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Abstract

Several methods and tools have been developed to support managing project portfolios. However, despite the
increasing attention on project portfolio management (PPM) over the last decade from both academic and
practitioners, very few methods and tools have been proposed for modeling dependencies among projects within a
portfolio. For better visualizing interdependencies among projects, this paper proposes to apply interpretive structural
modeling (ISM) for structuring project interdependencies into a simple graphical hierarchical model. For
demonstration, this method is applied to a portfolio consisting of 22 interdependent projects.
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1. Introduction

The project portfolio management (PPM) field has quickly grown in the research arena during the past decade. Levine
(2005) defined PPM as “a set of processes, supported by people and tools, to guide the enterprise in selecting the right
projects and the right number of projects, and maintaining a portfolio of projects that will maximize the enterprise's
strategic goals, efficient use of resources, stakeholder satisfaction, and the bottom line.”

Earlier PPM researchers have focused on the following areas: projects prioritization, project selection, risk
management, and resource management. But, the management of projects interdependency requires additional
research (Teller et al., 2012), since projects within a portfolio are not separately executed where they interrelate and
have project interdependencies within the organization portfolio and are required to be studied and evaluated (Al Zaabi
& Bashir, 2018; Killen & Kjaer, 2012; Rungi & Hilmola, 2011; Engwall & Jerbrant, 2003; Hamidovic & Krajnovic,
2005). Rungi (2010) conducted an empirical study on PPM practices within organizations and found higher rates of
project success when organizations consider project interdependencies. However, Rungi and Hilmola (2011) found
that organizations that have failed to reflect project interdependencies in their practices may cause cannibalization in
their target market, which may lead to negative effects on the project portfolio’s commercial success. Moreover,
ignoring projects interdependencies in PPM practice can cause slippage in project schedules (Formentini & Romano,
2011) and unanticipated risk changes (Sanchez et al., 2009), which may threaten the portfolio balance between the
following estimated project parameters: project time, risks, and anticipated profits.

The definition of project interdependencies has been given in the previous literature in different and diverse ways.
However, it can be classified overall into five categories as follows: resource, market, knowledge, outcome, and
benefit interdependencies.

e Resource interdependencies arise due to resource sharing and allocation demands among different projects,
including technology. Staudenmayer (1997) claimed that resource interdependencies are found in three conditions:
resource demand presence, resource limited availability, and inadequate resources allocation. Blichfeldt and
Eskerod (2008) argued that resource interdependency is the most important interdependency type in PPM and
obtains the highest consideration overall from portfolio managers in comparison to the remaining types of project
interdependencies.
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e Knowledge interdependencies exist when a project generates knowledge and expertise and subsequently receives
benefits from other projects within a projects portfolio. For instance, staff members dealing with parallel projects
may cooperate to provide solutions for problems that are common in entire projects (Teller et al., 2012). When
technology-related knowledge diffusion does not happen, the unexpected risk of “reinventing the wheel” arises,
causing an organization to waste resources (Rungi & Hilmola, 2011). However, Verma and Sinha (2002) placed
emphasis on technology interdependency, whereas Killen and Kjaer (2012) focused on learning interdependency.

e Market interdependencies happen when a recent product is launched in an existing product market or when
knowledge of the current market is utilized for a product that is under development (Verma & Sinha, 2002). Rungi
and Hilmola (2011) argued that the previously mentioned interdependencies also arise when different projects
within a portfolio contend for attention as they evolve from matching or similar strategies or goals.

e 4. Outcome interdependency occurs when a project is in need of other project results (Teller et al., 2012; Killen
& Kjaer, 2012).

e Benefit interdependencies arise when an organization profits dramatically increase due to the synergy of executing
two or more interdependent projects.

This paper has been structured as follows: It starts with an introduction about PPM and project interdependencies,
followed by a literature review on existing PPM methods and their limitations. Then, an interpretive structural
modeling (ISM) model is developed based on 22 example project portfolios. It ends with discussions on the ISM
outcome, managerial implications, and future scope.

The aim of this study is to propose a simple model to visualize and understand project interdependencies based on
ISM to overcome the shortcomings of existing PPM visual tools.

