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1. Introduction

Stakeholder theory is one of the organization management theories. The concept of stakeholder was
first presented by the Stanford Research Institute in 1936. Freeman can be mentioned as the founder
of stakeholder analysis who incorporated this issue into the strategic management literature. In
1984, he presented an article in which he proposed the model and importance of stakeholder anal-
ysis in strategic management (Freeman, 1984 (First Published by Pitman)- 2010 (Digital Version
by Cambridge University Press)). Interest in stakeholders has grown considerably since Freeman’s
(1984) work was published. The interactions with stakeholders and interrelationships between them
largely influence the overall performance of organizations and the results of the projects (Kumar,
2015). While stakeholder analysis is rooted in business management, it has spread to other areas
such as economics, political science, game theory, and the environmental sciences; common stake-
holder analysis models use a wide range of qualitative and quantitative tools to identify stakehold-
ers, their position, their impact on each other, and their interests. From one perspective, stakehold-
ers include any individual or group that has been influenced by organizational activities or is likely
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to be affected by organizational activities. Traditionally, stakeholders are any individual or group
that is influenced by or influences an organization in achieving its goals (Freeman, 1984 (First
Published by Pitman)- 2010 (Digital Version by Cambridge University Press)). Stakeholder management
is one of the most important issues in organizations and projects. Since stakeholders may consist of
people with specific, even conflicting interests, backgrounds, and skills, they need interaction and
coordination throughout the project life to achieve the organization's goals and become successful.
Due to the complex environmental conditions of organizations, stakeholder management creates
effective interactions between the stakeholders of the organization or project by balancing different
and sometimes conflicting requirements. According to Kroll’s definition, stakeholder management
process includes gathering stakeholder information and identification, use of stakeholder infor-
mation to predict their behavior, determine how to manage their position, to direct conditions and
effective factors to achieve the project/organization goal(s). Some researchers believe that the stake-
holders are those who use the system directly or indirectly, or those who are involved in system
development (Sharp, Finkelstein, & Galal, 1999). Project stakeholder management deals with man-
aging and fulfilling stakeholder expectations and has tended to focus on the stakeholders of the
organization or the project viewpoint. The stakeholders' impact - both public and private actors- is
important because they can significantly influence projects and organizations (Beringer et al.,
2013).

2. The problem statement

Stakeholders may be affected by projects or project outcomes; thus, they must not be ignored in
project management, which is reflected in some definitions of project success. Project portfolio
stakeholders is defined as any group or individual in a relationship with a project portfolio, such
that the group or individual can affect or is affected by the achievement of the portfolio's objectives
(Beringer et al., 2013). The focus of this article is to study the stakeholders of a public university.
A public university is a university that is in state ownership or receives significant public funds
through a national or subnational government, as opposed to a private university (Public university,
2019). At the university, the university's board of trustees asked the college managers to cover part
of their expenses. To accomplish this goal, the college managers have focused on earning and form-
ing an effective portfolio of projects. The portfolio of projects consists of educational and research
activities and projects. The types of projects and activities the colleges can do are as follows:

* Research projects that are owned by companies outside the university

* Admitting students and converting them to graduates

* Implementing on the job training (OJT) and Knowledge and skill increasing courses for
applicants (such as managers) in the form of short-term project projects

Naturally, these projects have both revenue and cost; therefore, the maximum profit should be con-
sidered. Another important point is that the college managers must consider the constraints and
expectations of other stakeholders in order to form an annual portfolio of their projects, in addition
to expecting the university trustees as a stakeholder. Accordingly, the aim is to determine the effec-
tive number of research projects, the number of students admitted annually, and the number of
short-term courses given the constraints and expectations of (key) stakeholders simultaneously. In
this paper, in addition to an overview of the stakeholders' management background in the universi-
ties as well as the impact of the stakeholders in the portfolio of the projects, the stakeholders of the
university are studied, identified and categorized, and then a mathematical model for optimizing the
portfolio of projects is presented and solved.

