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Abstract: Planned Preventive Maintenance (PPM) and Unplanned Maintenance (UPM) are the most
common types of facility maintenance. This paper analyzes current trends and status of Facility
Management (FM) practice at higher education institutions by proposing a systematic data-driven
methodology using Natural Language Process (NLP) approaches, statistical analysis, risk-profile
analysis, and outlier analysis. This study utilizes a descriptive database entitled “Facility Management
Unified Classification Database (FMUCD)” to conduct the systematic data-driven analyses. The
5-year data from 2015 to 2019 was collected from eight universities in North America. A preprocessing
step included but was not limited to identifying common data attributes, cleaning noisy data, and
removing unnecessary data. The outcomes of this study can facilitate the decision-making process
by providing an understanding of various aspects of educational facility management trends and
risks. The methodology developed gives decision makers of higher education institutions, including
facility managers and institution administrators, effective strategies to establish long-term budgetary
goals, which will lead to the enhancement of the asset value of the institutions.

Keywords: facility management; classification code; higher education institutions; planned preventive
maintenance; unplanned maintenance; natural language processing; database; quantitative analysis

1. Introduction

“APPA—Leadership in Educational Facilities” defines maintenance as a combination
of all the technical administrative actions taken during the service life of a building to retain
its parts and functions [1]. Higher education institutions consist of different varieties of
buildings in a large number compared to other organizations, which requires a more diverse
approach in operational maintenance [2]. Planned Preventive Maintenance (PPM) is one
of the maintenance strategies that aims to increase the reliability or lifespan of equipment
as time-based or condition-based; it refers to a proactive approach to maintenance in
which maintenance work is scheduled to take place regularly [3]. Unplanned Maintenance
(UPM) occurs on a random basis as reactive or emergency maintenance. An unexpected
component (or equipment) failure can cost a significant amount of money or time to restore,
which results in uncertainty in budget allocation in the facility management [4,5]. A study
published by APPA identified a major problem in the facilities management for university
premises in North America; there is a lack of planning to adequately fund FM activities
in the entire building life cycle [6]. Another study identified that $26 billion are needed
to fix the accumulated deferred maintenance backlog (DeM) caused by the inability to
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fund capital renewal/replacement of building equipment, and $5.7 billion are required to
handle more urgent DeM [7]. As a result, insufficient facility maintenance, including DeM
and UPM, have accelerated facility deterioration at most campus-sized institutions in the
United States [7]. A study conducted in-depth interviews of 37 FM directors from Canada
and identified that deferred maintenance of campus buildings resulted from declining
financial aspects with growing institution size and concluded that there were insufficient
funds, staff, and other resources to repair and maintain the built environment of campuses
sufficiently [8].

Based on a case study [9], it was found that there is a need to improve communication
between the university level facility maintenance and individual facility maintenance
managers to track and implement programs, reduce redundancy, and strategically plan for
the building as part of the overall campus. Unfortunately, the lack of a study exploring the
status of PPM and UPM in the campus-scale higher education institutions is the primary
barrier towards effective facility management. In addition, it remains unclear how the
current standpoint can be analyzed based on quantitative and data-driven approaches.
Therefore, there is a critical need to explore the current status of FM based on data-driven
analyses.

In this context, this study analyzes the FM practices in the North American univer-
sities, with a particular focus on both PPM and UPM, based on the proposed systematic
methodology. The objective was achieved via the following four steps. First, a survey was
designed, distributed to facility managers at universities, and the results were analyzed to
investigate the current status of PPM. Second, phone interviews were conducted to under-
stand the overall FM practice. At this stage, natural language processing techniques (topic
modeling and sentiment analysis) were used on the interview transcripts as an exploratory
approach. Third, a database was developed based on the facility management data (e.g.,
work orders and labor hours) collected from eight universities. Fourth, three quantitative
analyses (statistical comparison analysis, risk-profile analysis, and outlier analysis) were
performed to analyze the database and identify critical information associated with PPM
and UPM.

The results of this study are expected to facilitate the decision-making process of
educational facilities by providing an understanding of various aspects of educational
facility management trends and risks. It can allow administrators of higher education
institutions (e.g., facility managers) to implement effective FM strategies systematically to
establish long-term budgetary goals, which will lead to the enhancement of the asset value
of the higher education institutions.

