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Abstract
Decision making for collaborative urban heritage is very complicated due to the involvement of many parties
with many goals and concerns. In such situation where the designer, project manager, facility manager and
others are involved in choosing a single alternative from a set of solutions, a decision support is required to
evaluate and rank the solution. This paper presents a conceptual model of decision support for collaborative
urban heritage with three different conditions on adaptive value, economics value, and spatial value. The
research objectives are to find a theoretical basis and research approach for decision support methodology and to
develop a decision model for technical solution options. The methodology is started with theoretical approach
through literature review to develop the model of collaborative criteria that is shared-understanding, best design
achievement, and integration. It is also used to develop the model of urban heritage selection that is economic
value, adaptive value, and spatial value. The model are then analyzed by using analytical hierarchy process
(AHP) in order to find the best fit model of decision support for developing the urban heritage area. The result of
the decision model is verified in a case study.
Keywords: decision support, urban heritage, collaborative, value
1. Background and Motivation
Urban heritage is becoming important value in urban development, where historical and cultural aspects within
heritage value of the urban are preserved in order to increase the value of the urban itself (Utomo & Rahmawati,
2012). Some issues appear regarding to the failure as well as less concern in achieving this value. Developers
had mostly concerned to achieve the economic value and abandon the heritage value in order to gain highest
return (Zancheti & Hidaka, 2011). As a result of less concern to heritage value, the adaptive value in developing
heritage area is being less concerned as well. Furthermore, due to the importance and additional value of heritage
in the urban development, it is becoming essential value to be concerned in the design process of urban
development. The design process of heritage urban development is becoming difficult.
The designers as well as the owners are facing the issues in concerning both economic value and heritage value,
where some concepts are adaptable and some others are not. These difficulties able to be solved by involving
some parties that has expertise not only in the property and/or building development, but also has capabilities in
realizing the achievement of both economic and adaptive value in the urban development itself. The criteria of
economic and adaptive had caused complex design. Complex designs need complex parties to be involved.
Utomo et al (2014) had described that the involvement of multiple parties had added difficulties in design
process, especially in the decision making process. Complex parties also caused complex issues, where it will be
difficult to produce best fit design that are not only accepted by all parties but also can be used to achieve the
value of economic and adaptive. Collaboration is an important endeavor that needs to be applied in multiple
parties of decision making (Utomo & Rahmawati, 2014). It has ability in guiding the design process to achieve
common goals through the achievement of best-fit mutual decisions. The concept of collaborative based decision
making is needed in the design process of urban heritage development.
This research purposes to develop the concept of collaborative-based decision making in the multiple parties’
design process of urban heritage development. The concept is first conceptually built by using literature study.
Depth review on collaborative-based decision making researches is needed to find the criteria of collaboration.
The review then continued to previous researches on economic, adaptive, and spatial value of urban heritage
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development. The conceptual model is then confirmed to experts whom had experiences in design process of
urban heritage development. The result is analyzed by using AHP accordingly.
2. Theoretical Basis
2.1 Definition of Collaborative Decision Making
There are three endeavors that can be applied to multiple parties’ works or decision making, which consist of
collaboration, cooperation, and coordination. Collaboration has different meaning with cooperation and
coordination (Kvan, 2000; Lu et al, 2007). The essential meaning that compares those three concepts is the goal
that needs to be achieved through those approaches. Lu et al (2007) stated that coordination can be used when
works’ compilation is the goal, meanwhile cooperation can be used when the goal is concerning the mutualism
and advantages of all parties involved. Some research has defined collaborative similar with cooperation (Peng,
1994), but Lu et al (2007) and Kvan (2000) defined differently. The collaborative is an endeavor that is applied
in order to integrate multiple parties in achieving mutual and best fit goal, in which it is not concerning
individuals’ advantages and losses but the integrated and shared-goal is the important matter.
According to its definition, collaborative can also be indicated by its process. The essential process is integration,