3. Theoretical background
3.1 Stakeholder analysis in higher education centers and universities
Stakeholder management for higher education centers and universities is a topic which has gained

less attention. Here is a look at some of the references that have specifically addressed stakeholder
analysis of academic centers.
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Chapleo and Simms (2010) analyzed university stakeholders by studying a case study at Portsmouth
University, England. In this study, 30 university stakeholders were identified and among these 30
groups, 12 were classified as being of particular importance (Chapleo & Sims, 2010). Mainardes et
al. (2013) performed a case study on a Portuguese state university to identify, classify and rank the
stakeholders of a university and also, to qualify the importance of the stakeholders (Mainardes,
Alves, & Raposo, 2013). Matkovic et al. (2014) introduced a model of the analysis phase of the
curriculum development process for identifying and selecting key curriculum stakeholders. In this
research, external stakeholders, their roles and contribution, and related process have been analyzed
(Matkovic, Tumbas, Sakal, & Pavli¢evic, 2014). Kettunen (2014) has developed a stakeholder map-
ping concept for universities and higher education institutions. The stakeholder map shows the ex-
tent of their involvement in improvement and their impact. In this study, stakeholders are catego-
rized by the Balanced Scorecard approach and are categorized according to the four perspectives of
financial, processes, external impacts and growth and learning (Kettunen, 2014). Fleaca et al. (2017)
examined the relationship between stakeholders and entrepreneurship enhancement in higher edu-
cation institutions. Training in university, especially in the field of engineering, needs to teach spe-
cial skills to students. In this study, the SIPOC (Supplier, Input, Process, Output, Customers) model
has been used for better analysis (Fleaca, Fleaca, & Maiduc, 2017). Hujainah et al. (2017) examined
stakeholder qualification and prioritization (SQP) in a review study. In this paper, 31 out of 210
articles known as preliminary studies were reviewed. The results showed that prioritization and
qualification of stakeholders is critical to the performance of a system because it helps to identify
stakeholders more accurately and also to prioritize their needs. In addition, 17 stakeholder charac-
teristics were obtained. Also, 9 techniques are presented in this paper for stakeholder qualification
and prioritization (Hujainah, Abu Bakar, Al-Haimi, & Abdulgabber, 2017). Tran (2018) analyzed
stakeholders on the skills gap of Vietnamese students. The purpose of this study was to investigate
the skills gap causes of students, especially engineering students, and to figure which stakeholders
were responsible for this gap. For this purpose, he interviewed 38 well-known stakeholders via
email and interviewed 475 students, graduates and faculty members. The results of this study
showed that the most important reasons are non-dynamic curriculum planning, labor market
changes, limited university facilities and low-effort students. The researcher suggests that instead
of stakeholders looking for the guilty party while blaming each other, they can address this issue by
working together with persistent surveys, as well as committing students to greater learning skills
and updating training material and methods (Tran, 2018). Table 1 summarizes the reviewed re-
search.

3.2 Stakeholders impact in project portfolio management

Project portfolios have been defined as a set of projects that are conducted under the management
of an organization and that compete for scarce resources. Stakeholder management is key success
factors within project portfolio management (PPM) (Beringer, Jonas, & Kock., 2013). Chual et al.
(2011) examined evolution of the control portfolio in a multi-stakeholder project. They believed
that the corporate headquarters (the project’s principal controller) must simultaneously ensure that
the various stakeholders are aligned with the project’s goals despite, and that the stakeholders col-
laborate with each other to achieve project success (Soh, Chua, & Singh, 2011). Beringer et al.
(2013) studied the effect of portfolio-internal stakeholders on project portfolio success. They exam-
ined the relationship between the intensity of engagement (IoE) of stakeholders and portfolio suc-
cess (Beringer, Jonas, & Kock., 2013). Davis (2014) examined background the project success. He
investigated stakeholders involved in projects and showed a lack of agreement in perceptions of
project success factors between stakeholders as an important obstacle to project success (Davis,
2014). Bahadorestani et al. (2018) offered a framework to identify project stakeholders and to de-
termine the expectations of key stakeholders. They designed the expectations’ model using the QFD
approach (Bahadorestani, Ghalehnovi, & Motahari Farimani, Designing a Model of key
Stakeholders’ Expectations in the Subway Construction Projects: Studied in MUR Construction
Project, 2018).
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Vuorinen and Martinsuo (2018) studied the influence of stakeholders on projects through their ex-
pectation of project value. They considered the value-oriented reasons for stakeholders to utilize
influence strategies (Vuorinen & Martinsuo, 2018). Derakhshan et al. (2019) reviewed project gov-
ernance literature to extract roles of stakeholders and relationships inside and outside of the organ-
ization (Derakhshan, Turner, & Mancini, 2019). Bahadorestani et al. (2019) provided a framework
to elevate effectiveness of the stakeholder engagement in projects by ranking the potential conflicts
of stakeholders and project management team (Bahadorestani, Naderpajouh, & Sadiq, Planning for
sustainable stakeholder engagement based on the assessment of conflicting interests in projects ,
2019). Yu et al. (2019) proposed a model for analyzing stakeholder conflicts in urban redevelop-
ment projects based on the stakeholder salience theory and Pawlak's conflict theory (Yu, Liang,
Shen, Shi, & Wang, 2019). Baqgeria et al. (2019) proposed a multi-objective model for selecting the
project portfolio that maximizes efficiency and quality and minimizes the risk in project execution