2. Background and Related Studies
2.1. Planned Preventive Maintenance (PPM) and Unplanned Maintenance (UPM)

PPM and UPM are two well-established approaches in the facility maintenance domain.
A study proposed that PPM is carefully prepared in advance as it is done at scheduled
times and is expected to be very efficient [3]. PPM is also defined as pro-active, where
planning and execution of maintenance work are carried out in anticipation of the failure
of facility [10]. Another study speculated in their case study that PPM can reduce the
demand for correction [11]. Preventive Maintenance (PM) and planned maintenance are
two primary components comprising PPM [1]. PM is a type of facility maintenance that
increases the reliability or lifespan of a building and equipment is performed through
periodic inspection, lubrication, and minor replacements [1,4,12]. Planned maintenance is
a pre-determined job procedure that documents labor, materials, tools, and equipment to
perform the task before implementing maintenance work [1].

In contrast to PPM, UPM is the work performed as the direct result of equipment fail-
ure. Since equipment failure occurs randomly, controlling UPM occurrences is a challenging
task. A study reviewed maintenance definition for maintenance, repair, and replacement
(MR&R) types, where UPM includes service calls, emergency responses, and unantici-
pated tasks [5]. UPM is also defined as reactive or emergency maintenance which leads
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to high maintenance costs [4]. Within UPM, reactive maintenance is a type of work done
immediately after a failure to bring an asset back into operation [1]. Figure 1 illustrates
the hierarchical structure of facility management as per operations & maintenance (O&M)
defined by APPA [1].
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As shown in Figure 1, annual resource allocation for facility management can be di-
vided into four major maintenance categories: PPM, UPM, deferred, and non-maintenance.
PPM consists of planned and preventive maintenance. Planned maintenance refers to
scheduled and corrective maintenance, while preventive maintenance reflects routine and
predictive maintenance. The corrective maintenance can be categorized under both planned
and unplanned maintenance based on APPA [1]. However, corrective maintenance has
been used differently by institutions or facility managers [13–15], this study considered the
corrective to be unplanned maintenance. Reactive maintenance refers to emergency and
unscheduled maintenance. Deferred Maintenance can be divided into many maintenance
types, such as deferred corrective, recurring, backlogs, renewals, demolition, etc. [1,7]. The
non-maintenance work orders include events, custodial work, warranty work, delivery
and transportation of equipment and supplies, signage, banners, etc. This study also
excluded project-based work orders (i.e., renovations) which involve contractors outside of
the facility management.

2.2. Current FM Guideline and FM Computerized Platform

A published guideline supported by APPA, “Maintenance Staffing Guidelines for
Educational Facilities”, focuses on determining the adequate maintenance staff size in man-
aging educational facilities [16]. The guide also established baseline attribute standards for
each maintenance level, which is now widely accepted as an industry standard. Another
published guideline, “Operational Guidelines for Educational Facilities—Maintenance,
second edition”, introduced maintenance operations that offer best management prac-
tices for effective performance in each maintenance department along with the tools of
determining staff levels with several case studies and statistical methods [17]. The staffing
resources were calculated for a wide variety of campus sizes using the ‘Aggregate method’
in each case study. The full-time equivalent (FTE) calculation was performed by gathering
all building-related data, determining staffing factors, selecting adjustment factors (e.g.,
campus age, varied facilities, DeM levels, campus missions, etc.), and applying a simple
formula to get the FTE value. The formula used five adjustments ranging between −10%
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and +10%. Adjustments were made to recognize economies of scale, condition of buildings,
facility age, and campus mission. The adjustments were summed and used to increase or
decrease the initial FTE estimate based on variations from the norm. Equation (1) shows
the formula for FTE estimate.

