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Abstract: Asset management (AM) focuses on the life cycle of assets and provides a systematic
process for developing and maintaining an organisafion’s assefs using a set of asset-
related planning and confrol activities. Chiang Mai University (CMU) is a public university in
Thailand founded in 1964. The university was the first provincial university in Thailand and aims
to be the university of prototyped innovation for sustainable development in communities.
CMU’s AM planning process is a crifical aspect of its mission to develop the university. This study
developed an asset management framework (AMF) based on IDEFO functional modelling — a
modelling process that facilitates the decisions, actions and activities of an organisation or
system. Moreover, the study used an analytic hierarchy process (AHP) fo perform pairwise
comparison, produce matrices and calculate priorities for CMU’s assets. The researchers
employed a strengths, weaknesses, opportunities and threats (SWOT) analysis to evaluate the
organisation’s competitive position and support its strategic planning. This study presents the
resulting of CMU’s AMF (AMF-CMU), the development of which confributed fo prioritising and
managing the university’s assefts.

Keywords: Asset management framework, Analytic hierarchy process, IDEFO functional
modelling, Asset development, Chiang Mai University

INTRODUCTION

Due fo the increasingly elaborate industry-related procedures, there is an ever-
growing demand for assets and processes to be sustainable across their entire life
cycles (Niekamp et al., 2015). Management’s function is to coordinate people’s
efforts o accomplish goals based on the efficient and effective use of available
resources. This involves planning, organising, monitoring and controlling all aspects
of a project, and motivating people to achieve project goals (Sjekavica and
Radujkovi¢, 2017). Management can relate to diverse scenarios, including property
management, facilities management and asset management (AM).

Nowadays, the development of assets plays a crucial role in strategy
formulation and to be effective, certain AM systems, activities, relationships and
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mechanisms need to be managed adequately within an organisation. An AM
system, as a collaborative control system that crosses organisational levels, can be
infegrated with an enterprise system (El-Akruti and Dwight, 2013), but this process
has never been well understood within organisatfions; therefore, AM needs to
become a recognised discipline within organisations (El-Akruti, Dwight and Zhang,
2013).

AM means operating a group of assetfs across their life cycles, guaranteeing a
reasonable return and ensuring defined service and security standards (Schneider
et al., 2005). It is a systematic process that focuses on controlling the development,
operation, maintenance, upgrading and disposal of assefs in the most cost-
effective manner possible and evaluating the risks and performance attributes
of those assets throughout their life cycles (Campelo et al., 2016; El-Akruti, Dwight
and Zhang, 2013; Visser and Botha, 2015). Its activities have significant potential to
influence all aspects of an asset’s life cycles (Campelo et al., 2016; El-Akruti, Dwight
and Zhang, 2013; Visser and Botha, 2015). Most research on AM has focused on
service delivery and AM's potential to support the management of risks and costs
(AMC, 2007; 2010; Government of South Australia, 1999).

The Institute of Asset Management (IAM) which based is in the UK, is a
relatively new body that aims to support professionals engaged in strategic and
tactical aspects. The IAM recently published a framework defining the IAM body
of knowledge and a process for conducting pilot studies to develop a certification
and assessment programme (Lloyd, 2010; IAM, 2006). The IAM defines the goal
of AM as "a fechnical activity focused on managing and maintaining assefs to
achieve a desired and sustainable outcome”, which has prompted researchers
to develop efficient AM programmes (El-Akrufi and Dwight, 2010; Niekamp et al.,
2015; Ouertani, Parlikad and McFarlane, 2008). In fact, AM isrecognised as involving
highly diverse knowledge, and as such, it is becoming increasingly popular for
driving further economic growth (Visser and Botha, 2015). Most of the literature on
AM has concentrated on asset management frameworks (AMFs), which are used
to assist in the development of formal corporate approaches to identifying AM
requirements. An AMF is a systematic approach fo managing AM activities and
practices throughout an organisation or business (Hale et al., 2008).