not compilation nor compromising. According to Rahmawati et al (2014a), the main goal of collaborative is to
integrate process, knowledge, and individuals. As Detienne (2006) had also stated that the integration of both
aspects, which are process and perspectives, are important for collaboration. Shared-understanding has essential
meaning to support the integration, in which it is achieved through similar perspective of design development
between participants (Gabriel & Maher 2002). Getting both integration and shared-understanding will lead to the
achievement of collaboration’s goal, which is best design as integrated result (Kvan, 2000).
2.2 Collaborative Criteria in Urban Heritage Selection
Collaborative-based design process is developed by researchers. Based on reviews to previous studies, the
motivation of its application can be classified into three groups. They are shared-understanding (Gabriel &
Maher 2002; Saad & Maher 1995; Dave & Koskela 2009), best design achievement (Kvan 2000; Kvan & Candy
2000; Shen et al. 2008), and integration (Chiu 2002; Patel et al. 2012; Detienne 2006; Vivacqua et al. 2011).
These motives are three main criteria that can be used to measure variable of collaborative-based urban heritage
selection in design process. First criteria are integration. The measurements of integration are conceptually built
based on Detienne (2006), which is mainly related with the integration of task interdependencies and multiple
perspectives. In realizing integration, shared-understanding is needed to generate similar perception between
multiple parties, in which it is determined as second criteria. Rahmawati & Utomo (2014) and Rahmawati et al
(2014b) present that the achievement of shared-understanding will support integration through decision making
process, where each participant comprehends the outline of design rationale and design elicitation. It will be able
to avoid and solve conflicts that are caused by individual thoughts and perceptions of participants in design
developments process. The last criteria are the achievement of best integrated design as collaborative result in
urban heritage selection. This indicator is constructed by adopting the theoretical framework of collaborative
practices (Kvan, 2000; Lu et al., 2007).
2.3 Economic, Adaptive, and Spatial Value in Urban Heritage Design
As reported by Torre (2002), the investment on cultural, heritage, and conservation properties have been difficult
to be realized since their contradiction with the economic value. Major consideration to heritage value has
capability to carry limitation in adapting the economic value and vise versa, in which it can be major issue in
developing the conservative area. Related with this, Mourato & Mazzanti (2002) had described that in fact
people had applied the value of the conservation in developing their neighborhood but the result itself had never
been visited. Furthermore, the limitation is not only expressed in the application of economic value but also to
the adaptive value of the property to its surroundings, which is in this case is the cultural/heritage area.
There are three critical values that are essentially needed to be concerned in selecting best-fit design for
developing the urban heritage properties. The values are economic (Heras et al, 2011), adaptive (Bullen & Love,
2011), and spatial (Royo et al, 2011). Economic value is required due to its major benefit for achieving highest
return from the investment of urban heritage development. This first value is apparently becoming main
concerned for developers and owners in every project investment. The second value is the adaptive. The adaptive
value becomes main concern because of the essential need to keep the development plan/design suitable with
urban heritage regulations. Spatial is the third value that is critical as well, especially if the development is
considering the value of sustainability. Spatial value related with the use of suitable design between property’s
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plans with the master plan of the urban heritage surroundings. Based on those three values, there are six
alternatives that can be developed for selections in urban heritage development.
2.4 Conceptual Decision Model of Collaborative Urban Heritage
Derived from the previous description of empirical and theoretical framework, the conceptual decision model of
collaborative urban heritage selection in design process can be depicted in Figure 1. The main goal of the
decision is to select the collaborative-based urban heritage development in design process. The goal can be
chosen through three collaborative criteria and six alternatives of urban heritage selection. The criteria are
shared-understanding, best design achievement, and also integration. High adaptive value is concerned in the
first, third, and sixth alternatives; and low adaptive value is considered in the second, fourth, and fifth alternative.
Economic value is not considered in the third and fifth alternative, but it is highly considered in the second
alternative. The spatial value is not considered in the first, third, and fourth alternative and low considered in the
second alternative.
Collaborative-based Urban Heritage Selection