Adjusted FTE = (1 + ∑ f actors) ∗ Baseline FTE (1)

A combination of computed FTE can support a work management system and provide
an efficient organizational structure. APPA also introduced the “Facilities Performance
Indicators (FPI)” program, which is based on a survey distributed to hundreds of North
American universities, includes questions associated with facility condition index (FCI),
current replacement value (CRV), energy cost, and age of buildings. The FPI report has
been published every year and contains key information about the current trend and status
of educational facilities. FPI aims to constantly improve the facilities by developing new
tools in the field. Moreover, it provides insights on preventive maintenance programs,
including reduced overtime needs, large-scale repairs, and customer service practices for
improved facilities.

Additionally, the U.S. Department of Education, National Center for Education Statis-
tics (NCES), and National Forum on Education Statistics (NFES) published a guideline,
“Planning Guide for Maintaining School Facilities” [18], to develop, implement, and evalu-
ate a facilities maintenance plan at the school district level. The guideline offers budgets,
planning of school facilities maintenance, and facility audits. It also provides effective
management of staff and contractors and training guidelines of school facilities for the
hired staff.

Lastly, Whitestone Research published a cost reference guideline for facility main-
tenance and repair costs for over 1700 components and their associated maintenance
tasks [19]. The components and tasks listed in Whitestone cost reference follow Uniformat
II classification. The cost reference consists of various tools and critical information of the
life of specific asset components, trade labor hours, historical inflation rate of maintenance
and repair costs, and total cost required to maintain a facility over its service lifetime. The
reference is a huge asset to the facility managers as it provides the estimates of 50-year
maintenance cost profiles for 74 different models, which offers an advantage while creating
budgets and cost estimates.

There are many computerized platforms available in the current market for facilities
management. The platforms/variations of functionality that are applicable to this study [20]
are as follows:

• IWMS: An integrated workshop management system (IWMS) is an all-in-one way to
manage your facility. It includes from real estate portfolio management to floor plan.
This is the most comprehensive tool in facility management;

• CMMS: A computerized maintenance management system (CMMS) focuses solely on
handling facility maintenance requests. Once the MR&R is recognized, the CMMS
coordinates from ticketing requests to delegating and performing the repair activity;

• CAFM: A computer-aided facility management (CAFM) is a platform to manage the
actual workplace in facility management. The system handles floor plan creation,
space utilization, and MR&R. This system is more effective for space management and
accommodation of workers;

• EAM: An enterprise asset management (EAM) system focuses on asset management.
This system tracks the number of computers and workstations, locations of the copiers,
and printers. It helps facility managers update and manage the current asset and
accounting.

For clarity and simplicity, all four platforms/variations are referred to as CMMS.
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2.3. Facility Management Classifications

The advancement of equipment technologies and constantly evolving products in the
facility domain have opened a new door towards the development of different classifica-
tion systems; they categorize building elements and their related site work based on the
functionality. The most widely used international classification systems in construction and
facilities management include Uniformat II, OmniClassTM, MasterFormat®, UniformatTM,
Uniclass, UNSPSC, etc. These classification systems follow international standards, and
facility managers at the universities rely on them to maintain their database, which records
varying day-to-day activities. Table 1 illustrates current FM classification systems based on
their origin, updated year, classification structure, hierarchy levels, a grouping of elements,
and component details.

Table 1. Comparison of the current classification systems [21,22].

No Classification
System Origin Updated

Year
Classification

Structure Levels Elements
Grouping

Component
(Detailed/Neutral/Less
Details/Not Detailed)