Since an AMF establishes clear links to various AM functions, it requires
significant, specialised planning and management expertise. Effective AM involves
planning based on an integrated organisational structure and appropriate
allocation of resources (Hale et al., 2008). In recent years, a determined effort by
those working in the field has resulted in the development of a formal approach
to AM systems, knowledge and education. AM has therefore gained considerable
momentum and interest in academia and industry for the development of business
processes and as a discipline (El-Akruti, Dwight and Zhang, 2013), leading to the
publication in 2014 of the International Organization for Standardization’s (ISO)
55000 series of AM standards. The first real effort fo develop a comprehensive
framework for AM specifications was a Publicly Available Specification (PAS 55)
(AMC, 2010), published by the British Standards Instituition (BSI). The AMC also
compiled an asset management body of knowledge, AMBOK (BSI, 2008), which
supported comprehensive AMF and the best practices as a subset of the broader
AM discipline. Based on analytical decision support, multicriteria decision analysis
can address a variety of concerns by providing methodologies that can be used to
evaluate all AM options, as well as to identify and rank them in order of preference
(AMC, 2010; Bertolini, Braglia and Carmignani, 2006; Mahdi and Alreshaid, 2005).
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Chiang Mai University (CMU) aims to be a “green and healthy university”
and has infroduced "CMU fransformation” to encourage educational reform,
promote lifelong learning and become the university of prototyped innovation for
sustainable development in communities (CMU, 2019). To promote and innovate
learning environments, one of CMU’s most significant responsibilities is to provide
and manage a safe and healthy environment for the university community and
the required assets for its students and staff; thus, the planning and development
of university assets is a critical aspect of the development of CMU's administration
and management system. CMU’s AMF (AMF-CMU) was developed to fulfil this goal
by allowing the university to keep frack of all assets, ensure efficient operations and
understand its assets’ capabilities.

This study brings together the key concepts relating to AM in organisations,
based on the IDEFO functional model theory. The IDEFO functional model offers
a structured representation of functions, actions, activities, processes and
decisions in modelled systems, providing planning opportunities and facilitating an
understanding of and a means to access knowledge assets in organisations.

Assets’ capabilities are deeply anchored in the confinued solvency of
organisations and industries; therefore, AM must be a priority for all sectors or
industries, including the education sector. Current assets generally consfitute a
significant component of an organisation’s total assets, and for some organisations,
AM can improve their financial performance. The current understanding of what
contributes to knowledge assets in organisations, especially in universities, is still
limited. Anotherimportant gap identified in the literature is that, despite the growing
number of studies on AM, little research has been conducted on AM in universities
in developing countries.

Consequently, this study aimed to close these gaps by identifying and
evaluating CMU's existing assets and developing an AMF based on IDEFO
functional modelling. The IDEFO functional planning model was used to model the
organisation’s decisions, actions and activities and develop an AMF. An analytic
hierarchy process (AHP) technique was used to produce pairwise comparison
maftrices and calculate the priorities for its assets. A strengths, weaknesses,
opportunities and threats (SWOT) analysis was employed to evaluate CMU's
competitive position and enhance its strategic planning. This study presents the
development of the AMF-CMU, which contributed to prioritising and managing the
university’s assefs.

LITERATURE REVIEW

This section reviews approaches for infegrating AM with IDEFO functional modelling
and SWOT analysis. First, it presents the concept of AM and its social and economic
evolution in organisations. IDEFO functional modelling continues to be crucial for
representing functions, actions, activities, processes and decisions in organisations
and SWOT analysis focuses on critical issues that influence a firm'’s strategy and
business development; thus, this research employed an integrated approach
combining AM fo develop a framework based on IDEFO functional modelling and
SWOT analysis. Finally, the section reviews actions, activities and critical issues that
were relevant to the development of an AM framework.

PENERBIT UNIVERSITI SAINS MALAYSIA/135



Achara Khamaksorn et al.

