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Abstract: Collaboration is a key factorthatencourages an efficient running of industrial processes. The
measurement of the collaboration performance is necessary to allow experience capitalization and reuse
in order to support decision making about efficient collaborations in future processes. This article
describes a proposition of collaboration and performance evaluation methodology in industrial processes
for experience capitalization. For this purpose, a collaboration modelis introduced in order to develop an
evaluationmethodology. Finally, a case study applied to the aeronautical domain is presented to illustrate

the methodology and validate the proposals.

Keywords: Collaboration, Performance Assessment, Experience Feedback Processes, Knowledge

Management.

1. INTRODUCTION

Collaboration is the cooperative effort between two or more
entities striving towards a common goal, as stated in Durugbo
etal. (2011). Therise ofoutsourcingis a strong characteristic
of current industry and collaboration plays a key role in the
achievement of industrial processes. Moreover, industrial
processes are composed of different activities and each
participant has specific characteristics to contribute to these
activities. For this purpose, participants must work together
based on durable relationships and strong commitments to
reach a common goal with the aim of pooling expertise and
standardizing tasks, Durugbo et al. (2011).

In order to ensure performance in industrial processes, the
use of past experiences and knowledge capitalizationis a key
aspect, Bergmann (2002). Consequently, experience and
knowledge management applied in collaboration process
creates value in inter-organizational activities, To and Ko
(2016). However, there is a lack ofmethods and tools which
permit to formalize experiences of collaboration for future

reuse and to properly evaluate themwith a collaboration and
performance point of view.

Therefore, the aimofthis paper is to propose a method that
permits to build and capitalize experiences of collaboration
relating to industrial processes realization. Each experience is
evaluated with regard to the process performances as well as
the collaboration performances with a reuse perspective. In
orderto be able to reuse past experiences, it is necessary to
characterize every experience by means of indicators which
reflect: i) the quality ofthe collaboration between the actors

who performthe activities, ii) the quality ofthe collaboration
between the different companies involved into the process

realization, iii) the performances of the process considering
the requirements satisfaction.

The remainder ofthe paperis organized as follows: section 2
provides a panel of works about the evaluation of
collaboration in industry and the knowledge management in
collaborativeprocesses. Section 3 presents the elements and
the structure of a collaboration experience. Section 4
introduces the concepts that can be used to evaluate the
collaboration and the performance corresponding to the
execution of a process. Section 5 develops an illustrative
application in order to validate the proposed model. Finally,

the conclusion and theperspectives ofthis work are presented
in the last section.

2. RELATED WORKS

In this section, two general approaches thatcontribute to our
proposalare presented. On the one hand, the collaboration
framework in collaborativesystems is presented. On the other
hand, experience management main formalisms for
representing knowledge that can be used in our work are
presented.

2.1 Collaboration framework in collaborative systems

Fuks et al. (2005) propose a framework for classifying
collaborative systems (Fig. 1). This model supports
collaborationanalysis and it is based on the inter and intra-

relationships between three dimensions: coordination,
cooperation and communication.
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Fig. 1. 3Cs adapted from Fuks et al. (2005)

Durugbo et al. (2011) propose a mathematical model that
allows to analyze how individuals in organizations work
together. They propose three quantitative indicators (team-
work scale, decision-making scale and coordination scale)
based on the process network structure. These indicators
characterize collaboration from the perspective of
information structure in organizations. However, this model
focuses solely oninformation flow and it does not consider
the quality of collaboration during teamwork nor the
performance ofthe process. On the otherhand, Egghe (1991)
propose two collaborative measures based on variables that
allow characterizing the participation of authors to one or
several articles. Just like in the aforementioned article, the

quality of collaboration and process performance are not
taken into account in these measures.