1 Uniformat II North America 1999 Hierarchical 3 Functional Not Detailed

2 MasterFormat® North America 2020 Hierarchical 4 Mounted
Elements Less Detailed

3 UniformatTM North America 2010 Hierarchical 5 Functional Neutral

4 OmniClassTM North America 2015 Faceted 6 Functional Less Detailed

5 Uniclass United Kingdom 2015 Faceted 4 to 5 Functional Less Detailed

6 UNSPSC North America 2017 Hierarchical 5 Mounted
Elements Not Detailed

As can be seen from Table 1, Uniformat II was developed by ASTM (American Soci-
ety of Testing and Materials) International [23]. It has a hierarchical structure with three
standard levels: major group elements (e.g., substructure, shell, etc.), group elements
(systems), and individual elements (subsystems). However, due to limited sub-elements in
this system, different organizations can highly customize it by adding elements according
to their requirements [22]. MasterFormat®, a product of ‘Construction Specifications In-
stitute’ (CSI) and ‘Construction Specifications Canada’ (CSC), is solely based on mounted
elements and has a hierarchical structure with four levels: divisions, sections, elements,
and sub-elements [24]. Similar to MasterFormat®, UniformatTM was developed by CSI &
CSC, based on functional elements [21,25]. The structure of this classification system is
hierarchical with five levels: categories, classes, two subclasses, and elements. Additionally,
OmniClass Construction Classification System was developed by CSI & CSC [26]; this is
similar to UK-based Uniclass [27] as both cover complete lifecycle classification of facility-
built environment. The structure of OmniClassTM is faceted with six levels, which consists
of work results from MasterFormat® and elements from UniformatTM [21]. Another clas-
sification system used by the state of California, i.e., United Nations Standard Products
and Services Code (UNSPSC) which is based on mounted elements and its structure is
hierarchical with five levels [28]. The component details criteria, Detailed/Neutral/Less
Details/Not Detailed, compared the specific details present based on component character-
istics provided by Whitestone cost reference [19] such as units, trade, labor details, material
costs, equipment type, task type, etc.

It was observed that the classification structure of four out of six systems were hi-
erarchical and two were faceted or combinatory. A faceted structure is defined as the
categorization of elements under a combination of facets [22]. All the aforementioned
classification systems are used internationally, but most of them are specifically designed
for the construction industry, not for facilities management. The available classification
systems are either based on functionality or mounted elements with less or no details.
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Therefore, there is a critical need to develop a classification system that includes component
details based on both mounted elements and functionality, which can be suitable for diverse
building types. This study introduces Facility Management Unified Classification Database
(FMUCD) based on functionality and conduct data driven analysis to provide guidelines
the facility management to make an appropriate decision in an uncertain situation at higher
education institutions.

3. Methodology

The objective of this study was to explore the current status of FM practices by estab-
lishing Facility Management Unified Classification Database (FMUCD) and performing
data-driven analysis for facility management in higher education institutions. Figure 2
illustrates the overall research framework. First, the survey questionnaires were distributed
to the universities for data collection. Second, phone interviews were conducted, various
questions about facility management practices were asked, and detailed work order history
data from CMMS were collected from each university. At this stage, NLP analysis (topic
modeling and sentiment analysis) was additionally conducted based on interview tran-
scripts. Third, the database was developed using the collected raw data where all work
orders were classified into different descriptive codes based on the Equipment Naming
Convention; it was designed for this study by integrating the standard classification of ma-
jor grouping elements of building Uniformat II with the elements published in Whitestone
Cost References [19,23]. Lastly, further quantitative analyses were conducted: (1) statistical
comparison analysis, (2) risk-profile analysis, and (3) outlier analysis.
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3.1. Qualitative Analysis

A survey was conducted to explore the current state of PPM at universities in North
America. The survey, which consists of ten questions, was developed based on five aspects
(process, cost plan, budget allocation, scheduling, and decision making) of PPM. For
example, two survey questions were designed to investigate the current practice and
workflow of PPM in universities. The survey was distributed to facility managers who were
registered as a member of the APPA at twelve universities. When collecting responses from
the universities, the responses with incomplete information were excluded. In addition, out
of a total of ten questions, only five questions were analyzed and presented in this study
because the remaining five questions were related to personal information, data availability,
etc. Table 2 summarizes the five important questions, multiple answers provided for each
question, and the corresponding number of responses.
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Table 2. Survey result.