Asset Management

The concept of AM has evolved in recent decades to support social and
economic development (Grinstein-Weiss, Curley and Charles, 2007). Building
asset management (BAM) has been studied for many decades, since assets often
relate fo natural resources, land, plant, equipment, heritage and cultural assets,
building structures or other forms of infrastructure; although financial information,
human resources and intellectual property are notable exceptions. Some studies
have developed building asset policies to improve various aspects of household
security, including resources, knowledge and functional skills (EI-Akruti, Dwight and
Zhang, 2013; Grinstein-Weiss, Curley and Charles, 2007; Hegazy et al., 2012; Macchi
et al., 2018). The term AM is often associated with financial investment. Building
components, such as roofs, windows, boilers, elevators and landscaping require
significant investment and BAM is a process and decision-making framework that
covers the full-service life of such physical assets from cradle to grave (Campelo
et al., 2016; El-Akruti, Dwight and Zhang, 2013; Grinstein-Weiss, Curley and Charles,
2007; Visser and Botha, 2015). A building’s life cycle involves a series of stages
and sustaining the operation of existing buildings is a highly challenging task,
particularly in view of fight budgets for capital renewal. Various AM tools have also
been infroduced to enable building asset managers to make difficult decisions
about how and when to repair/renew their existing building stock (Hegazy et al.,
2012). Numerous publications have explored effective maintenance approaches
(Chu, Leung and Sculli, 2008; Grinstein-Weiss, Curley and Charles, 2007; Koksal and
Ozdemir, 2016).

Effective AM enables building managers fo identify the need for repairs
and renewals and to provide stakeholders with accurate, up-to-date information.
They can obtain important asset information, which enables them to make
critical decisions regarding the evolution of their building stock using life cycle
costing principles based on acceptable levels of risk (Carlucci and Schiuma,
2007; Farghaly et al., 2018; Gerbasi, 2005). Asset managers are responsible for
the integration of asset planning, budgeting, reporting and monitoring as part
of the overall management processes within their organisations (Macchi et al.,
2018). An integrated approach may involve consultation with central agencies
and coordinated reporting, and the benefits of such an approach may include:
(1) Criteria and standards for the ownership and management of assets, (2)
Strategies and processes for procurement, maintenance, disposal and risk
management, and (3) Priorities for allocating resources for AM.

IDEFO Functional Modelling

The purpose of this study was to identify and evaluate CMU’s existing assets and
develop an AMF based on IDEFO functional modelling. IDEFO functional modelling
produces a structured representation of functions, actions, activities, processes and
decisions in modelled systems and organisations (Grover and Kettinger, 2000). An
IDEFO functional model was used to configure the organisation’s decisions, actions
and activities and to represent its activities and processes in an organised and
standardised manner. A functional model consists of a series of hierarchical schemes
of interrelated functions, data and objects; hence, it was an ideal research method
forrepresenting organisational management activities and processes and focusing
on inputs, controls, outputs and mechanisms (ICOMS) (Akasah, Amirudin and Alias,
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2010; Bargelis and Stasiskis, 2008; Godlevskyi, Orlovskyi and Kopp, 2018). IDEFO is
used to produce a functional model that can represent a wide range of businesses
in the manufacturing industry by illustrating the flow of data, functional flows and
system conftrols in a life cycle process. It has been defined as a set of activities that
takes certain inputs and fransforms them intfo outputs using mechanisms that are
subject to certain confrols. These ICOMS can be used to model the relationships
between various activities. Figure 1 shows the IDEFO model used in this study.

Control

input — |  FuNction Name P output

Function
Number

Mechanism

Figure 1. Input—process—output paradigm

Grover and Keftinger (2000) and Koskela (1992) described information/knowledge
content and processes as a combination of flow processes that can be identified
using the IDEFO function modelling approach. An IDEFO functional model, for
example, can model a flow of data relating to activities and mechanisms that
provide planning opportunities and facilitate an understanding of knowledge
assets in organisations. Therefore, the AMF for this study was developed based on
the IDEFO functional modelling method.

SWOT Analysis

An analysis of the business environment is extolled as a fundamental part of strategic
planning processes. A SWOT analysis is a commonly used tool for analysing external
and internal environments simultaneously to provide a systematic approach and
support for decision-making. SWOT analysis is highly recommended for its simplicity
and value in focusing attention on critical issues that affect business development
and growth. If, therefore, has potential as an effective tool for identifying the
factors that are likely to influence a firm's strategy and success. SWOT analysis is
not merely a static analysis tool that helps generate an understanding of business
activities as it can also play an active role in the management process, facilitating
management development. It is therefore a valuable management tool that
can be easily absorbed with good effect into the realities and practicalities of an
organisation’s existing planning and strategy formulation processes.