2.2 Experience management

Experience Management (EM) consists of collecting,
modeling, storing, evaluating and updating the experience for
future reuse, Bergmann (2002). EM allows making betteruse
of experiences during an industrial process. Organizational
knowledge and its management are critical for organizational
success and competitive advantage. Therefore, experience
can be seen as a specialization of knowledge, Sun and Finnie
(2005). A previous experience, which has been captured and
learned in a way that it can be reused for the solving of future
problems, is referred to a past case, Jedlitschka et al. (2002).
Experience management considers collaboration as a driver
in an industrial process. Nevertheless, it is necessary that
enterprises recognize people as the centerpiece for new
knowledge exploration in management, To and Ko (2016).

Existing collaboration models do not propose an inter-
organizational process evaluation method based on the
contributions ofthe actors who participated throughout the
process. In addition, the capitalization of experiences of
collaboration for future reuseis not proposed in thesemodels.
Thus, the aim of this article is to propose a model of an
experience of collaboration in orderto capitalize experiences
for future reuse. The proposed experience model has to
represent the performance ofthe process conjointly with the
performance of the collaboration itself. Furthermore, the

experience must characterize the collaboration performance
at the enterprise level as well as at the actor’s level.

3. COLLABORATION MODEL FOR EM

In orderto obtain an accurate evaluation of collaboration, an
evaluation model must be established. We proposed in
Meléndez et al. (2018) a collaboration model that allows
standardizing the experience capitalization. This model

facilitates the calculation of indicators in terms of
collaboration and performance process fromthe perspective
of'the client’s acceptance.

Activity —> Activity —> Activity —> Activity
6

Experience

(apitalization qesssesess m

Experience reuse

Fig. 2 Experience feedback process, Meléndezet al. (2018)

Fig. 2 shows the overall experience feedback process. It
allows to capitalize experiences of collaboration during
industrial processes realizations and to reuse themto define
future collaborations. Fig.3 shows the experience model first
proposed in Meléndez et al. (2018). It is a UML model
composed of six types of entities (Enterprise, Contract,
Commitment, Requirement, Activity and Actor) and seven
types ofrelations between them (involves, includes, requires,
contributes to, takes part in, interacts with and employs).

employs involves
-Years of service Enterprise -Duration Contract
‘ -Name -Type ofiwuhlmnt -Start date
-Foundation date " : | -Duedate
1. Type of organization 2. [ Type of contract
1
takespatin
1% -Effort hours
Actor - Information access Activity ‘ contributesto ‘ 1
- Cost per hour -id T
:[‘;T;ame ~Type of participation || (ot mimitment
A 3 -Duration " -| “Deadline
-Cost perhour —— " K 1.*| -Type of commitment
-Competences | '~ 1.*| -Total effort. ]
-Department -Type of adtivity requires 1.*
Ti - Competences -
interadswith Requirement
-Duration -Acceptance ]
- Type ofinteraction | -Type ofrequirement |

Fig. 3 Collaboration Model, Meléndezet al. (2018)

The collaboration experience building is based on this
generic model. Every time an industrial process is realized,
an instance of this collaboration model is created. It
constitutes an experience which is stored into an experience
base. Some attributes values are selected in a taxonomy. That
permits: to standardize experiences and to facilitates the
future retrieval of collaboration experiences from the
experience base. The structure of the collaboration
experience allows modeling the interactions of the actors in
orderto askthemtheir perception of collaboration throughout
the activities of the process. On the other hand, the
companies haveto evaluate their satisfaction with respect to
the satisfaction ofthe requirements which are gathered in the
commitments. In the next section, the methodology which
permits to evaluatethe different performance indicators of an
experience is described. In the rest of the paper, experiences
are named “collaboration experiences”.



4. COLLABORATION EXPERIENCE EVALUATION

In this section, the evaluation of experiences by means of
collaboration and performance indicators is presented.

4.1 Evaluation of a collaboration experience

The evaluation ofa collaboration experienceis based on two
parts: collaboration and overall performance. In order to
evaluate them, a graph model is used (Fig. 4). It permits to
represent theinteractions between all the entities within the
experience. Forinstance, in Fig. 4, three actors (a;, a,, a;) are
collaborating for the execution of two activities (A, A,).
They contribute to satisfying a commitment Comy; (two
requirements: ry, 1) recorded in a contract C,. The contract
C, providesthat E; and E, have to collaborate toreach Com;.
The actors a; and a, are employed by the enterprise E; and a;
is employed by E,.