(Bageria, Mohammadia, & Mofrad Gilania, 2019).

Table 1

Summary of research reviewed

Stakeholder analysis in universities
Author

Description

Chapleo and Simms (2010) (Chapleo
& Sims, 2010)

Mainardes et al. (2013) (Mainardes,
Alves, & Raposo, 2013)

Matkovic et al. (2014) (Matkovic,
Tumbas, Sakal, & Pavlicevic, 2014)

Kettunen (2014) (Kettunen, 2014)

Fleaca et al. (2017) (Fleaca, Fleaca, &
Maiduc, 2017)

Hujainah et al. (2017) (Hujainah, Abu
Bakar, Al-Haimi, & Abdulgabber,
2017)

Tran (2018) (Tran, 2018)

Identification, classification and analysis of stakeholders in Portsmouth University,
UK

identifying, classifying and ranking the stakeholders of a university in Portugal

analysis of the curriculum development process and identifying and selecting key cur-
riculum stakeholders

Developing a conceptual map for educational institution stakeholders and use of bal-
anced scorecard

Investigating the relationship between stakeholders and entrepreneurship enhance-
ment in higher education Institutions

Evaluation of stakeholder prioritization and qualification methods

Investigating the reasons for students' skills gap with market needs and its relation-
ship to academic stakeholders

Stakeholders impact in PPM
Author

Description

Chual et al. (2011) (Soh, Chua, &
Singh, 2011)

Beringer et al. (2013) (Beringer, Jonas,
& Kock., 2013)

Davis (2014) (Davis, 2014)
Bahadorestani et al. (2018)
(Bahadorestani, Ghalehnovi, &
Motahari Farimani, Designing a
Model of key Stakeholders’
Expectations in the Subway
Construction Projects: Studied in
MUR Construction Project, 2018)
Vuorinen and Martinsuo (2018)
(Vuorinen & Martinsuo, 2018)
Derakhshan et al. (2019) (Derakhshan,
Turner, & Mancini, 2019)
Bahadorestani et al. (2019)
(Bahadorestani, Naderpajouh, &
Sadiq, Planning for sustainable
stakeholder engagement based on the
assessment of conflicting interests in
projects , 2019)

Yu et al. (2019) (Yu, Liang, Shen, Shi,
& Wang, 2019)

Bageria et al. (2019) (Bageria,
Mohammadia, & Mofrad Gilania,
2019)

the control portfolio in a multi-stakeholder project

studying the effect of portfolio-internal stakeholders on project portfolio success

examination background the project success and stakeholders of projects

a framework to identify project stakeholders and to determine the expectations of key
stakeholders

studying the influence of stakeholders on projects

Reviewing literature of project governance and roles of stakeholders

Conflict management between the project stakeholder

An optimization model for analyzing stakeholder conflicts in urban projects

A multi-objective model for selecting the project portfolio
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4. Methodology and the research steps
The research steps are as follow:

Phase 1: the stakeholders' university analysis
+ Step 1. Identifying stakeholders
» Step 2. Classifying Stakeholders
» Step 3. Identifying key stakeholder requirements (Chapleo & Sims, 2010) (Mainardes,
Alves, & Raposo, 2013) (Soleimanpour & Zehtabchian, 2009)

Phase 2: the stakeholders' university analysis
Model description
e Step 4. Identifying variables and parameters
Step 5. Identifying the objective function
Step 6. Identifying the constraints
Step 7: Formulate the mathematical model
Step 8: Solving the model and the result analysis

Fig. 1 shows the two phases and related steps.