A SWOT analysis can be used fo assess the strengths and weaknesses
of organisations and the external influences and threats that can affect their
operations. It is mostly used for the fundamental identification of the current
state of a firm and it summarises the basic factors influencing the effectiveness of
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organisational activities and affecting the achievement of goals (Bambuch, 2013).
Djurkovic (2012) pointed out that SWOT analysis is a descriptive method used for
the designations of the strategic planning of a certain industry. Furthermore, SWOT
analysis helps organisations understand their statuses and gives them visibility of
their overall business performance.

This term correlates well with Omer’s (2019) study, which stressed the
important role of SWOT analysis in the strategy planning of organisations. SWOT
analysis gives a clear picture and helps a business analyse ifs strengths, weaknesses,
opportunities and threats; understand and better penetrate the market; and meet
business targets. SWOT analysis, therefore, helps to establish links between strengths,
weaknesses, opportunities and threats and show how well the business is operating.

Based on a review of the BAM, AM, IDEFO functional modelling and SWOT
analysis literature, it is worth highlighting that AM has been recognised as a
mechanism and process for planning and managing the criteria and standards
necessary to manage assets and allocate resources for AM. Also, IDEFO functional
modelling and SWOT analysis help organisations make decisions and develop
their strategic planning, based on the framework that combines activities and
flow processes, and focus aftention on critical issues, such as those affecting asset
development at CMU.

RESEARCH DESIGN AND METHODOLOGY

The critical factors of AM identified from the literature review were used to design
a questionnaire for collecting quantitative data from building managers, staff and
students. The quantitative questionnaire included key factors and was based on a
mulficriteria decision-making fechnique (an AHP). IDEFO functional modelling was
used to determine and represent how functions, actions, activities, processes and
decisions in CMU could be managed and to identify the factors that could affect
the development of an AMF. This approach was taken to achieve the aims and
objectives of the research, as illustrated in Figure 2.

* The key * AHP Analysis * An Asset
factors of « SWOT Management
asset Analysis Framework
management « Developing a for CMU

* Questionnaire framework
survey and using IDEF0
interview Functional
with Modelling
participants

Figure 2. Research framework
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Figure 2 shows the development of the research methodology framework
used in this study. This framework was divided into three main sections. To develop
the AMF-CMU, the key factors of AM were identified from the literature review and
a questionnaire survey. The research was based on a combination of quantitative
and qualitative data. The quantitative data for the AHP analysis were collected
from questionnaires, whereas the qualitative data relating to key concepts were
collected from face-to-face interviews with building managers, faculty, staff and
students across CMU to analyse the SWOT of the CMU case study. A SWOT analysis
of the responses to the qualitative questions indicated strengths, weaknesses,
opportunities and threats. Strengths characterised the advantages of the university
assets; weaknesses identified the disadvantages relative to others; opportunities
represented factors that the university could exploit to its advantage; and threats
showed the elements in the environment that could cause problems for the
university's assets. SWOT identfification was an important step for gaining information
fo plan and achieve the university's goals, and the AMF was developed based on
the key factors and functions of IDEFO functional modelling.

AHP technique is a multicriteria decision-making fechnique proposed by
Saatyin 1976 (Al-Harbi, 2001; Dikmen and Birgonul, 2006). An AHP requires a pairwise
comparison for each criterion, including arelative weighting of itsimportance at the
data-entry stage (Ho and Ma, 2018; Ngai and Chan, 2005; Tanaka et al., 2010). The
decision-maker provides relative judgements about the scoring of the alternatives
for each criterion, such as “Alternative A is much better than Alternative B”, and
the weighting of the criteria against each other, such as "“Criterion A is slightly less
important than Criterion B”. A comprehensive framework is suitable when people
make multi-objective, multicriteria and multi-actor decisions with or without being
certain of any number of alternatives. The hierarchy chart for the decision-making
and calculations is shown in Figure 3.