Enterprise E; Contract G

Commitment Com,

| Activity A, |

Enterprise E, [¢—

Requirementry
Requirementr,

A

Fig. 4 Graph modelof a collaboration experience

The experience evaluation is performed through the matrix
representations of this graph (Fig. 4). Regarding the
evaluationof collaboration, the elements to take intoaccount
are actors, activities and enterprises. On the other hand, the
elements necessary to calculate the performance are the
requirements, the commitments, the contracts and the
enterprises.

4.2 Evaluation of collaboration

The collaboration is evaluated following three criteria:
communication, coordination and cooperation, Fuks et al.
(2005). The first step is the construction of matrices where
the actors evaluate the performances ofthe other actors when
they are collaborating with regard to each criterion. A matrix
As;is built foreach activity A;and foreach criterion. In order
to simplify, each actorcangive a globalnote (between 0 and
1) for each criterion (communication, coordination and
cooperation) for the whole set of activities. The value 1
means that the actor gives the best rating for the criterion.
This rating is affected by the whole set of activities that
constitute the industrial process. However, if an actor
considers thatsome activities require a specific rating, she/he
can evaluatethemindependently. The value O means that the
rating is the lowest possible (negative evaluation) or that the
actors have not collaborated with theactor. In the rest of the
paper, the examples of matrices are given only for one

collaboration criterion. Then, an adjacency matrix between
actors for each activity Ai has to be defined (matrix B;). A
matrix B; identifies which actor collaborated with the other
actors for the activity A;. The Hadamard product (As; @ B;)
permits to obtain the matrix C; for each activity A; (and for
each criterion). The matrix C; shows (for a criterion) the
evaluation given by the actors who actually collaborated for
each activity A; (Fig. 5). It must be calculated for each
criterion.

Hadamard product 8571=05
AZ a'\‘al‘ajl AZ a;‘az‘a,‘ AZ a‘laz‘a ‘
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@
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0
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Fig. 5 Evaluations givenby actors to other actors for
activities A, and A, (fora collaboration criterion)

The next step is to calculate the overall evaluation
considering thatactors participated only to certain activities.
The matrix C; is multiplied by the participation matrix of
each activity (matrix D;: value 1 if an actor participates tothe
activity; 0 otherwise). The matrix D; shows which actors
participatedin the activity A;. The result is the matrix E; that
shows the overall group score given by each actor (for one
collaboration criterion) for the activity A;. Finally, the matrix
F is built by joining the matrices of each activity (Fig. 6). It
represents theevaluations given by the group ofactors to the
whole process (for one collaboration criterion).

A, La 3, a,| lA,
E A, a1‘az a 3| A, 3, A, A [A;
3,|a (01050 x EAERE u,s‘ a, (0,5/0,0
;|3 (1|00 3 a; | 1 33) 3, 1,0 a,(1,0/0,5

a,l0/0/0 a,|0 3, 00] |3, ]00[L0
MATRIXC, MATRIXD,

o

&
_.n}

MATRIXE; MATRIXF

Fig. 6 Evaluation by the actors ofthe process

In orderto obtain H, the evaluation matrix with the point of
view of the enterprises, the matrix F is multiplied by G, the
adjacency matrix enterprises/actors (matrix G: value 1 if an
actoris employed by an enterprise; 0 otherwise). The matrix
H (Fig. 7) shows the evaluation of collaboration (for one
criterion) given by the actors employed by the enterprises for
each activity ofthe industrial process. For example, for one
collaboration criterion, the rating given by the actors of E; for
collaboration in A; is 1.5.

