in Figure 1 as the basis, the next step was to further assess those linkages that were
missing to create complete clusters (bearing in mind that the original correlations were not zero). That
way it was possible to illustrate that more factors than those involved at a correlation coefficient
>10.40| and a significance of p < 0.05 form a complete cluster. Nine factors among the 24 factors offer
a high concentration of linkages. These nine factors are mentioned in Figure 1 and range from
‘availability of information about product specifications’ to ‘overview of sequence of tasks in the
design process’. The result was cross-checked with the results of a hierarchical cluster analysis [4].
When matching the results, seven of the nine factors showing a high linking degree among each other
elicited through restructuring the DSM were also found to be closely linked as elicited through the
hierarchical cluster analysis.

Finally, the DSM was the basis to calculate cycles among the 24 factors influencing communication.
A cycle in this context is defined as a loop of linked factors. Overall, 203 cycles were identified,
incorporating 13 of the 24 factors. The factor ‘collaboration’ appeared most often in the cycles, being
part of 197 cycles. The linkage between ‘do you know which information the other party needs’ and
‘mutual trust’ was the most appearing linkage as it is part of 92 cycles. The cycles show that changing
a certain factor might not only change the factor directly linked but also cause unintended
propagations to factors not directly linked with the factor changed in the first instance.
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4 IMPLICATIONS

Design managers who are confronted with problems in their processes, naturally try to understand
where these problems originate from in order to find a solution. However, thinking through these
problems can be time-consuming and potentially difficult without a point of departure. Results in this
paper show that using the DSM to elicit patterns of connections between factors influencing
communication can be a starting point for reflection and action on a particular process. Furthermore,
increasing transparency into the network of connected factors impacting on communication in product
development can reduce uncertainty. A cluster of factors, for example, can alert engineers and
managers when changing one factor, to also pay attention to other directly linked factors. Looking at
Cluster A in Figure 1, for example, whilst trying to resolve technical conflicts, one could start by
making sure that data on product specifications is available and roles and responsibilities are clearly
defined. Cycles lead to the detection of indirect linkages and alert decision makers to another potential
propagation path of changes.

5 CONCLUSIONS AND FURTHER WORK

A DSM, populated by statistical correlations between factors influencing communication, sheds light
on communication dependencies in product development. The correlation analysis only described
singular linkages for the 24 selected factors influencing communication in product development. In
contrast, analyses using the DSM as a basis show that there is a particular structure to the 24 factors.
As the input for the DSM was a symmetric correlation matrix, the chains of cause and effect of the
linkages are not given. Thus, more information about the correlations has to be carried out to
determine which linkages are only unidirectional and which linkages are bidirectional. For some of the
linkages this next step was already carried out on the basis of an extensive literature research on
dependencies among the 24 selected factors influencing communication. Despite the limitation that the
chains of cause and effect were not considered, the results show that using the DSM is a viable and
valuable option to structure communication and thus to enhance understanding of pertinent
organizational issues in product development. Sensitivity of classifying the correlations as weak or
strong linkages remains to be considered. So far, the work has been carried out, using correlation
coefficients > |0.40] at a significance level of p < 0.05, as commonly done. Thus, the actual robustness
of the structural features can be confirmed.
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Introduction — communication in product development

« Communication between staff in product development plays an
important role for the design of complex products

» Communication in product development can be defined in manifold ways
« Communication is hard to measure

* > Based on data collected by applying the Communication
B \/ Grid Method, analyses using DSM techniques were

4t performed to shed light on communication

dependencies in product development
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Communication Grid Method (CGM)

* The ‘Communication Grid Method’ is a method to assess
communication in product development incorporating manifold factors

* Following structure shows the concept of deriving these factors

\’ :\; Different areas having influence on Subdivision of areas into

\/\/ communication in product development: detailed factors:

/‘/\ * Organisational structure )

A « Organisational culture Collaboration

| _ e Teamwork ». Common goals and objectives
7 @‘ . +  Reflection within team Team identity

/) ‘4 * Personal development =

4‘ *  Awareness [ ... about our company

"fp / * Information transmission/handling ... about competitors

;“/  Availability of information ... > ... about procedures

%\V * Media of communication ... about product specifications

(/ * Expression of the product L ... about new technologies

* Requirements
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Data collection using the Communication Grid Method (CGM)