X! 1 2 3 X' 1 2 3  Weight
1 1 I 1 A W
B /A | 127 2 B w
3

1/B 1/C 1 ISEN E23 1 83 W3
i = 1/(1+(1/A) +(1/B)) <k = B/(B+C+1)
12' N (/A)Y(1+H1/A) +(1/B)) 32! = C/(B+C+1)
13 = (1/B)/(1+(1/A) +(1/B)) 33 = 1/(B+C+1)
21" = A/(A+1+(1/C)) Wi = (117°+21’+31°)/n
22' = T(A+1H1/C)) W2 = (12°+22°+32")/n
23' = (HCUA+I+(1/C)) W3 = (13'+23’+33’)/n
n = Number of factors 1,2and 3 = Factor

Figure 3. Hierarchy chart and calculations for decision-making

Conditional values are derived from a pairwise comparison in an AHP because the
derived value foreach elementrelates to the other values with which itis compared.
Comparative matrices are constructed to define the pairwise comparison, allowing
consistency ratios to be calculated as a control measure. In this way, decision-
makers can later understand whether the evaluations are consistent (Saaty, 2000;
2004; Saaty and Ozdemir, 2003). Determining the level of the decision using an

AHP to compare “importance”, “weight” and “choice” can lead to a successful
evaluation of important criteria.
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The calculation table for the AHP analysis was used to evaluate the AM
criteria. Qualitative in-depth interviews based on an interview schedule were used
to collect empirical evidence to supplement the questionnaire survey findings.
The interview schedule was designed with open-ended questions to enrich the
qualitative data regarding the criteria for the management of existing assets.
Moreover, a SWOT analysis was conducted to determine the strengths, weaknesses,
opportunities and threats relating to the assets. The outcomes of these approaches
were then comprehensively analysed to develop the AMF-CMU. The questionnaire
was divided into three main parts. The first part was designed to collect the
background information of the respondents, the organisation and the existing
assets of CMU. The second part of the questionnaire survey was designed fo map
the management of the existing buildings and their renovation and management,
together with criteria for improving the environment and infrastructure using an
AHP technique. In this partf, the data were analysed using an AHP technique to
measure the levels of the decisions and then evaluate and rank the importance
of the criteria by comparing them to find the weight of each choice. The AHP
technique considered information about the management of the buildings and
facilities, the criteria for comparing the building renovation and management, and
the criteria for comparing the university’'s environment and infrastructure. It was
also used to measure the level and priority of the direction of the assets. Finally, the
third part of the questionnaire contained open-ended questions to analyse the
stfrengths, weaknesses, opportunities and threats relating to CMU's existing assets.

DATA ANALYSIS AND FINDINGS

This section presentstheresearch findings based on an analysis of the collected data.
It contains four subsections: (1) Background and information of the respondents,
(2) AHP technique, (3) SWOT analysis and (4) Development of the AMF-CMU.

Background and Information of the Respondents

Based on the responses to the questionnaire survey, 86% of the respondents were
from the faculty, 8.00% were from the colleges and 6% were from the graduate
school. Moreover, the findings revealed that 26% were lecturers, 16% were
administrative staff, 26% were students, 26% were building managers while 6% did
not specify their job positions. These details are shown in Table 1.

Table 1. Backgrounds and information of the respondents

General Information of Respondents Quantity (n) %

Organisation

Faculty 86 86
College 8 8
Graduate school 6 6
Total 100 100

(Continued on next page)
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Table 1. (Continued)

General Information of Respondents Quantity (n) %
Position

Lecturer 26 26
Administrative staff 16 16
Student 26 26
Building manager 26 26
Unspecified 6 6
Total 100 100

AHP Technique

The AHP technique was used to provide the guidelines for the level and priority of
the planning, maintenance and acquisition of assets from an AM perspective. The
results showed that the “Acquisition of assets” required the highest level of decision-
making, with a score of 0.465, followed by the "Maintenance of assets” (0.324) and
“Planning of assets” (0.212). Table 2 indicates that the acquisition of assets was the
first-ranked feature from an AM perspective.