33,3 Al A, A,
E1]1]0 9| 21105/00]mm 1,501,
B[ 010 ] 1]%[a,]1,0005]™ €, [no]1,0

ay [0,0/1,0

MATRIXG MATRIXF MATRIXH

Fig. 7 Evaluation of collaboration by enterprises and
activities (for one collaboration criterion)

Then, the adjacency matrix J (Fig. 8) between enterprises and
activities (activity A is performed by two actors of E; and A,



by one actor of E; and one of E,) is defined, it is obtained
from the multiplication ofthe adjacent matrix between A - a;
(matrix I) and the transpose of Matrix G. This allows
obtaining the global collaboration evaluation between
enterprises (Fig. 9) by multiplying H and J (matrix K).

a, |2, |a E|E, E|E,
ALt [0 0 gfai| 1] 0 mm[A]2]0
-_—
Aol 1]% a1 ] MEE
a0
MATRIXI MATRIXG" MATRIXJ

Fig. 8 Adjacency matrix between enterprises and activities

AilA, Ei|E E |E;
EJ1S[15] g [A] 2 0] _[E fas]is
E, 0,001,0 A 11| ==E 10010
MATRIXH MATRIXJ MATRIXK

Fig. 9 Evaluation of collaboration between enterprises

In this example, the value 4.5 of cell K;; is the overall
collaboration evaluation given by theactors of E,; to the other
actors of E, for one criterion. The value 1.5 of cell K;, is the

overall collaboration evaluation given by the actors of E; to
the actors of E, for one criterion.

4.3 Evaluation of performance

The process performanceis calculated with therequirement’s
client acceptance level for each commitment. The
requirements are evaluated on a scale from zero to one (low
level to high level of acceptance). The matrix N; represents
the relationships between the requirements and the
enterprises. For each commitment, it is obtained by
multiplying the adjacency matrix contracts/commitments
(matrix L) by the adjacency matrix
commitments/requirements (matrix M;) (Fig. 10).

Com,| | ry Com, | 1,
G | |com, i GlOr|r| mel GlComir|r
6] 1 (o1 ] ™ G [1]1
MATRIXL; MATRIXM, MATRIXN;

Fig. 10 Matrix contracts/requirements for each commitment

It allows calculating the matrix P; which is obtained by
multiplying the adjacency matrix enterprises/commitments O;
and the matrix N; (Fig. 11).

Com,| Com,r [T, Comy| r, rzl
Ei| |Comi| 9| c,|Comyry|ry — E, |Com, 1y |1,
E

EE| 1 G |11 | B | 1]1]
E| 1 E, (11
MATRIXO; MATRIXN, MATRIXP;

Fig. 11 Matrix enterprises/requirements for each commitment

The matrix P; allows to identify which enterprise must
evaluate whichrequirement for each commitment Com;. The
matrix Q; is built with the evaluations given by enterprises
(Fig. 12). The Hadamard product ((P; ® Q;)) ensures that the
evaluations are only given by the enterprises participating in

the contract, for each commitment Com;. Forinstance, in Fig.
12, E; has givena mediumevaluation (0.5) to the satis faction
of r; in the commitment Com,. The next step is to calculate
the process performance between enterprises for each
commitment (matrix W;). In Fig. 13, the transposed matrix
M; is multiplied by the matrix R; in order to obtain the
evaluation performance matrix enterprise/ commitment
(matrix S;). The matrix S; is multiplied by the adjacency
matrix commitment/contract (matrix T;) in orderto obtainthe
matrix enterprise/contract (matrix U;). The matrix U; is
multiplied by the adjacency matrixcontract/enterprise (V;) in
order to obtain the evaluation performance matrix
enterprise/enterprise for each commitment Com; (matrix W;).

Comir, |1, | com) 1, |1, | comJr.| .|

E) Comyfr,|T, E\Comyry |1y | | EfComyr|ry

B E[1]1] ®e E Jos| 1] ™=E] E Jos|
Ex |11 E; 0907 E, 10,90,7
MATRIX P; MATRIXQ; MATRIXR;