2. Literature review

Different PPM methods and tools have been established to manage interdependencies between projects and can be
categorized as optimization or visual tools (Al Zaabi & Bashir, 2018; Ghapanchi et al., 2012; Eilat et al., 2006;
Disckinson et al., 2001). Optimization methods usually deal with resource interdependencies; however, optimizations
require huge inputs of numerical data, so they are described as disadvantageous within several project portfolio
environments (Rungi, 2010; Coldrick et al. 2005). Visual tools are implemented for illustrating the interdependencies
between projects, and they consist of project roadmaps, nested option models, dependency matrices, and network
maps.

Project roadmapping is an abstract mapping model that produces detail overload (Cooper et al. 1999), whereas large
project portfolios cannot be modeled by nested option models (Rungi, 2010). A dependency matrix method is a widely
used method that is utilized to produce an interdependency overview among projects within a portfolio (Teller et al.,
2012), but it cannot identify accumulated or multilevel project interdependencies. As a solution, Killen and Kjaer
(2012) proposed to visualize project interdependencies within a portfolio by developing a visual project mapping
(VPM) method in which each project is visualized as a node in a network, and directional arcs are presented to illustrate
the interdependencies. As an illustration, an arc directed from node x to node y represents that project x depends on
project y. Arc colors and weights represent a project’s interdependency type or strength. The main advantage of VPM
is the capability to visualize interdependency between projects/nodes in a portfolio/network at different levels and to
display multilevel or accumulated interdependencies. Killen (2013) tested the usefulness of VPM by comparing
dependency matrices and tabular lists of dependencies by conducting a controlled experiment in which students
evaluate the provided data, evaluate projects interdependencies, and avoid killing interdependent projects while
reducing a portfolio’s estimated budget by 10%. The experiment data included 26 projects and their interdependencies.
This experiment revealed that the usage of project visual mapping interdependencies, especially VPM, produce better
insight of the interdependencies between projects within the complex environment of project portfolios, which should
result in better decisions. VPM can provide snapshots of the interdependencies between projects without classifying
key project interdependencies. Thus, it hard to identify key activities or interdependencies from VPM.

To overcome the shortcomings of the earlier PPM visual tools, a simple model was developed in this study to visualize
and understand project interdependencies by employing.
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3. ISM methodology and model development

One way to convert the complex graph used for visualizing project interdependencies into a simpler graphical
hierarchical graph is to use ISM.

In 1973, Warfield proposed an ISM method to analyze socioeconomic systems in a complex environment. The ISM
method allows researchers to establish a diagraph to display complex interdependencies among different elements that
exist within a complex environment. The ISM concept utilizes the knowledge and experience of experts to break down
a complex system to certain components and then build a multilevel hieratical model. The method is often used to
produce a root-cause understanding of a complex system and to produce a course of action to solve a problem. Several
scholars have applied the ISM method to demonstrate relationships complexity direction and order between system
elements. Shibin et al. (2016) used ISM to build a theoretical framework of the enabler and
barrier interdependencies of flexible green supply chain management. Venkatesh et al. (2015) produced an ISM model
to analyze the risk of a supply chain. Sivaprakasam et al. (2015) developed a model for analyzing the criteria and sub-
criteria involved in the implementation of green supply chain management using an ISM framework. Jadhav et al.
(2014) used ISM to understand the complexity of interdependencies in sustainable lean implementation in the
automobile sector.

The technique is used as a learning process for the managerial level, enabling an improved understanding of the system
under study. The methodology of ISM includes five main steps:

Identifying projects and their interdependencies.

Developing a structural self-interaction matrix.

Constructing a reachability matrix

Partitioning the reachability matrix,

Forming the ISM-based model.

NhWN -

To illustrate the benefit of modeling interdependencies between projects within a portfolio, the selected ISM
methodology was implemented in a project portfolio including 22 projects with their interdependencies. Table 1 shows
the interdependences between the 22 hypothetical projects within a portfolio in tabular format.