No Question Answers
Responses

n %

1 How do you evaluate progress of the PPM work
assignments?

Reports generated by CMMS 24 50%

Key Performance Indicator—KPI 15 31%

Paper reports 7 15%

Other 2 4%

2 Where are PPM work orders prioritized among
all work order types?

Above scheduled corrective 12 43%

Dedicated crew for PPM work 8 29%

Lowest priority 7 25%

Above critical 1 3%

3 What is included in the PPM work order
estimates?

Work 26 25%

Set-up 21 20%

Clean-up 20 19%

Documentation 15 14%

Travel (before the PPM) 13 12%

Travel (after the PPM) 8 8%

Others 3 3%

4 How do you estimate PPM worker time?

Prior experience 17 28%

Multiple factors (e.g., guide, prior records) 16 26%

Prior time records 13 21%

Estimating guide (RS Means, Dodge, other) 9 15%

Manufacturer recommendations 6 10%

5 Prioritize how you would improve PPM
effectiveness

Prioritization strategy 19 76%

Additional funding 4 16%

Additional staff 2 8%

Analyzing the survey results led to the following three main observations: First,
the progress of the PPM work assignments was mainly monitored based on the reports
generated by CMMS (No. 1 in Table 2). This suggests that CMMS has been mainly adopted
by at least half of the facility managers in universities in order to automatically monitor
PPM work progress. Second, work, set-up, clean-up, and documentation were identified as
the most significant four factors included in the PPM work order estimates; they accounted
for 78% of the responses in question No. 3 in Table 2. Third, it was found that most of the
university facility managers (76%) responded that the prioritization strategy is the most
critical component to improve the effectiveness of the current PPM practice, as illustrated
in question No. 5 in Table 2.

Phone interviews were conducted to understand the current status (e.g., types of
management systems, maintenance components, and data recorded) of facility management
and investigate practical issues in higher education institutions (i.e., universities) in North
America. Compared to the survey analysis illustrated in the previous section, the focus of
the interview was on exploring the overall FM practice, not being limited to the PPM. A
flyer was created and distributed to facility managers who were registered as a member
of APPA at thirty-five universities. As a result, twelve participants were recruited for a
phone interview which was conducted from November 2019 to January 2020. A total of
thirteen questions (three for planning and definition, six for data quality and variables, one
for prioritization, and three for methodology) were developed and asked to respondents
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during the interview. (Additional survey questions can be developed in the future for a
more comprehensive understanding of the current status of facility management practice
at universities.) The phone interview took approximately 30 min, and each interview was
recorded and transcribed digitally.

In this study, seven interview questions were excluded for further analysis since
they were associated with definitions of terminologies, willingness to offer raw data, and
personal information. As a result, responses to the remaining six important questions were
analyzed and presented in Table 3.

Table 3. Phone interview result.

No Question Answers
Responses
(N = 12)

n %

1 Do you have an organized maintenance plan?

Schedule maintenance 5 42%

PPM 5 41%

System/Subsystem 2 17%

2
How do you classify the building systems and
components?

Uniformat 5 42%

MasterFormat 4 33%

OmniClass 2 17%

Other 1 8%

3
Is each maintenance task performed on an
individual component tracked?

Yes 7 58%

No 5 42%

4 When do you record work order information?

End of activity 7 58%

End of shift 5 42%

Mid-shift 0 0%

5 Who records work order?

Craft/Technician 10 83%

Supervisor 2 17%

Office clerk 0 0%

6 Where is the data recorded?

Electronically/CMMS 9 75%

Both 2 17%

Manually/Papers 1 8%

It was observed that scheduled maintenance (42%) and PPM (41%) were two major
organized maintenance plans adopted in most universities. Within each university, build-
ing systems and components were classified based on Uniformat (42%) and MasterFormat
(33%). The maintenance task was performed on an individual component tracked. Addi-
tionally, it was found that a work order was mostly recorded at the end of the activity (58%)
by the technician (83%) using CMMS (75%). The result of the interviews is assumed to
reflect the recommended practices of the operation perspective in the facility management
at the referenced higher education institutions.

3.2. Data Driven Analysis for Qualitative Data

Two natural language processing (NLP) techniques (topic modeling and sentiment
analysis) were applied to the collected interview transcriptions containing a significant
amount of textual data (over 50,000 words) to reveal important latent information that was
not able to be captured during the interview. NLP techniques have been increasingly used
as a quantitative method to derive meaningful insights such as keywords [29], topics [30],
and sentiment [31] from a set of textual data (e.g., transcripts) obtained from the interview.
Previous studies have demonstrated the efficacy and potential of applying NLP techniques,
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addressing limitations (e.g., time-consuming, subjective, and error-prone) that reside in
qualitative approaches such as interviews and surveys. In other words, conducting NLP
analysis provides an opportunity to find unexpected observations or insights based on
semantic and syntactic similarities that can be observed within textual data comprising
interview transcriptions.