Fig. 12 Evaluation ofrequirements by enterprises for each
commitment Comy

A. Performance evaluation enterprise - commitment

com}——
ry |6 —{Com,
E Jos| 1 E |15
E, |09)0,7 E |16
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B. Performance evaluation enterprise - contract
Comzl_ CJ_ Com, C.
Com, C,| w Com, C,
E, X Comlal™ wm| E,
e B s Com,| 1 g LB s
2 2
E, | 16 —1 E |16
MATRIXS; MATRIXT, MATRIXU;
C. Performance evaluation enterprise- enterprise
..f] ComJF‘Fl Co fr[ \
Com, |C,| 3 [, Com, E, |E, — E, [Com|E, |,
B jis| — 1 G|11 gl B [15)15
2
B, 16 E> [1,6[1,6
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Fig. 13 Performance evaluation by the enterprises for each
commitment Com; (Matrix W)

Com, Ei | E;
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Fig. 14 Calculation of global performance

The overall performance matrixis obtained by adding all the
evaluation matrices for all the commitments (Fig. 14). Once
the collaboration and performance matrix between
organizations havebeen calculated, thenext stepis to shows
the indicators as relative values with regard to the best
possible values. The indicators are calculated by dividing the
final matrices of'the process execution (Fig. 15 - Part B) by
the final matrices of the best possible results (Fig. 15 - Part
A) for each collaboration criterion. The best possible results



are obtained when all the evaluations given by actors and

{ay; a; a;; a5} participate to Ay; {a;; a,; a3} participate to

enterprises take their maximum value (see the dashboard of Ay {ay; a;; a,; a5} participate to A; and {ay; a;} to A,.

Fig. 15). Fig. 16 shows an example ofthe relative dashboard
for an experience of collaboration.

r A. Best possible experience results ;
COOPERATION = COORDINATION ~ COMMUNICATION | ACCEPTANGE
E, |, E |E, E |E| | E | E,
E, [5,0[1,0 E,[5,0[1,0 E [5.0/10] | El2]2
E,|4,0(2,0 E,|4,0]2,0 E,[4,0[20] | E |22
|
|
COLLABORATION '~ PERFORMANCE
|
r B. Experience results ;
COOPERATION COORDINATION ~ COMMUNICATION | | ACCEPTANCE
E |E, E | E, E|E| | E |E,
E, [3,5]0,5 E, [3,5[0,5 E |45/15) E |15 2
E,[1,0]1,0 E,[1,0[1,0 E,[4,0[20] | E,l2]2
|
|
COLLABORATION I PERFORMANCE
|

Fig. 15 Collaboration and performance dashboard

Experience Dashboard
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Fig. 16 Experience dashboard

5. ILLUSTRATIVE APPLICATION

In this section, an illustrative application inspired by a real

industrial consulting process is presented in order to illustrate
the concepts presented above.

5.1 Graph definition

The industrial process is a standard process of consulting in
the domain of lean management. Fig. 17 shows the
experience graph ofthe process. Three companies E;, E, and
E; participated contractually (C;) in the execution of the
process with two objectives. The first one was to carry out an
action plan to reduce the lead-time ofthe industrial operation
by at least 10% (Comy). The second one was to provide a
time and motion study of the industrial process (Com,). For
Comy, two requirements were identified: calculation of ROI
(r;) and reduction of at least 10% of lead-time (r,). For the
commitment Com,, one requirement was identified: to
analyze the percentage of the Total Cycle Time that is a
function of Non-Value-Added operations (r3).

In orderto accomplishthe commitments, fouractivities were
defined: analysis ofhistorical process data and organization
(A1), process mapping (A,), definition of the Action Plan
(A;) and time and motion study (A4). Fig. 18 shows the
interactions between actors for each activity of the industrial
process. In this process, five actors participated as follows:

-/Sh\-

Fig. 17 Graph experience betweenthenodes "enterprises"
down to the nodes "activities"

Fig. 18 Actorinteractions in process activities

Finally, Fig. 19 shows the relations between actors and
enterprises. In this experience, actors a; and a, are employed
by E,, actors a; and a, are employed by E, and actor a5 is
employed by E;.

@G @) @) @)

Fig. 19 Connexion between actors and enterprises
5.2 Collaboration and performance evaluation

The experience graph allows to define the evaluation
matrices corresponding to this experienceof collaboration in
terms of collaboration and performance. The three criteria
communication, cooperation, coordination are used.
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COMMUNICATION COOPERATION COORDINATION

Fig. 20 Experience evaluationinputs of communication,
cooperation and coordination

The actors were asked about their perception of three
collaboration criteria (cooperation, coordination and
communication) throughout the process (Fig. 20). They
evaluated all the other actors.



