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Abstract. Collaboration is one of the most commonly used strategies in the
business environment. Enterprises that collaborate need reliable and efficient
performance information. However, many collaborative enterprises fail to
implement a common performance measurement system in an adequate manner
due to the lack of sound mechanisms that connect all the elements within a
performance measurement system. The purpose of this paper is to provide a
methodology based on a multi-criteria decision method that aids to implement
the different elements that compose a performance measurement system for
collaborative networks. With this methodology enterprises have a tool to define
all the aspects involved in the performance measurement system and to
implement it. This approach has been applied to a collaborative enterprise
network belonging to the automotive sector.
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1 Introduction

Collaboration is one of the business models that enterprises adopt to remain
competitive. Companies collaborating share the responsibility of exchanging common
planning, management, execution, and performance measurement information [1]. In
addition, collaboration requires the commitment of human, financial or technical
resources to build and sustain a more competitive business model [2]. For that reason,
it is necessary to manage the evolution of the collaborative relationship by defining
performance measurement systems (PMS) that aid to collect the necessary
information in order to manage the activities of the collaborative association. In the
literature, there has been an increasing interest in the development of PMS for inter-
organizational contexts [3-6] and recently some PMS were developed for specific
collaborative contexts [7-9]. This is because, as collaborative relationships present
specific characteristics that need to be managed such as trust, commitment,
cooperation, etc. [10-11]. Then, PMS developed for inter-organizational contexts
should present specific characteristics to be useful for these contexts. One of this
characteristic is related to the need that the design and implementation phases of PMS
are coordinated in order to build them adequately. In this sense, decision makers
usually deal with other important issues such as the prioritization of performance
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objectives in order to know which the most strategic objectives are and, therefore, in
which aspects enterprises should be focused and allocate resources. Despite the
importance of these activities, the inter-organizational PMS developed in the literature
present some limitations for providing weights [12]. Then, PMS should incorporate
methods for solving these issues in order to get an adequate PMS design and
implementation.

In order to prioritize objectives, it is useful to define weights for the different
objectives which can be stated as a multi-criteria problem involving different actors.
In the same vein, structuring and consolidating data may also be solved as a multi-
criteria problem. Therefore, multi-criteria methods can contribute to the elaboration
and establishment of the performance measurement systems. The main goal of this
paper is to propose a novel methodology to design and implement PMS in
collaborative networks by using a multi-criteria decision-making approach. With this
methodology, enterprises will have a tool that describes the steps to be followed by all
the collaborating enterprises in order to define, reach agreement and manage the
evolution of the collaborative enterprise network. Then, this methodology is
developed to manage the performance of the association of enterprises instead of the
individual enterprises. Evolution is managed by analyzing the performance reached
by the whole association at the different periods and deriving, defining and
implementing actions plans when performance is not achieved.

The structure of this paper is as follows. First, a literature review of inter-
organizational PMS and multi-criteria decision analysis methods are presented
focusing attention on the Analytic Hierarchy Process (AHP) method. Then, the
methodology proposed to implement performance measurement systems is presented.
Next, a case study of a collaborative enterprise network belonging to the automotive
sector is described. Finally, conclusions are exposed.

2 Literature Review

Collaborative enterprise networks involve that different partners are working together
for mutual benefits. Therefore, the definition of PMS for managing its activity is a
task that has to be made by all the collaborative partners. There are several PMS
developed in the literature for inter-organizational contexts such as the works [3-9].
These PMS are useful structures for defining and structuring performance
measurement information from the strategic level to the process level by deploying
linkages among the performance elements. However, they lack of mechanisms to
prioritize the performance measurement elements data so that performance can be
analyzed under an assessment making preference to those aspects that are more
relevant for the sustainability of the collaborative enterprise network.

On the other side, there are many multi-criteria methods. In fact, multi-criteria
methods are classified into two groups [13]: Multiple Objective Decision Methods
(MODM) and Multiple Attribute Decision Methods (MADM). The main difference
between both methods is that in MODM, decision makers need to reach multiple
objectives that are in conflict of interest and the number of alternatives is elevated.
However, MADM problems focus on obtaining a preference ranking on the
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alternatives characterized by multiple attributes that are in conflict and the number of
alternatives is limited. In our problem, the number of performance objectives is
limited and discrete so that MADM techniques are to be used. There are several
MADM methods such as Multiple Attribute Utility Theory, (MAUT) [14], ELECTRE
(ELimination Et Choix Traduisant la REalité) [15], PROMETHEE (Preference
Ranking Organization METhod for Enrichment Evaluations) [16] and the Analytic
Hierarchy Process, AHP [17].