Step 1.
Identifying
stakeholders

ePhase 1

Step 2.
Classifying
Stakeholders

Step 3.
Identifying
key
stakeholder
requirements

Step 4.
Identifying
variables and
parameters

*Phase 2

Step 5.
Identifying the
objective
function

Step 6.
Identifying the
constraints

Step 7:
Formulate the
mathematical
model

Step 8: Solving
the model and
the result
analysis

Fig. 1. Two main phases and research steps of the research
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4.1 Stakeholder identification

Similar lists of universities stakeholders as well as brainstorming were used by some experts of
university under study to identify stakeholders. These experts included a number of faculty mem-
bers, researchers, university administrators and staff. The experts mentioned have assisted the pro-
ject team in gathering information and analyzing the problem. Following similar cases and exam-
ining the status of the university under study, the university stakeholders were listed as follows:
e Faculty Members
Researchers
Staff
Students
Board of trustees
Ministry of Science, Research and Technology
Companies
Scientific associations and research centers (such as science and research towns, science and
technology parks, knowledge-based companies, etc.)
People (neighbors)
Short course applicants
Other universities
e Public interest groups (Water, Electricity and Gas departments, Municipality, ...)
Table 2 shows the university stakeholders in two (2) external and internal stakeholders.

Table 2
The stakeholders of the University under study
Internal stakeholders External stakeholders
. Faculty Members . Ministry of Science, Research and Technology
e  Researchers . Companies
. Staff . Scientific associations and research centers
. Students . Neighbors
e  Board of trustees . Short course applicants
. Other universities
. Public interest groups

4.2. Stakeholder power/interest analysis

One of the most well-known stakeholder management tools is the power/interest matrix (Johnson,
Scholes, & Whittington, 2008). This method was originally invented by Mendelow and completed
by Johnson and Scholes. The power-interest matrix analyzes the following dimensions:

* The interest of each stakeholder group that expresses their expectations of the organization / pro-
ject decisions

» The power of each stakeholder that expresses their ability to influence

Stakeholder positioning in the power-interest matrix is judged on a scale of zero to 10, given their
relative power and their degree of interest in imposing expectations. Stakeholders are classified into
four groups and the strategy of interaction with each is determined.

High power, Low interest Key stakeholders
High
o Keep Satisfied e Manage Closely
Power
Low Low power, Low interest Low power, High Interest
e  Minimum Effort e Keep Informed
Low Interest High

Fig. 2. Stakeholder classification and related strategies in the Power/Interest matrix
(Johnson, Scholes, & Whittington, 2008)
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The two criteria of power and interest in this article are defined as follows:

e Power: the ability to influence internal or external stakeholders according to reasons such
as status, specialty and resource

e Interest: pursuit of the results of the organization with regard to matters such as economic
interests, legal rights, maintaining the current situation, obtaining socio-political status, etc.

Table 3
Scores of power and interest for the university stakeholders
Power Interest
Very high High Medium Low ‘lsv'v" }““g']:' High Medium Low Very low
5 4 3 2 1 5 4 3 2 1
Faculty Member N N
E Researchers v <
S Staff \ \/
&  Students v \
Board of trustees v v
Ministry of Science, Research o N,
and Technology
Companies and Industries v \
g Scientific associations and re- A N
@ search centers
é Neighbors \/ \/
- Short course applicants \/ \/
Other universities ~ ~
Public interest groups v \

According to scoring, stakeholder positioning is performed in the power-interest matrix. The inven-
tion of this matrix is referred to Mendelow, and hence it is also known as the Mendelow's Matrix
(Walters & Kitchin, 2009).