Comy |ry|rpfrs| |Comy|ry|rafrs
E; |1,0]09](0,0 E; |0,0(00(0,7
E; |0,9]08(0,0 E; |0,0(00(1,0
E; |1,0]1,0(0,0 E; |0,0(00(1,0

Fig. 21 Evaluation ofrequirements acceptance foreach
commitment by the three enterprises

Furthermore, the acceptance givenby each company foreach
commitment was registered (Fig. 21). Taking into
consideration the experience graph and the evaluations of

acceptance and collaboration criteria, the experience
dashboard is calculated (Fig. 22).

COOPERATION COORDINATION

E, |E|E, E, | E, |
Eq|77% | 74% | 73% Ey| 82%| 79% | 80%
E, [75% [ 77% [ 79% E,| 77% [ 80% | 81%
Es [100%[100%[100%| | [E3|100%]100%|100%

COMMUNICATION ACCEPTANCE
E, [E, | E, E, | E | E
E, |64% | 63% | 62% E,|87%|87%| 87%
E,|76%|78%|75% E, | 90% | 90% | 90%
E3 [100%[100%[100% E3|97%|97%| 97%

Fig. 22 Dashboard ofindustrial casein aeronautical industry

The experience dashboard shows the evaluation of
cooperation, coordination and communication given by the
actors ofan enterprise to the actors of the other companies
with whom they interacted in the different activities. In

addition, the evaluation is also given for the actors of the
same company (intersections E|/E,;, E,/E, and E;/E;).

As shown in Fig. 22, the first row ofthe cooperation matrixis
the evaluation given by the actors of E; among themselves
and to the actors of E, and E;. This evaluationis measured on
a scale from 0% to 100%, with 100% indicating a high level
of perceived cooperation and 0% indicating a low level of
perceived cooperation. In the experience dashboard, the
results concerning the perceived cooperation by actors
employed by E, are 77% about themselves, 74% with regard
to the actors of E, and 73% with regard to the actors of E;.
The interpretation is the same for coordination and
communication results. As for the process performance, it
was calculated by evaluating each commitment’s
requirements provided by each company as shown in Fig. 21.
This evaluation is afterward measured on a scale from 0% to
100%, with a score of 100% representing total customer
satisfaction. In this case, El to E2 and E3 evaluate the same
requirements, this is dueto the graph structure with a single
contract. Evaluations between enterprises may be different if
the process involves two or more contracts. Finally, the
results in Fig. 22 can be used as a basis forrecommending or
nota future collaboration, e.g., ifthe score is less than 50%, a
future collaboration with similar characteristics is not
recommended.

6. CONCLUSION

Previous work has proposeda collaboration model based on
the execution of process activities where actors collaborate in
order to reach the process commitments, Meléndez et al.
(2018). In this article, a collaboration evaluation
methodology for experience capitalization has been proposed
to analyze the collaboration and the performancethroughout
an industrial process. This methodology evaluates the
experience  collaboration in  three  dimensions:
communication, cooperationand coordination. Furthermore,
the methodology includes the evaluation of acceptance
requirements in orderto calculate the process performance.
Finally, an experience dashboard is proposed in order to
formalize the experience results and capitalize them for later
reuse. An industrial case study involving the collaboration
evaluation methodology for a consulting process in
aeronautical sector was used to demonstrate how this
methodologycan beused to evaluate the collaboration and
performance of enterprises that participated in the process
execution. This work describes a framework for the
development ofa collaboration evaluation methodology for
experience capitalization in industrial process. Nevertheless,
more work needs to be done on the experience feedback
process. Froma set of collaboration experiences stored in the
experience base, it is necessary to define methods which will
permit to exploit them. Our goalis to propose tools that will
allow to define bestcollaborations between enterprises and
actors with regard to a set of new commitments to reach.
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