AHP aims at integrating different measures into a single assessment for ranking
decision alternatives which is the case of our problem. Also, ranking of objectives
involves both tangible and intangible aspects and AHP deals with both types of
aspects. This is because overall assessment should not only consider quantitative
performance data but also some other criteria that are critical for successful
parnerships and are not directly quantifiable, e.g. trust and commitment [18]. In
addition, AHP has been used for many applications involving performance
measurement criteria such as selecting a supplier [19-21], selecting performance
indicators for supply chain management [22], evaluating performance of IT
department in the manufacturing industry in Taiwan [23], and selecting ERP systems
in textile industry [24]. However, there is not an application of AHP for supporting
PMS design and implementation within inter-organizational contexts. For this reason,
the purpose of the remaining of this paper is to present a methodology that uses AHP
method to support the prioritization of the objectives within a PMS and the
composition of an assessment for the whole collaborative network that fills this
research gap.

3 The Proposed Methodology to Support the Implementation of
PMS in Collaborative Contexts

In [19], the COL-PMS framework for managing performance within collaborative
contexts is presented. The COL-PMS framework integrates the social side of
collaboration within an integrated and solid PMS structure. The main purpose of this
PMS is to support the decision-making process of the enterprises and entities that
collaborate. For that reason, it is necessary that the PMS considers two levels: inter-
organizational level (where collaboration takes place) and individual enterprise level.
Fig. 1 shows the phases of the methodology proposed to implement the COL-PMS
framework by using AHP which is composed of seven phases. In the phase 1, the
performance elements of the PMS are defined. In this work, the PMS structure used is
the COL-PMS but other PMS structures may be used. Then, the AHP method is
applied to build a model (phase 2). The AHP method structures the decision problem
in a hierarchy of levels. These levels are linked by unidirectional dependence
relationships. In the upper level of the hierarchy, it is defined the ultimate goal of the
decision problem. Then, the criteria that contribute to achieve the goal stand in the
second level. In the next levels, intermediate sub-criteria and attributes that compose
the hierarchical structure are located. Finally, in the last level, the decision
alternatives are established. Using levels allows decision makers to focus on a small
set of decisions [17]. The AHP method provides relative weights to each element
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within a level depending on its contribution to an element linked to it that is located
on the immediate upper level. In our case, as we use the AHP model to obtain the
weights of the performance objectives, we will have three levels (see Fig. 2): PMS
vision (main goal), perspectives (criteria) and, finally, performance objectives
(alternatives).

Phase 1. Define performance elements of the PMS

Phase 2. Build the AHP model

Phase 3. Make pairwise comparisons

Phase 4. Obtain final weights

Phase 5. Perform sensitive analysis

Phase 6. Collect KPIs data

Phase 7. Obtain performance assessment

Fig. 1. Methodology for implementing a PMS by using AHP

PMS

1 + 1 1 +

Financial Customer Process Innovation & Collaboration
perspective perspective perspective learning perspective perspective
FPO1 CPO1 PPO1 ILO1 co1
FPO2 CPO2 PPO2 ILO2 co2
FPO3 CPO3 PPO3 ILO3 cos
Fig. 2. AHP model

Once the model is built, it is needed to make pairwise comparisons in each level
using the fundamental scale of Saaty [17], in order to obtain the pairwise comparison
matrices (phase 3). After pairwise comparisons matrices are completed, the local
priorities of the compared elements (priority vector) are calculated and consistency of
judgements checked following the procedure described in [17]. Once all priority
vectors are obtained and consistency verified, the final weights for the alternatives are
calculated (phase 4). For that purpose, priorities of decision alternatives are combined
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together with the sets of priorities of the criteria. Then, in phase 5, it is performed a
sensitive analysis to check how changes in the local weights of one of the criteria or
alternatives affect the final priorities previously obtained. The purpose of this phase is
to verify that the solution obtained as the preferred alternative is robust enough. In
case that the solution is not robust, it is needed to go back into the phase 3 to analyze
the pairwise comparison matrices defined. In phase 6, the data regarding the
performance indicators is collected. Finally, phase 7, it is obtained the overall
performance evaluation by multiplying the priority of every performance objective
(given by the normalized priority) and the value reached in its corresponding
performance indicator.

4 Case Study

The methodology has been applied to a collaborative enterprise network belonging to
the automotive industry in Spain which is composed raw material suppliers, design
centres and manufacturing plants (of a plastic injection-moulding leading group)
working for main OEMs. Due to the success of a new product launched, and the new
market needs regarding this new product, the corporation pursued to change the
policy and orientation towards collaborative working in order to agree the terms,
commitment, money investments and resource and information sharing. One of the
components of this product is critical as the technology and know-how required to
design it and manufacture it is not a core capability of the manufacturer therefore
collaborative working seem reasonable.

The first phase of the methodology consists of the definition of the PMS elements.
Managing directors of the different enterprises assessed were in charge of the decision
making of the different phases of the methodology. It took several meetings to reach
an agreement on the strategic aspects of the relationship as the enterprises come with
different backgrounds and understand in a different way the main components for the
business vision. Once the global performance elements were defined, the different
enterprises performed some adjustments into their performance indicators at the local
level to accommodate all the relevant performance information coherently. Table 1
shows the performance elements (objectives and KPIs) defined for the collaborative
enterprise network level. It consists of fourteen objectives and KPIs (divided into the
five performance perspectives) which seems a reasonable number. These KPIs have
been defined by the enterprises based on the objectives that they want to reach. It took
two meetings to define these KPIs.