* ‘Levels of maturity’ for communication factors (levels A to D)
* Levels A to D are ordinal scaled
* Current communication situation recorded by ‘Current scores’

N
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Data collection using the Communication Grid Method (CGM)

* Five application cases in
— aerospace industry
— automotive industry

N

— information technology industry

-

-

Seven or eight engineers or managers per application case (overall 38)

B

-
-

24 factors appearing in at least four of five application cases selected
for further analyses

B
MR
-

-

Rank-ordered data applicable for statistical data analyses

BN N\

Data for current communication situation used for further analyses on
communication dependencies in product development
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Web of linkages among factors influencing communication

Objectives:

+ Identifying singular linkages among couples of factors influencing
communication in product development

A * Understanding the network of factors influencing communication in
product development as a whole

‘\/,/
b\

2\ Procedure:

"@ ¢ . Calculatioq of Kendall's tag-b porrelgtion coefficients by using data
e, collected via the Communication Grid Method

4. " + Excluding correlations not statistically significant at a level of p < 0.05
\y“ «  Excluding correlations characterized by a coefficient <| 0.40 |

» Correlations characterized as follows were used for further analyses:

;‘/‘ - moderate low correlations (| 0.40| < correlation coefficient <| 0.50] )
?f,\% - moderate high correlations (| 0.50 | < correlation coefficient <| 0.60] )
4 « high correlations (| 0.60| < correlation coefficient <| 0.80| )
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Web of linkages among factors influencing communication

I Availability of
- Availability of . . .
I?:;::(si:]on information about E?rg?:itr:on/ N |nft())rmat|on Hierarchies
9 procedures 9 S about our
. . < company
) Generation of DQ you kngw which N Best
| innovative/alternative * = = ~ information the A practices
) ideas Mutual other party needs \
el trust . . |
\ 2 ) = Project reviews
//\\\ Handllqg of - - Lessons
‘/}_‘«-‘ technical ~~ Rol - g \ learned
| conflicts oles an . )
/\‘ responsibilities  Activity at Overview of
‘ . interface with sequence of
'6 \ other party tasks in the
7 \“ ‘\\_ - design process
/ ‘ Availability of Application of
\H /» information about Collaboration Autonomy of corporate vision
;/‘ product specifications Tt ==a task execution and values
' ‘ Availability of ~ Team identity |
{A Vi Usage of information T Bestuseofmy Common
“/ / procedures about capabilities goals and
"' d” competitors objectives
)
'Q moderate low moderate high high
3 —_——— | e e e e === ————————
17 correlations 10 correlations 3 correlations
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Analysis of web of linkages as a whole using DSM techniques
+ To meet the objective of understanding the network of factors as a

whole, DSM techniques were applied (using the software-tool Loomeo)
on the basis of the adapted correlation matrix

i * The correlation matrix is symmetric, i.e. the chains of cause and effect

/‘/\/ of the correlations cannot be deduced

7

@

" @ » All considered correlations show positive coefficients

i

/) 'ﬁ + Building clusters in the matrix shows sets of factors completely linked
) ’?’ among each other

‘ﬁ(lA v . .

;‘/‘* / + Cycles among the 24 considered factors show that changing the

%@d current state of a certain factor might lead to further unexpected

/, changes on factors not directly linked with the originally changed factor
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Analysis — Identifying clusters by rearranging correlation matrix

» Acluster is a set of factors completely linked among each other
Example: cluster consisting of four factors A, B, C and D:

factor A correlates with factor B n

factor B correlates with factor C A
factor C correlates with factor D L /jL\

P

N

factor D correlates with factor A

factor A correlates with factor C \
C /

factor B correlates with factor D

ST
- o

By shifting rows and columns of correlation matrix, ‘clusters’ are
visualized

AN RN

\\
=3

y

N
=

» Clusters indicate groups of factors highly dependent among each other

* Among the 24 factors, eight clusters were identified
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Analysis — Identified clusters A to D in correlation matrix