Table 2. Comparison matrix from an AM perspective

Weight of the Decision
No. AM Perspective

Max. Min. Average Rank

1 Planning of assets 0.633 0.052 0.212 3
Maintenance of assets 0.738 0.083 0.324 2
Acquisition of assefs 0.748 0.065 0.465 1

The findings shown in Table 3 indicated the weight of the main features from an
AM perspective. From the perspective of planning of assets, *Planning” was the
most important criterion for decision-making with a score of 0.489, followed by
"Effectiveness and efficiency” (0.315) and “Users’ criteria” (0.195), respectively. In
terms of the maintenance of assets, “Supervision and inspection of the building's
utilities” was the most important criterion for decisions, with a score of 0.432, followed
by “Maintaining and monitoring the building’s systems™ (0.292) and “Supervision
and inspection of the areas of the building” (0.275). Moreover, the most important
criterion for decisions from the perspective of acquisition of assets was “Classrooms/
laboratories” with a score of 0.344, followed by “Research and academic services”
(0.337). By contrast, the least important criterion was the “Students’ activity areas”
(0.319).
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Table 3. Comparison matrix for the criteria from an AM perspective

Weight of the Decision

AM Perspective Criteria

Max Min Average Rank
Planning 0.750 0.052 0.489 1
Planning of Users’ criteria 0.716 0.052 0.195
assefs Effectiveness and 0.711 0.068 0.315 2
efficiency
Supervision and 0.767 0.052 0.275 3

inspection of the
building's areas

Supervision and 0.778 0.052 0.432 1
inspection of the

building’s ufilities

Maintaining and 0.685 0.072 0.292 2
monitoring the

building's systems

Classrooms/ 0.765 0.053 0.344 1
laboratories

Acquisition of Students’ activity 0.729 0.059 0.319 3
assets area

Research and 0.778 0.057 0.337 2
academic services

Maintenance
of assets

According to Tables 2 and 3, it was clear that the acquisition of assefs was the
most critical factor in managing CMU'’s existing assets. The respondents indicated
that classrooms and laboratories were the most critical assets, followed by research
and academic services and students’ activity areas. The likely explanation for
this finding is that classrooms and laboratories are essential for the university’s
operations. This result was consistent with that of Forneris, Camiré and Williamson
(2015), who pointed out that the acquisition of assefs relies on examining and
facilitating the participation of students, especially in classroom and laboratory
learning environments in the 21st century. The development of a classroom and
laboratory learning environment affects students’ motivation for learning and
influences their developmental outcomes and engagement. This result correlated
well with Karpudewan and Meng’s (2017) research, which found that the learning
environment is an imporfant construct influencing students’ attitudes. This result
suggests that educational insfitutions should seriously consider developmental
assets to encourage and support students and facilitate the development of the
21st-century skills.

SWOT Analysis

The previous subsection explained that classrooms/laboratories were identified
as the most critical factors that needed to be managed by CMU. Abdel-Basset,
Mohamed and Smarandache (2018) used a SWOT analysis to achieve an orderly
approach to decision-making. It is a robust methodology for making accurate
decisions, used by managers to construct successful strategies by analysing the
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stfrengths, weaknesses, opportunities and threats for the organisation and thus
select and implement the best method for achieving organisational goals (Abdel-
Basset, Mohamed and Smarandache, 2018; Lee et al., 2011).

The data collection involved interviews with key actors from different faculties
using open-ended questions. The interviewees were briefed on the background of
the research topic. They were also briefed on the framework adopted to analyse
AM in this study. A summary of the data derived from interviewing the main actors
regarding the SWOT analysis of the assets (buildings and facilities) is shown in
Table 4.

Table 4. SWOT analysis of the CMU’s assets (based on interviews)

Strengths (S) Weaknesses (W)

1. A beautiful natural environment around 1. The numbers of the buildings/units are
the area of the university. inconsistent.

2. Insufficient space inside buildings
compare to the number of users.

3. The faculties do not focus sufficiently
on the planning, maintenance and
management of the buildings, physical
environment and landscape.

Opportunities (O)

Threats (T)

1. Certain faculties currently have
many buildings. They can leverage

. The rate of depreciation of the property

value of the buildings needs to be

investments in the management area calculated.
or existing property to generate future

revenue for the university.