Goal

Colaborative
criteria

Alternatives
used of
heritage
according to
the value of
economic,
adaptive, and
and spatial

Shared-understanding

A1:
High Adaptive
Value,
Low Economic
Value
Without Spatial
Value

A2:
Low Adaptive
Value,
High Economic
Value
Low Spatial
Value

Integration

Best Design Achievement

A3:
High Adaptive
Value,
Without
Economic Value
Without Spatial
Value

A4:
Low Adaptive
Value,
Low Economic
Value
With Spatial
Value

A5:
Low Adaptive
Value,
Without
Economic Value
Without Spatial
Value

A6:
High Adaptive
Value,
Low Economic
Value
With Spatial
Value

Figure 1. The Concept of collaborative urban heritage selection
3. Decisions Support Model
This research applies AHP (Saaty, 1996) for decision process. It is a powerful and flexible method by reducing
complex decisions to a series of one-on-one comparison, then synthesizing the result. This method is a
framework of logic and it provides a clear rationale for best decision by organizing perceptions, feelings,
judgments, and memories into a hierarchy of forces that influences decision result (Dey, 2006). The AHP also
can be used successfully for a group decision (Wanyama, 2006), collaboration (Wang & Zionts, 2008), and
negotiation (Utomo et al, 2014)
3.1 First Step: Constructing Decision Hierarchy
The goal of the problem (G) is to select the best alternative of collaborative decision for urban heritage. It is
addressed by some alternatives as possible solutions (a1, a2, a3, a4, a5, a6). There are three indicators for the
basis of alternative determination. An alternative is presenting of its combination that are + means good, - means
bad and 0 means average. In this decision, +V1 means that the alternative is adaptively good for the goal of
heritage, +V2 means that the alternative is giving high economics value, and +V3 means that implementation of
the alternative will give good spatial value. The problem is split into sub-problems (C1; C2; C3) which are
collaborative criteria evaluating alternatives. To obtain a good representation of a problem, it has to be structured
into different components called activities. Figure 2 shows the decision hierarchy.
3.2 Second Step: Making Judgments
Based on AHP, the eigenvector and the maximum eigenvalue can be calculated from the pair-wise comparison
matrix. It is show the relative importance of pairwise comparison. The value could be: equal (1), moderate (3),
strong (5), very strong, demonstrated (7) or extreme (9). Sometimes it is needed to give compromise judgments
(2; 4; 6; 8). AHP uses reciprocal values (1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2) for another pairwise. In the process,
a total of n(n-1)/2 judgments are needed and a matrix of pair-wise comparison can be derived. The judgment
from all stakeholders (SH1, SH2, SH3, SH4, and SH5) can be measured its consistency CRAck = CIAck = RCn. It
means a consistency ratio that the higher is the less consistent of the preferences. The priorities of alternatives
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can be calculated if the value of consistency ratio is 10% or less. The results of the judgment are presented on
Table 1.
Select the best alternative of collaborative decision
for urban heritage (G)

Shared-Understanding

Best Design

Integration

(C1)

(C2)

(C3)

+V1,-V2, 0V3

-V1, +V2,-V3

+V1, 0V2, 0V3

0V1,-V2, +V3

-V1, 0V2, 0V3

+V1,-V2,-V3

(a1)

(a2)

(a3)

(a4)

(a5)

(a6)

Figure 2. The decision hierarchy
Table 1. Alternatives rank for each stakeholder
Stakeholder (SH)1
weighting criteria
C1
0.709338
C2
0.21409
C3
0.076572
SH1 alternatives