Table 1: Example in tabular format for twenty-two projects and their interdependencies

Project Projects dependent upon Project Projects dependent upon
A AB,LK,O,W N GN

B A,B,K,0 0 AB,K,ILN,O
C CY P H,P,R

E E,T Q Q

F F,P R R

G G,N T T,

H H U FN,T,U

I A,B,K,1,O W C,JN,Q,W.Y
J CJW X G,N,Q,W.X
K A,B.N,K,0,T,Z Y CJlY

M M,T Z T,

3.1 Structural self-interaction matrix

The interdependencies between the 22 projects are represented in table 1. It is observed that this diagraph maps the
mental picture of the problem with its fundamental system. A systematic methodology can be implemented to further
simplify and rearrange it. This methodology calls for translating the graph into a structural self-interaction matrix
(SSIM). The SSIM can be utilized to construct a hierarchical restructuring of the graph. After constructing, a binary
matrix is produced from SSIM, which is called the direct relationship matrix. In the example portfolio, the reachability
matrix was built based on table 1.
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The initial reachability matrix, which is based on the above guidelines and produced by implementing transitivity
links, is presented in Table 2. Therefore, when project A is related to B and B is related to C, project A is accordingly
related to project C.

Table 2: Initial direct relationship matrix
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3.2 Level partitions

The reachability matrix is then partitioned by revealing the reachability and antecedent sets for each project. The
reachability set includes the project itself and other projects on which it might depend, while the antecedent set
includes the project and other projects that it may depend upon. The next step is to intersect the two sets for all projects.
The project(s) where the antecedent set and intersection set are equal is(are) at the bottom level of the ISM hierarchy
model. After identifying the bottom level projects, they are separated from the rest of the projects. This step is iterated
to find the next higher level of projects. The partitioning step is finalized when the highest level of projects is obtained.
These produced levels are utilized to help build the graph and the final model. In this study, this step was achieved in
five iterations. Tables 3 and 7 show the projects, with their following reachability sets, antecedent sets, intersection
sets, and levels for each performed iteration.

It is worth noting that the initial reachability matrix, which is the main input to ISM, is simply the transpose of a
dependency matrix. Therefore, an additional advantage of using ISM for modeling project interdependencies is that
all the applications of dependency matrices that have been reported in the literature can be easily implemented by
adding a simple addition step, specifically matrix transposition.
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Table 3: Iteration 1

Project Reachability set Antecedent set Interaction set Level
A AB,LK,0,W AB,LLK,0 AB,LK,0 I
B A,B,K,0 A,B,ILK,O A,B,K,0
C cCY CJW.1 C
E E,T E E I
F F,P F,U F
G G,N G,N,X G,N
H H H,P H
I AB,K,1,O ALO ALO I
J CJ,W LW, Y LW
K AB,NK,0,T,Z AB,LLK,0 AB,K,0
M M,T M M I
N G,N G,K,N,U,W,X G,N
O A,B,K,ILN,O AB,LLK,0 AB,K,1,O I
P H,P,R F,p P
Q Q QW.X Q
R R P,R R
T T,Z E,K.M,T,U,Z T,Z
U FN,T,U U U I
w CJN,QW,Y AJX,W LW
X G,N,Q,W.X X X I
Y CJlLY C,W,Y cCY
Z T,Z K,T,Z T,Z

Table 4: Iteration 2
Project Reachability set Antecedent set Interaction set Level
B B,K B,K B,K I
C cCY CJwW C
F F,P F F I
G G,N G,N G,N I
H H H,P H
J CJwW LW, Y LW
K B,N,K,T,Z B,K B.,K I
N G,N G,K,N,W G,N
P H,P,R F,P P
Q Q QW Q
R R P,R R
T T,Z K,T,Z T,Z
w CJN,QW, Y LW LW I
Y CJlY C,W.Y cCY
Z T,Z K,T,Z T,Z
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Table 5: Iteration 3

Project Reachability set Antecedent set Interaction set Level
C cCY CJ C

H H H,P H

J CJ LY J

N N N N 111
P H,P,R P P 111
Q Q Q Q 11
R R P,R R

T T,Z T,Z T,Z 1
Y ClY cCY CY I
Z T,Z T,2 T,Z 111

Table 6: Iteration 4

Project Reachability set Antecedent set Interaction set Level
C C CJ C

H H H H v

J CJ J J v

R R R R v

Table 7: Iteration 5

Project Reachability set Antecedent set Interaction set Level
C C C C v

3.3 Building the ISM model

The portfolio network shown in figure 1 and 2 was modeled by using a Social Network Visualizer (SocNetV). The
example is presented in an existing PPM visual tool introduced by Killen and Kjaer (2012). The result of the VPM
graph is shown in figure 2. VPM provides a complete picture of projects and their interdependencies, but it is hard to
interpret the key projects and analyze or cluster them. However, the ISM-based model for the same data shown in
figure 1 provides a simple graph for the whole portfolio and a structured graph that can be incorporated with what if
scenario sessions.