2. Certain buildings in CMU that are 40
years old or more are considered
valuable architectural buildings; hence,
they are worth preserving.

3. CMU has sufficient capacity o develop
and create an environment and
facilities to cater for everyone (i.e.,
design for all).

According to Table 4, the natural environment around the university was considered
a strength and a high-value university asset. Moreover, respondents indicated that
most of the existing CMU assetfs were important assets that should be preserved
and developed to cater for everyone. However, the numbers of buildings were
inconsistent and the faculties did not focus sufficiently on the planning, maintenance
and management of the buildings; hence, CMU should engage in decision-making
tfo develop and sustain this university asset. The empirical findings align with those of
Bambuch (2013), Djurkovic (2012) and Omer (2019), who argued that SWOT analyses
influence organisations, helping them to understand their statuses and gain visibility
of their overall business performance. Moreover, SWOT analysis can facilitate better
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market penetration fo meet business targets. This finding emphasises the need for
the university to pay atftention fo SWOT analysis to understand and establish its
strengths, weaknesses, opportunities and threats.

Development of AMF-CMU

Based on the evidence from the AHP and SWOT analysis presented and discussed
in the previous subsection, the AMF-CMU was further developed to enhance
CMU’s sustainable development, AM strategic planning, control of planning assets,
maintenance of assets, acquisition of assets and mechanisms.

It was evident that the significant criteria regarding CMU's assets, determined
from the literature review, the results of the AHP and the SWOT analysis would help
in developing an AMF for the university; hence, IDEFO-type notation was used to
identify the three main parts of the framework. The researchers developed an AMF-
CMU containing the significant controls and mechanisms discussed in this article.
Further details of the development of the AMF-CMU are provided, as shown in
Figure 4.

(CONTROLS/CONSTRAINS)
Maintenance Assets
(The supervision Acquiring Assets
Planning Assets and inspection of (The Classroom/
(Planning) the building's Laboratory)
utilities)

(INPUT)
CMU Sustainable
Development and
CMU Asset
Management
Strategicand
Planning

(OUTPUT)
“Performance of CMU
Asset Management "

(MECHANISMS)

The Building user’'s manual Knowledge Management System
(KMS) of Buildingsand facilities

Figure 4. Overview of the AMF-CMU

Figure 4 shows that the AMF-CMU, which was based on the inputs, processes
and outputs identified from the prior literature, related to the CMU's sustainable
development and AM strategic planning. This framework not only included the
fundamental mechanisms that influenced the AMF-CMU, which should be noted,
but also paved the way for future research aiming fo identify the key factors that
influence decision-making in a university. This outcome was consistent with that of
Grover and Kettinger (2000), who found that IDEFO functional modelling effectively
represents the functions, actions, activities, processes and decisions in modelled
systems and organisafions. Bargelis and Stasiskis (2008) and Godlevskyi, Orlovskyi
and Kopp (2018) also claimed that IDEFO functional modelling effectively represents
the activities and processes of organisational management. As a result, IDEFO
functional modelling was deemed to be an ideal research method for representing
the activities and processes of organisational management in an educational
institution and for modelling the relationship between various activities.
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DISCUSSION

The aim of this study was to identify and evaluate CMU's existing assets and develop
an AMF based on IDEFO functional modelling. An IDEFO functional planning model
was used fo model CMU's decisions, actions and activities and develop an AMF.
AHP technique was used to produce pairwise comparison matrices and calculate
the priorities for CMU’s assets while SWOT analysis was used to evaluate the
university's competitive position and to develop its strategic planning.

AHP techniques and SWOT analysis were used to identify the critical factors
affecting AM. The first objective was achieved by reviewing CMU’s current AM
system according to its five-fold major mission, the results of an AHP technique
and SWOT analysis, and information derived from a questionnaire and in-depth
interviews. The results showed that the acquisition of assets required the highest
level of decision-making, followed by the maintenance and planning of assets. The
likely explanation for these findings is that acquisition of assets was the first-ranked
feature from an AM perspective. This result correlated well with the research of
Chu, Leung and Sculli (2008), Funk (2003), Grinstein-Weiss, Curley and Charles (2007)
and Koksal and Ozdemir (2016), who discussed how organisations can acquire
assets and take a practical approach to maintenance management. Acquisitions,
investments and a practical method of maintfenance management can provide
slight information advantages for obtaining preferential access to complementary
assets.