C1
C2
C3

SH 2
weighting criteria
0.231614
0.071855
0.696531
SH2 alternatives

C1
C2
C3

SH 3
weighting criteria
0.083308
0.723506
0.193186
SH3 alternatives

C1
C2
C3

SH 4
weighting criteria
0.348304
0.148449
0.503247
SH4 alternatives

C1
C2
C3

SH 5
weighting criteria
0.167946
0.080673
0.75138
SH5 alternatives

a1
0.19317
0.011466
0.011234
0.21587
1st

a2
0.01682
0.111578
0.002546
0.130944
5th

a1
0.063074
0.003848
0.10219
0.169113
2nd

a2
0.005492
0.037449
0.023156
0.066097
6th

a1
0.022687
0.038749
0.028343
0.089779
5th

a2
0.001975
0.377073
0.006422
0.385471
1st

a1
0.094852
0.007951
0.073833
0.176635
2nd

a2
0.008259
0.077368
0.01673
0.102357
6th

a1
0.045736
0.004321
0.110237
0.160294
2nd

a2
0.003982
0.042045
0.024979
0.071007
6th

Alternatives
a3
a4
0.12153
0.140868
0.035296
0.012102
0.011606
0.037743
0.168433
0.190713
4th
3rd
Alternatives
a3
a4
0.039682
0.045996
0.011846
0.004062
0.105575
0.343326
0.157104
0.393384
rd
3
1st
Alternatives
a3
a4
0.014273
0.016544
0.119283
0.040898
0.029282
0.095223
0.162837
0.152665
2nd
3rd
Alternatives
a3
a4
0.059675
0.06917
0.024474
0.008391
0.076279
0.248054
0.160427
0.325616
3rd
1st
Alternatives
a3
a4
0.028774
0.033352
0.0133
0.00456
0.113889
0.370361
0.155963
0.408274
rd
3
1st
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a5
0.04625
0.031202
0.010022
0.087474
6th

a6
0.1907
0.012445
0.003421
0.206566
2nd

a5
0.015102
0.010472
0.091167
0.116741
4th

a6
0.062267
0.004177
0.031118
0.097562
5th

a5
0.005432
0.105444
0.025286
0.136162
4th

a6
0.022397
0.042059
0.008631
0.073086
6th

a5
0.02271
0.021635
0.065869
0.110214
5th

a6
0.093639
0.00863
0.022483
0.124751
4th

a5
0.01095
0.011757
0.098346
0.121054
4th

a6
0.045151
0.00469
0.033568
0.083409
5th
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3.3 Third step: Collaborative Process
Decision support is the interactive communication to facilitate a distributed search process. It can be used to
effectively coordinate the behavior of stakeholder. This group decision is involving Five Stakeholders by giving
their own preference. There are two approaches that used to develop of theorems relating to the negotiation
process which are informal theory and formal theory Kraus (2001). The difference among those two approaches
is the first attempts to identify possible strategies, while the second is attempts to construct formal models of
negotiation. Stakeholders present different side of preference. Nevertheless the protocol of collaboration in this
group decision was developed as a cooperative environment (Idrus & Utomo, 2010).
In this system, collaborative consists in an exchange of proposals between Stakeholders (Utomo et al, 2009a).
The SH i propose its alternative to SH j. Agreement options need three stages to be determined, which are;
weighting factor of criteria for each decision-maker; grade of alternative for each evaluation criteria; and score
of every decision-maker for alternative that the most preferred alternative. With the respect to the goal this
alternative is immediately accepted. If not, SH j tries to change the preference order of alternatives by adjusting