Note that, in ISM, a directed arc from A to B means project B depends on A, whereas in Killen’s VPM tool, a directed
arc from A to B means project A depends on B, which is opposed to the traditional flow. Moreover, the circles or
nodes illustrating each project may be sized based on the level of accumulated dependencies or other project
characteristics.

The ISM was formed based on SSIM, and each project is plotted in figure 1, from which the projects can be organized
to five levels.
1. The first level projects M, E, U, X, A, I, and O are placed in the bottom level or root level, since they have
relatively more importance in term of interdependency.
The second level projects are F, G, W, K, and B.
The third level projects are T, P, N, Y, Q, and Z.
The fourth level projects are H, R, and J.
The fifth level project C has the lowest relative importance in term of interdependency.

nhkwe

Decision makers should pay particular attention to the bottom level, middle level, and then the top level projects for
the following reasons:
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e Cancelling, delaying, or significantly altering any one of the bottom level projects will have negative effects
on many projects in the portfolio.

e Middle levels projects are relatively difficult projects to manage, since they depend on many other projects,
while many other projects depend on them at the same time.
e Top level projects do not have much interdependency within the portfolio

Level V

Level IV

Level III

Level II
W, Level
M

Figure 2: Portfolio network based on VPM
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4. Conclusion

Investigating interdependency between projects is a challenging field in PPM practice. Optimization models and visual
tools are considered methods and tools that utilize interdependencies within a portfolio. Visual PPM tools are believed
to illustrate a better understanding of the interdependencies between projects. However, the existing PPM visual tools
have some drawbacks relating to project roadmaps, the dependency matrix, the nested options model, and visual
project maps. Project roadmapping is a basic model to visualize projects and produce detail overload. While the nested
options model is valid for small project portfolios, the dependency matrix does not present multilevel or accumulated
project interdependencies. Moreover, visual project mapping is often very complex, and it is difficult to trace the
interdependencies among the projects.

To overcome these limitations, the ISM is implemented in this study to convert the complex graph used for visualizing
project interdependencies into a simpler graphical hierarchical graph. The benefits of using the ISM methodology
were presented through an illustrative example of a project portfolio consisting of 22 interdependent projects.

The ISM methodology arranged the projects in a hierarchical structure model including five levels that was simpler
than VPM. The ISM model arranges the bottom level of the hierarchy (projects: M, E, U, X, A, I and O) as the more
important projects based on their interdependency within the portfolio. The outcome of the ISM model can help
decision makers to pay attention to bottom level, middle level, and then top level projects. Cancelling, delaying, or
significantly altering any one of the bottom level projects will have negative effects on many projects in the portfolio.
Moreover, middle level projects are the most difficult projects to manage, since they depend on many other projects,
while many other projects depend on them at the same time. Top level projects do not have much interdependency
within the portfolio.

Finally, in addition to the ISM model used in this study, other methods would likely be useful for understanding the
interdependencies of a project portfolio. The other methods could be used as complementary tools along with the ISM
method for analyzing interdependences from different perspectives. This could be explored in a future study.

Acknowledgements

The authors gratefully acknowledge financial support from the Emirates Islamic Bank, United Arab Emirates.

References

Al Zaabi, H. & Bashir, H. (2018). Analyzing interdependencies in a project portfolio using social network analysis
metrics. 2018 5th International Conference on Industrial Engineering and Applications (ICIEA). IEEE.

Blichfeldt, B. S., & Eskerod, P. (2008). Project portfolio management — There’s more to it than what management
enacts. International Journal of Project Management, 26(4), 357-365.

Coldrick, Simon, et al. (2005) An R&D options selection model for investment decisions. Technovation 25(3), 185—
193.

Cooper, R. G., Edgett, S. J., & Kleinschmidt, E. J. (1999). Portfolio management in new product development: Lessons
from the leaders, Phase I. In L. D. Dyer & J. S. Pennypacker (Eds.), Project Portfolio Management (pp. 97-116).
West Chester, PA: Center of Business Practices.

Dickinson, M. W., Thornton, A. C., & Graves, S. (2001). Technology portfolio management: optimizing
interdependent projects over multiple time periods. I[EEE Transactions on Engineering Management 48(4), 518—
527.