In the phase 3, in order to fill in the pairwise comparison matrices it was necessary
to establish an initial meeting for explaining the AHP method. As this phase involves
decision makers of all the enterprises, several possibilities can be used to obtain a
final solution such as voting, aggregation methods on individual preferences or
reaching consensus [17]. The companies agreed to use the aggregation on individual
preferences if the initial judgement was equal or similar for all of them. However, if
there was a large difference of judgement, this point needed to be dealt with in
meetings for reaching consensus or a closer point of view. In order to reach
consensus, the managing directors discuss the preferences until a better understanding
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is achieved. Therefore, a combined solution was applied in order to get an
approximate common view of the problem. Then, enterprises meet several times in
order to fill in the pairwise comparison matrices. In other cases, if consensus is not

reached, other methods can be used such as voting.

Table 1. Performance elements of the collaborative enterprise network.

Perspect. Objectives KPIs
Financial  FOI Increase sales KPI1 = sales (monthly)
FO2 Increase high quality product KPI2 = average of high quality products
margins margin variation (monthly)
Customer  CPO1 Increase market share KPI3 = market share variation
(quarterly)

CPO?2 Increase customer loyalty KPI4 = number of old customer
purchases/ total purchases (quarterly)

CPO3 Increase customer satisfaction KPI5 = number of claims/complaints
(weekly)

Process PO1 Decrease production lead time KPI6 = production lead time variation

PO2 Decrease new product (monthly)

development lead time KPI7 = new product development lead
time variation (per project)

PO3 Implement initiatives for KPI8 = number of performance

production performance improvement improvement initiatives implemented
(semester)

PO4 Decrease non-conforming parts KPI9 = number of non-conformance
parts send to customer (weekly) (by
customer)

Learning LGOI Increase innovation capability =~ KPI10 = Number of innovative
& Growth products proposed (annual)

LGO2 Improve engineering KPI11 = number of common

knowledge engineering development training
sessions performed (semester)

Collabo- CO1 Increase commitment KPI12 = Number of agreements failed
ration (monthly)

CO2 Increase coordination

CO3 Maintain equity

KPI13 = number of times that
information is sent delayed (monthly)
KPI14 = meetings to discuss perception
of equity after agreement (quarterly)

In the phase 4, the weights of the objectives are obtained. Results showed that the

most important objectives representing more than 70% of the total weight were: FO1
Increase sales (with normalized weight of 0,16), CPO1 Increase market share (0,12),
FO2 Increase high quality product margins (0,11), CPO3 Increase customer
satisfaction (0.09), PO4 Decrease non-conforming parts (0,09), LGO1 Increase
innovation capability (0.08) and CO3 Maintain equity (0,08). It can be observed that
the relevant objectives belong to all the performance perspectives but the importance
of the perspectives differ, being the financial perspective the most relevant followed
by the customer perspective. It is to be noted that the objective CO3 Maintain equity
reaches a weight of 0,08. This fact notes the importance of social climate aspects for
sustaining collaboration in the long time.
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In the last phase it is obtained the final results. The analysis showed that
performance was mainly achieved by some of the most relevant objectives (those
objectives with highest weight). However, financial objectives were not accomplished
in the desired level (accomplished around 20%) and decision makers have to reassess
what is expected in current market conditions. Another objective that is not achieved
is the decreasing of non-conforming parts (accomplished around 50%). For those
objectives that have not reached the expected results, actions plans are to be
developed which allows reassessing the current targets or reaching them properly. It
has to be noted that performance achievement was only reached at the 60% what was
under the initial expectations (70%). However, results showed that performance
measurement implementation has provided performance knowledge to the
collaborative network as well as a tool for monitoring performance from now on.

From an information systems point of view, it has to be said that a web-based tool
is being built in order to make possible to implement the system. Some of the next
steps involve completing the tool and testing it, training further the people that are
going to use it, move the data into the application and feed the system with updated
data in order to analyze how the performance of the collaborative enterprise network
evolves.

5 Conclusions

The literature counts with inter-organizational PMS that are useful structures for
defining performance measurement systems. However, they lack of mechanism to
prioritize the performance measurement elements data. This paper introduces a
structured methodology supported by a multi-criteria method to aids to implement
PMS for collaborative networks aiming to fill this research gap. Adaptations of this
methodology can be made to manage other inter-enterprise relationships such as
supply chains, etc. Further research work will involve the full development of the web
tool in order to not only provide the storage of data and calculation of the results but
also deals with the report analysis settings. In addition, it is needed to further testing
the web tool and observe its evolution as well as the evolution of the PMS and the
performance of the collaborative enterprise network in the long time. Other
interesting research line is the validation of the proposed methodology in other
contexts as well as the adaptation of other PMS and MADM techniques.
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