*Ministry of Science | *Board of trustees
*Faculty members
*Companies
*Researchers
*Public Interest
Groups

19mod
w

*Students

*Applicants * Staff
*People (Neighbors)
*Other universities *scientific

associations

1 2 3 a4 5

Interest

Fig. 3. Positioning of university stakeholders on the power-interest matrix

The classification of the university stakeholders based on the interest-power matrix will be as fol-
lows:

First category: the stakeholders with High power - High interest

These stakeholders, also known as main or key stakeholders, or key actors include:
e Board of trustees
e Faculty members
e Researchers
e Ministry of Science, Research and Technology
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Second Category: the stakeholders with High power - Low Interest

The following stakeholders are considered:

Companies
Public Interest Groups

Third category: the stakeholders with Low power - High interest

Stakeholders in the third category include:

Students

Applicants

Staff

Scientific associations and research centers
Other universities

Fourth category: the stakeholders with Low power - Low interest

These stakeholders, called minor stakeholders, include People (Neighbors).
The following figure shows the categorization of university stakeholders into four quadrants of
the power-interest matrix.

Key stakeholders' expectations and requirements

At the university under study, the aim is to arrange a portfolio of research and educational projects.
For this university, both the teaching and research missions are important, and not just the educa-
tional mission. Now, given the needs and expectations of key stakeholders, it is necessary to adjust
the portfolio of colleges' educational and research projects. The goal is to determine the portfolio
of each college's research, educational and training projects (and activities) to maximize the benefits
of the projects’ portfolio. To accomplish this goal, a mathematical model has been developed. For
the next steps of the research, it is necessary to consider the expectations and needs of key stake-
holders. In this study, we focus only on portfolio project requirements and expectations, such as
expectation to earning income, capacity constraints (person-hours), cost of research projects by fac-
ulty and researchers, and minimum and maximum student acceptance capacity. These expectations
and requirements are as follows:

The Board of Trustees has obliged the manager of the College to earn income as much as
possible. Of course, some college expenses will be offset by the board of trustees.

The Ministry of Science obliges the College not to exceed the number of students admitted
each year. Also, for this, a minimum number is set.

The annual capacity (person-hours) of faculty and researchers for research, educational
and training projects is limited.

The cost of conducting research projects by faculty and researchers varies.

The following table shows these expectations and needs of key stakeholders.

Table 4
Four key stakeholders' expectations and requirements

Expectations/Requirements

Revenue Cost Time / capacity Number of

stakeholder constraint students
Board of trustees * == _— _—
Ministry of Science, Research and Technology _— —_— —_— *
Faculty Members = * * _—

Researchers _— * * _—
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Model description

The main purpose of this mathematical model is to maximize the benefit of the College's research
and training projects. In addition, constraints related to the expectations and requirements of key
stakeholders should be considered. The assumptions of the proposed mathematical model are as
follows:

The cost of doing all the projects is the same as their income.

The capacity of faculties and researchers to conduct projects and activities is limited.
The Ministry of Science will pay a fee to the college annually for each student.

College students are admitted to the Master of Science (M.Sc.) only, and each student is
assigned to a faculty member as a supervisor.

Only one person will conduct each research project.

e The cost of doing a research project by a faculty member and researcher varies. This
concerns the per-hour pay gap between faculties and researchers.

Identifying variables and parameters

The parameters of this model are as follows:

Ruq4 Incomes from any research project
Chd—fa The cost of conducting each research project by a faculty member
Chd—re The cost of any research project by researchers

Cs Annual costs per student

R, Annual income of each student (paid by Ministry of Science)

Cstc The cost of running any short term

Rste Income from running any short term
PNCs, Person-hours per year required for each research project by each faculty member
PNC,e Person-hours per year required for each research project by each researcher
SNCr, Person-hour required annually for each student by each faculty member
STC Person-hours required annually to participate in a short course run by each faculty

fa member

Person-hour required annually to participate in the implementation of a short-term

STCre course by each researcher
N¢, Number of faculty members
Nie Number of researchers
THg, Total person-hours per year per faculty member
TH Total person-hours per year per researcher
< Minimum number of students admitted (Ministry of Science Restrictions)
B Maximum number of students admitted (Ministry of Science Restrictions)
0 Minimum number of short-term courses performed annually (Board of Trustees)