judgments in pairwise comparison matrixes. If the proposal is not accepted, it will send a counter-proposal. The
decision will be stopped, when an alternative is approved unanimously. The Stakeholder preferences of the
evaluation criteria can be changed in the decision progress. it will change the score of alternative solution, and
change of the agreement options (Utomo et al, 2009b).
4. Conclusion
The concept of collaborative-based decision making in the multiple parties’ design process of urban heritage
development is developed. It is conceptually built by literature review to previous researches on economic,
adaptive, and spatial value of urban heritage development. The model is confirmed to five stakeholders by giving
their own preferences. It based on three critical values that are the values of economic, adaptive, and spatial. A
case study is used to verify the model. The result of verification is based on the goal of the problem "to select the
best alternative of collaborative decision for urban heritage" that is addressed by five alternatives as the possible
solutions. Each alternative is presenting combination of preference. The agreement option of the Stakeholders is
changed in term of membership and size. It is happen in the decision progress and result in changing score,
moreover the group decision process will be stopped or deadlock.
Acknowledgment
Authors appreciate recognitions and awards in forms of research grant from Riset Unggulan Perguruan Tinggi
2015, which are entitled “Pengembangan Konfigurasi Spasial dan Nilai Ekonomi Urban Heritage yang Adaptif
dan Kolaboratif” (second year research). Authors would like to thank to Institut Teknologi Sepuluh Nopember
(ITS) for funding the research.
References
Bullen, P. A., & Love, P. E. D. (2011). Adaptive Reuse of Heritage Buildings. Structural Survey, 29(5), 411-421.
http://dx.doi.org/10.1108/02630801111182439
Chiu, M. L. (2002). An Organization View of Design Communication in Design Collaborative. Design Studies, 23,
187-210. http://dx.doi.org/10.1016/S0142-694X(01)00019-9
Dave, B., & Koskela, L. (2006). Collaborative Knowledge Management - A Construction Case Study. Automation
In Construction, 18, 894-902. http://dx.doi.org/10.1016/j.autcon.2009.03.015
Detienne, F. (2006). Collaborative Design: Managing Task Interdependencies And Multiple Perspective. Journal
of Interacting With Computer, 18, 1-20. http://dx.doi.org/10.1016/j.intcom.2005.05.001
Dey, P. K. (2006). Integrated project evaluation and selection using multi attribute decision making technique.
International Journal Production Economics, 103(1), 90-103. http://dx.doi.org/10.1016/j.ijpe.2004.11.018
Gabriel, G. C., & Maher, M. L. (2002). Coding and Modelling Communication in Architectural Collaborative
Design. Automation in Construction, 11, 199-211. http://dx.doi.org/10.1016/S0926-5805(00)00098-4
Heras, V. C., Wijffels, A., Cardoso, F., Vandesande, A., Santana, M., Orshoven, J. V., Steenberghen, T., & Balen,
K. V. (2013). A value-based monitoring system to support heritage conservation planning. Journal of
Cultural
Heritage
Management
and
Sustainable
Development,
3(2),
130-147.
http://dx.doi.org/10.1108/JCHMSD-10-2012-0051