It was clear from the data gathered in this study that the acquisition of assets
was the most essential factor for managing the existing assets of the university. The
management of classrooms/ laboratories was essential, followed by research and
academic services and the students’ activity areas. The likely explanation for these
findings is that classrooms and laboratories are necessary for the university. Previous
research on educational communities and the capacity of the institutions to
establish educational communities, such as Zainea's (2009) research, has suggested
that students are likely to persist and learn when the institution provides needed
academic support, in particular in the classrooms, laboratories and studios on
campus. The empirical findings align with those of Tinto (2009), who found that the
classroom might be the only place where students meet each other and engage
in formal learning activities. Therefore, this finding emphasises that classrooms and
laboratories are crucial for students and for shaping the learning activities in the
classroom and laboratories.

Also, SWOT analyses could be used as the basis for further evaluation of AM,
which corresponds with Dyson's (2004) and Luo and Qin’s (2012) research proposing
that SWOT analysis is one of the most effective tools for assessing strategic situations
and formulating and identifying strategic options for a university. Moreover,
Grover and Keftinger (2000) indicated that IDEFO functional modelling represents
organisations’ functions, processes and decisions. IDEFO models helped this study
to develop an AMF to model the quality of collaborative processes and guide the
reengineering process.

According to the findings and an overview of the AMF, CMU should adjust
its educational development plan fowards sustainable development with
Sustainable Development Goals (SDGs). CMU should also pay serious attention
to the developmental assets fo encourage and support students and facilitate
the development of the 21st-century skills, as well as supporting and integrating
decisions, actions and activities fo become an innovative university for the
community and contribute to sustainable social development.
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CONCLUSION

This research determined significant key factors for managing assets by combining
AHP techniques, SWOT analysis and IDEFO functional modelling. IDEFO functional
modelling was utilised to identify the three main aspects of the AMF and develop
the framework, which makes an important contribution to prioritising and managing
the university's assets. The acquisition of assets requires the highest level of decision-
making, with a score of 0.465, followed by the maintenance of assets (0.324) and
planning of assets (0.212). It also showed that the acquisition of assets was the first-
ranked feature from the AM perspective. The findings showed that the acquisition of
assets requires the highest level of decision-making, followed by the maintenance
and planning of assets. Additionally, acquisition of assets is critical for managing
CMU'’s existing assefs. The respondents indicated that the classrooms and the
laboratories were the most valuable assets, followed by research and academic
services and students’ activity areas. The likely explanation for this finding is that
classrooms and laboratories are essential for the university’s operation.

The SWOT analysis facilitated an orderly approach to decision-making by
showing the best strategy for achieving CMU's goals. The significant criteria for
the CMU'’s assets, which were determined from the literature review, the results
of the AHP technique, a SWOT analysis and the functional modelling, helped in
developing the AMF-CMU.

The outcomes of this research support the development of CMU because
they can be applied as a framework for managing and enhancing the quality of
life for everyone at the university. CMU recognises the importance of this project. It
supports the implementation of AM guidelines and the establishment of a practical
framework to enable CMU to follow the university's social responsibility principles
and achieve ifs vision, mission and goals by ensuring the sustainable use of its most
important assets. Future research could establish standard guidelines for designing
and installing building systems, including disabled access. Not only should the
building facilities and AM teams efficiently evaluate information across the
university, but all CMU departments should also be involved. All departments should
be encouraged o plan, monitor and improve the use of CMU's assets. A building
users’ manual could also be produced together with a knowledge management
system for the buildings and facilities departments. The main three approaches
of the AMF, which comprise CMU’s goals and objectives, can be categorised
according to three main aspects: (1) Development and enterprise management,
(2) Development of the environment, buildings and facilities and (3) Development
of corporate personnel, information fechnology and databases.
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