The variables of proposed model are as follows:

Xhd—fa Number of research projects to be carried out by faculty members
Xnd—re Number of research projects to be carried out by researchers

X Number of eligible students per year

Xete Number of short-term courses per year

Identifying the objective function

The objective function of the model is to maximize the total annual profits of the college by taking
into account the difference between the incomes and costs of doing research projects, the annual
student acceptance, and the implementation of short-term courses. Based on the combination of
parameters and variables, the objective function can be written as follows:

max (Rnd - Cnd—fa)'xnd—fa + (Rnd - Cnd—re)'Xnd—re + (Rs - Cs )'Xs + (Rstc - Cstc)-Xstc
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Identifying the constraints

The model limitations include:

* The first constraint is the capacity limitation (annual person-hours) of faculty members to
undertake research projects, annual student admissions, and short-term courses. This
restriction can be displayed as follows:

PNCa Xpg—ga + SNCa. Xs + STCra. Xgre < THpa. Ny

* The next constraint is the capacity limitation (annual person-hours) of researchers to
undertake research projects and to run short-term courses. This restriction is written as
follows:

PNcre'Xnd—re + STCre- Xstc < THye-Nye

*  Other constraints are the minimum and maximum number of students admitted annually by
the Ministry of Science. These two constraints are illustrated by the following equations:
x < Xg

Xs <B

* The last constraint is the requirement for colleges to run a minimum number of short-term

courses per year. This restriction is obligated by the Board of Trustees (the following
formula):

Xste 2 0
Formulating the mathematical model

Finally, putting together the objective function and the constraints, the proposed mathematical
model will be as follows:

max (Rnd - Cnd—fa)'Xnd—fa + (Rnd - Cnd—re)'Xnd—re + (Rs =G )'Xs + (Rstc - Cstc)-Xstc
subject to

PNC¢,. X g—fa + SNCga. X + STC,. Xgie < THg,. Ny

PNCie. Xpg—re T STCre- Xstc < THye.Npe

x<Xs; <f

Xste 2 0

Xnda Xs, Xste = 0

Solving the model and the results analysis

The proposed mathematical model, based on current college information, is solved by Lingo soft-
ware (version 14). The following table shows the values of the parameters and the results of the
solution and the amount of decision variables.

Table 5
The information of the parameters
Rnd Cnd—fa Cnd—re Cs R Cstc Rstc THea * 10
20 16 13 2 4 20 16 1150

B 20
PNC;;, PNC, SNCr,  STCq  STCpe Ne, Ne  THpe

300 300 150 150 150 5 10 1000 0 2
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Table 6
The results of solving the model by Lingo software
Variable Value
X-NDFA 11
X-NDRE 37
XS 10
XSTC 2
Objective value: 332.0000

Global optimal solution found

The model solution results show how to maximize college profit (expecting trustees as a key stake-
holder) and, of course, in line with the constraints of three other key stakeholders (faculty members,
researchers and the Ministry of Science):

* College researchers must do 37 research projects
* Faculty members need to do 11 research projects
*  Admitted students must be ten (10)
* Two short ime courses are required

As can be seen from the results, because of the increased benefits of doing research projects, the
proposed mathematical model allocates a large part of the capacity of faculty and researchers to
research projects and the number of students admitted and the proposed short-term courses are set
to the minimal level based on compliance.

5. Conclusions

In this paper, a mathematical model has been developed to simultaneously address the expectations
and the requirements of four key stakeholders, with the help of this model, while expecting the
board of trustees to be a key stakeholder and maximizing college profit. In order to manage the
conflicts between key stakeholders, it is necessary to respect the constraints of other key stakehold-
ers (faculty members, researchers and the Ministry of Science) so that their satisfaction is as much
as possible. Based on the results of the mathematical model, the faculty administrator cannot expect
to run a large number of research projects and short-term courses simultaneously, as well as to
accommodate a significant number of students, regardless of the capacity limit (person-hours) of
their faculty and researchers. The results of this study can help university managers make decisions
and create strategic plans. Another important point is that this study should be repeated every few
years as the conditions, requirements and expectations of the university stakeholders may change.
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