118

www.ccsenet.org/jsd

Journal of Sustainable Development

Vol. 8, No. 8; 2015

Idrus, A., & Utomo, C. (2010). Cooperative coalition formation on value-based decision. Proceedings
International Symposium on Information Technology. System Development and Application and Knowledge
Society, ITSim'10. http://dx.doi.org/10.1109/itsim.2010.5561508
Kraus. S. (2001). Strategic Negotiation in Multi-agent Environment. MIT Press.
Kvan, T. (2000). Collaborative Design: What Is It? Automation in Construction, 9(4), 409-415.
http://dx.doi.org/10.1016/S0926-5805(99)00025-4
Kvan, T., & Candy, L. (2000). Designing collaborative environments for strategic knowledge in design.
Knowledge-based System, 13(6), 429-438.
Lu, S. C. Y., Elmaraghy, W., Schuh, G., & Wilhelm, R. (2007). A Scientific Foundation of Collaborative
Engineering. Annals of the CIRP, 56(2), 605-634. http://dx.doi.org/10.1016/j.cirp.2007.10.010
Mourato, S., & Mazzanti, M. (2002). Economic Valuation of Cultural Heritage: Evidence and Prospects,
Assessing the Values of Cultural Heritage. Research Report the Getty Conservation Institute, Los Angeles.
Patel, H., Pettitt, M., & Wilson, J. R. (2012). Factors of collaborative working: A framework for a collaboration
model. Journal of Applied Ergonomics, 43(1), 1-26. http://dx.doi.org/10.1016 /j.apergo.2011.04.009
Peng, C. (1994). Exploring Communication In Collaborative Design: Co-Operative Architectural Modelling.
Design Studies, 15(1), 19-44. http://dx.doi.org/10.1016/0142-694X(94)90037-X
Rahmawati, Y., & Utomo, C. (2015). The Influence of Knowledge Management to Integrated Design. Proceeding
ICITACEE. 2014 1st International Conference on Information Technology, Computer, and Electrical
Engineering: Green Technology and Its Applications for a Better Future.
Rahmawati, Y., Utomo, C., Anwar, N., Nurcahyo, C. B., & Negoro, N. P. (2014). Theoretical Framework of
Collaborative
Design
Issues.
Jurnal
Teknologi,
70(7),
47-53.
Retrieved
from
http://www.jurnalteknologi.utm.my/index.php/jurnalteknologi/ article/view/3577/0
Rahmawati, Y., Utomo, C., Anwar, N., Setijanti, P., & Nurcahyo, C. B. (2014). An empirical model for successful
collaborative design towards sustainable project development. Journal of Sustainable Development, 7(2).
http://dx.doi.org/10.5539/jsd.v7n2p1
Royo, R. C., Yserte, R. G., & Rio, B. S. G. (2011). An Urban Regeneration Model in Heritage Area in Search of
Sustainable Urban Development and Internal Cohesion. Journal of Cultural Heritage Management and
Sustainable Development, 2(1), 44-61. http://dx.doi.org/10.1108/20441261211223261
Saad, M., & Maher, M. L. (1995). Shared Understanding In Computer-Supported Collaborative Design. Journal of
Computer Aided Design, 28(3), 183-192. http://dx.doi.org/10.1016/0010-4485(95)00025-9
Saaty, T. L. (1996) The Fundamentals of Decision Making and Priority Theory with the Analytic Hierarchy
Process, volume IV of AHP Series. RWS Publications, Pittsburg.
Torre, M. (2002). Assessing the Values of Cultural Heritage. Research Report The Getty Conservation Institute,
Los Angeles.
Utomo, C. & Rahmawati, Y. (2015). Knowledge and Protocol on Collaborative Design Selection. Proceeding
ICITACEE. 1st International Conference on Information Technology, Computer, and Electrical Engineering:
Green Technology and Its Applications for a Better Future.
Utomo, C., & Rahmawati, Y. (2012). The Achievement to Sustainability on Vertical Housing Development
through Whole System Design. Proceeding 3rd International Seminar on Tropical Eco Settlements.
Utomo, C., Idrus, A., & Napiah, M. (2009). Methodology for multi criteria group decision and negotiation support
on value-based decision. Proceedings. Proceeding ICACC, International Conference on Advanced Computer
Control. http://dx.doi.org/10.1109/icacc.2009.128
Utomo, C., Idrus, A., Napiah, M., & Khamidi, M. F. (2009). Agreement options on multi criteria group decision
and negotiation. World Academy of Science, Engineering and Technology.
Utomo, C., Zin, R. M., Zakaria, R., & Rahmawati, Y. (2014). A Conceptual Model of Agreement Options for
Value-based Group Decision on Value Management. Jurnal Teknologi, 70(7), 47-53. Retrieved from
http://www.jurnalteknologi.utm.my/index.php/jurnalteknologi/article/view/3576.
Vivacqua, A. S., Garcia, A. C. B., & Gomes, A. (2011). BOO: Behavior-Oriented Ontology To Describe
Participant Dynamic In Collocated Design Meetings. Journal of Expert System with Application, 38(2),
1139-1147. http://dx.doi.org/10.1016/j.eswa.2010.05.007
119

www.ccsenet.org/jsd

Journal of Sustainable Development

Vol. 8, No. 8; 2015

Wang, J., & Zionts, S. (2008). Negotiating wisely, considerations based on MCDM/MAUT. European Journal of
Operation Research, 188(1). 191-205. http://dx.doi.org/10.1016/j.ejor.2007.03.033
Wanyama, T. (2006). Decision support for COTS selection. Unpublished dissertation. University of Calgary.
Zancheti, S. M., & Hidaka, L. T. F. (2011). Measuring Urban Heritage Conservation: Theory and Structure.
Journal of Cultural Heritage Management and Sustainable Development, 1(2), 96-108.
http://dx.doi.org/10.1108/20441261111171666
Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.
This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/).

120