Eilat, H., Golany, B., & Shtub, A. (2006). Constructing and evaluating balanced portfolios of R&D projects with
interactions: A DEA based methodology. Furopean Journal of Operational Research, 172(3), 1018-1039.

Engwall, M., & Jerbrant, A. (2003). The resource allocation syndrome: the prime challenge of multi-project
management. International Journal of Project Management, 21(6), 403—409.

Formentini, M., & Romano, P. (2011). Using value analysis to support knowledge transfer in the multi-project setting.
International Journal of Production Economics, 131(2), 545-560.

Ghapanchi, A. H., Tavana, M., Khakbaz, M. H., & Low, G. (2012). A methodology for selecting portfolios of projects
with interactions and under uncertainty. International Journal of Project Management, 30(7), 791-803.

© IEOM Society International 925



Proceedings of the International Conference on Industrial Engineering and Operations Management
Bangkok, Thailand, March 5-7, 2019

Hamidovic, A., & Krajnovic, S. (2005). An example of a novel approach to measuring projects success within ICT
industry. Proceedings of the 8th International Conference on Telecommunications, June 2005, Vol.2, pp. 677—
682.

Killen, C. P. (2013). Evaluation of project interdependency visualizations through decision scenario experimentation.
International Journal of Project Management, 31(6), 804-816.

Killen, C. P., & Kjaer, C. (2012). Understanding project interdependencies: The role of visual representation, culture
and process. International Journal of Project Management, 30(5), 554-566.

Levine, Harvey A. Project portfolio management: a practical guide to selecting projects, managing portfolios, and
maximizing benefits. John Wiley & Sons, 2005.

Rungi, M. (2010). Success rate and resource consumption from project interdependencies. Industrial Management &
Data Systems, 110(1), 93—110.

Rungi, M., & Hilmola, O. P. (2011). PIM of projects: survey comparison between Estonia and Finland. Baltic Journal
of Management, 6(2), 146—162.

Sanchez, H., Robert, B., Bourgault, M., & Pellerin, R. (2009). Risk management applied to projects, programs, and
portfolios. International Journal of Managing Projects in Business, 2(1), 14-35.

Shibin, K. T., et al. (2016). Enablers and barriers of flexible green supply chain management: A total interpretive
structural modeling approach. Global Journal of Flexible Systems Management 17(2), 171-188.

Sivaprakasam, R., Selladurai, V., & Sasikumar, P. (2015). Implementation of interpretive structural modelling
methodology as a strategic decision making tool in a Green Supply Chain Context. Annals of Operations Research
233(1), 423-448.

Staudenmayer, N. A. (1997). Managing multiple interdependencies in large scale software development projects
(Doctoral dissertation, Massachusetts Institute of Technology).

Teller, J., Unger, B. N., Kock, A., & Gemiinden, H. G. (2012). Formalization of project portfolio management: The
moderating role of project portfolio complexity. International Journal of Project Management, 30(5), 596—607.

Venkatesh, V. G., Rathi, S., & Patwa, S. (2015). Analysis on supply chain risks in Indian apparel retail chains and
proposal of risk prioritization model using Interpretive structural modeling. Journal of Retailing and Consumer
Services 26, 153—-167.

Verma, D., & Sinha, K. K. (2002). Toward a theory of project interdependencies in high tech R&D environments.
Journal of Operations Management, 20, 451-468.

Warfield, J. N. (1973). An assault on complexity (No. 3). Battelle, Office of Corporate Communications.

Biographies

Helal Al Zaabi is a Ph.D. Candidate in the Department of Industrial Engineering at the University of Sharjah, UAE.
He eared B.S and MSc in Civil and Environmental Engineering from the University of Sharjah, UAE. Projects
portfolio management is his area of research interest.

Hamdi Bashir is an associate professor in the Department of Industrial Engineering and Engineering Management,
University of Sharjah, UAE. Dr. Bashir has held faculty positions at Concordia University, University of Alberta, and
Sultan Qaboos University. His research activities have focused on interests are project management, project portfolio
management, health care operations management, quality management, logistics, and cellular manufacturing systems.
Dr. Bashir is a senior member of the Institute of Industrial Engineers (IIE). Dr. Bashir received his Ph.D. degree from
McGill University, Canada.

© IEOM Society International 926



	References
	References
	Biographies
	Biographies