1 Availability of information about our company
2 Hierarchies
3 Decision making
4 Application of corporate vision and values
\ 5 Common goals and objectives
/.\\ 6 Availability of information about competitors
\ \ 7 Usage of procedures
\ \,/' 8 | Availability of information about product specifications
/i\ 9 Handling of technical conflicts
10 Roles and responsibilities
‘/ \ 11 Mutual trust
/\ 12 Collaboration
" d, 13 | Do you know which information the other party needs
\ B | 14 Autonomy of task execution
7’ ) ‘ 15 Project reviews
.7 16 | Overview of sequence of tasks in the design process
(' 4 17 Activity at interface with other party
\‘ 7 ' 18 Generation of innovative/alternative ideas
/ ‘ 19 Education/training
’ A 20 Availability of information about procedures
' 1(\ ) 21 Best use of my capabiliies R4
';,- \ |4 22 Team identity e / 1
\ ‘/’ 23 Lessons learned R4 / v 0.71
" ' d\‘ 24 Best practices R /[ 1
) Py oty F == = i
’f 1 Cluster A : Cluster B Cluster C 1 : Cluster D
\ ——————— B mmm mem mmm ol SssssssEEEEEEE
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Analysis — Further clusters and factors characterized by a high linking degree

* Restructuring the DSM further sheds light on four more clusters:

* Cluster E: Collaboration; Autonomy of task execution;
Overview of sequence of tasks in the design process

» Cluster F: Collaboration; Overview of sequence of tasks in the design process;

I Project reviews
3/\’ » Cluster G: Collaboration; Project reviews; Activity at interface with other party
A * Cluster H: Collaboration; Project reviews;
i/\ Do you know which information the other party needs
/’\@\ﬁ_ * Assessing those linkages that were missing to create complete clusters
Y 4 (bearing in mi.nd the _original correlations were not zero), yields nine factors
\ " that show a high linking degree among each other:
" i » Availability of information about » Do you know which information the
‘zﬁfﬁ\ y product specifications other party needs
b‘/ + Handling of technical conflicts * Autonomy of task execution
E\"‘ * Roles and responsibilities * Project reviews
’f *  Mutual trust +  Overview of sequence of tasks in the
+  Collaboration design process
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Analysis — The eight identified clusters in the web of linkages

I Availability of
. Availability of ; ) )
Dec:(spn information )aj\bout E?ugqtlon/ information Hierarchies
making procedures raining about our
‘ Generation of Do you know which company Best
A% innovative/alternative information the practices
\ ideas Mutual other party needs
\\ \\ trust Proiect
2 . rojec
y g by o Lsor
4 -
/\ conflicts Roles and Activity at
‘ responsibilities interface with Overview of sequence
‘6 other party of tasks in the design
7 \‘ ‘\ process
VAN Availability of
v ‘ information about i Application of
\H /» product Collaboration Autonomy _of corporate vision
;/“ specifications T task execution and values
' ‘ [ Availability of Team identity |
'{A V. Usageof _ information T Bestuseofmy Common
“‘/ / procedures about capabilities goals and
‘ ‘ d" competitors objectives

10 factors are part of clusters and are highlighted in bold
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Analysis — Identifying cycles in the web of linkages

* Acycle in this context is defined as a loop of correlating factors

‘ * The length of a cycle is defined as the number of factors being part of a
A cycle (the example shows a cycle with the length 6 in the web of the 24

considered factors) oo .
roject reviews

Cycles indicate change /\

‘\/,/
-

j/\ PrOpagatlonS in the web of Collaboration Overview of
'@‘ linkages / sequence of tasks
dv y in the design
4.4 + Changing the status of a I progess

X /" certain factor might notonly ' 2™ dentity /

'g ) / change the factor directly Autonomy of task
’} linked with the originally execution

"‘"’ changed factor, there might be

?,’,\Q further unintended changes on Best use of my

s’ ( factors, not directly with the capabilities

originally changed factor
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Analysis — Identifying cycles in the web

Overall 203 cycles detected
among the 24 considered factors
(distribution cycles per cycle
length see right figure)

13 of the 24 considered factors
are part of cycles

Most cycles occurring consist of
seven factors (cycle length 7)

Six ‘longest’ cycles consist of 11
factors (example see figure)

\ Mutual

trust

Handling of
technical
/ conflicts
Availability of
information about
product specifications

\ Roles and
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—__ Education/ /

/

@

cambridge
—

". Praduct Development

of linkages — Results and statistics
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3 A
3 30 / A\
S 20 4, \
2 _
E 10 ¢ \
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3 6 9 121518 21 24
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Project reviews _
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Analysis — Identifying cycles in the web

part of 92 cycles

execution: part of 86 cycles

part of 83 cycles

* Following five factors occur most
* Mutual trust (part of 171 cycles)

m Product Development

Collaboration (part of 197 cycles)

9th International DSM Conference 2007- 15

A(jc\

cambridge

”’ Product Development

of linkages — Results and statistics

Following five linkages occur most often in the 203 cycles:
Do you know which information the other party needs « Mutual trust:

Do you know which information the other party needs <« Autonomy of task

Mutual trust <~ Education/training: part of 85 cycles
Project reviews «— Education/training: part of 85 cycles
Project reviews < Overview of sequence of tasks in the design process:

often in the 203 cycles:

Project reviews (part of 157 cycles)
Do you know which information the other party needs (part of 146 cycles)
Autonomy of task execution (part of 125 cycles)
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Analysis — Identifying cycles in the web of linkages — Interpretation of cycles

Chains of cause and effect of the correlations cannot be deduced from
the symmetric correlation matrix

No final interpretation of the cycles can be drawn. Following cycle of a
length of 5, for example, could be interpreted in manifold ways, as the
cases 1 to 4 show

Arrow between factors shows possible chains of cause and effect

Case 1 Case 2

— Mutual trust \ «— Mutual trust \

Handling of Handling of
technical conflicts Education/ technical conflicts Education/
l training i training

Collaboration Collaboration

T Project reviews ———  Project reviews
Case 3 Case 4
«—— Mutual trust «— Mutual trust \
Handling of \ Handling of "
. . i i ore
technical conflicts Eduz':altion/ technical conflicts possibilities Edugqtion/
? training ¢ to interpret training
. . this cycle

Collaboration . Collaboration ied V4

T > Projectreviews s Project reviews
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Implications for collaborative design

For design managers thinking through problems in the design process
can be time-consuming and it can be difficult to find a point of departure

Results in this article show that using the DSM to elicit patterns of
connections between factors influencing communication can be a starting
point for reflection and action on a particular process

Results achieved by using DSM techniques increase transparency of the
network of connected factors influencing communication in product
development and thereby reduce uncertainty in design processes

Clusters of factors can alert engineers and managers when changing one
factor, to also pay attention to other directly linked factors

Cycles lead to the detection of indirect linkages and alert decision makers
to another potential propagation path of changes
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Conclusions

+ Data collected by applying the Communication Grid Method in five case
studies in automotive, aerospace and information technology industry
allowed a Kendall’s tau-b correlation analysis

P + The Kendall’s tau-b correlation matrix considering 24 factors influencing

1 communication in product development was used for further analyses

)i\’ using DSM techniques, shedding light on the web of correlating factors
4 as a whole

ﬁ ! * In particular, two DSM techniques were used:

'\@‘ + Identification of clusters: Analysing the different clusters shed light on a

7,,. 0 group of nine factors showing a high linking degree among each other.

é 'f Clusters show that changing the status of a certain factor might have impact

\/‘ on many other factors being part of the cluster. Reliability of results is

'(\ ) indicated by parallel performed ‘Hierarchical cluster analysis’.

’1 5\,/ + Identification of cycles: Cycles represent loops of correlating factors. 203

’ d cycles were detected among the 24 considered factors. ‘Mutual trust’,
‘collaboration’ and ‘project reviews’ occur frequently. Cycles show potential
change propagation paths.
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Future work

* Collecting more data in empirical case studies in order to allow
consideration of more than 24 factors influencing communication in
product development in the analyses

* Incorporating knowledge about existence and directions of correlations

\
/\i\/ (chains of cause and effect) into the analyses using DSM techniques.
,‘{ This can be achieved by an extensive literature research (already
| ’ performed for correlations characterized by coefficients = | 0.50] )
bad.
/ 4 * Including linkages in the DSM analyses generally supported by literature
\ " but not detected by performed correlation analyses

9‘ /
r‘; » Further information about chains of cause and effect of correlations can
,‘l‘ be used to interpret clusters and cycles in more detail
0
,f
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