Raw data, interview transcriptions, from 12 universities were preprocessed through
the following steps: removing stop words (e.g., “the”, “am” and “a”) and noises (e.g.,
blanks and punctuation), word stemming, and tokenization.

Latent Dirichlet Allocation (LDA)—one of the well-established topic modeling
approaches—was adopted to identify keywords and prevalent topics in the interview.
LDA allows for identifying patterns that can be observed within textual data without a
tedious labeling process [32]. In general, LDA produces a couple of topic groups, each
of which consists of corresponding keywords. Labeling topic group (naming) relies on
human interpretation and judgment [33]. As a result, two topics were identified based on
the semantic similarity of keywords in Table 4, which implies that the focus of respondents
during the interview was on two aspects of PPM and the maintenance system. Another
interesting observation was that Archibus, an integrated platform system for infrastructure
and building management [34] frequently appeared during the interviews, which suggests
that it was one of the most widely used software in the universities.

Table 4. Topics and keywords identified from the interview.

No Topic Keywords

1 PPM Maintenance, plan, work, preventive, evaluate, worker,
frequency, critical, year, order, asset, schedule, fix

2 Maintenance system PMS, system, work, zone, order, equipment, time,
Archibus, record, manager, worker

Sentiment analysis was further conducted to identify the facility managers’ degree
of positiveness or negativeness towards the use of PPM. Note that it was assumed that
PPM was the main subject of the phone interview since it was identified as the main topic,
as illustrated in Table 4. For the analysis, a large number of tokenized words derived
from the previous LDA analysis were used as input to the well-established pre-trained
Python module, Valence Aware Dictionary and sentiment Reasoner (VADER) [35]. VADER
allows for quantitatively assessing the level of sentiments for the given texts. As a result, it
provided a sentiment score between 0 and 1, where 0 indicates complete negative sentiment
and 1 denotes complete positive sentiment. The criteria for positive (0.7~1.0), neutral
(0.4~0.7), and negative (0.0~0.4) range was set based on the previous studies [36,37].

The results revealed that five universities (B, E, H, I, and L in Figure 3) responded
that they were using the PPM (No. 1 in Table 3) showed positive sentiment scores. This
finding supports that the universities are willing to adopt PPM with the effectiveness and
advantages of the PPM.
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3.3. Facility Management Unified Classification Database (FMUCD)

Over the years, higher education institutions in North America have employed many
classification systems (e.g., Uniformat II, UniformatTM, OmniClassTM, and MasterFormat®)
to classify building systems, construction, and maintenance activities. As illustrated in
Figure 4, Uniformat II [23] provides a more specific facility management structure with three
levels (level 1-major group elements, level 2-systems, and level 3-subsystems). For example,
in the figure, level 1 includes shell, interiors, services, etc. Regarding “Services” at level 1, it
can be divided into HVAC, plumbing, electrical, conveying, and fire protection. For HVAC
at level 3, it consists of heating, cooling, distribution systems, controls & instrumentation,
terminal & package units, energy supply, etc.
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This study established a descriptive code entitled Facility Management Unified Clas-
sification Code (FMUCO) in the database. The purpose of the FMUCO is (1) to compile
the current data from universities to create Mega data and (2) to conduct the data-driven
analysis to explore the current status of the facility management in higher education insti-
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tutions. The FMUCO code is created by combining Uniformat II with generic descriptions
of building components from Whitestone cost reference [19] shown in Figure 5.
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Figure 5. Facility Management Unified Classification Code (FMUCO).

As illustrated in Figure 5, the proposed descriptive code is composed of an 8-digit code;
the first three digits describe the system code, the next two digits define the subsystem, and
the last three digits are the abbreviation of the component description. The FMUCO has
543 descriptive codes, new elements can be added in the future. This classification method
permitted the collected data for each university, which varied significantly in terms of data
type, data points, and data attributes (e.g., work order description, cost information, labor
hours, etc.), to be managed for the study. Data preprocessing was performed to develop a
structured and organized database shown in Figure 6. This preprocessing step included but
was not limited to identifying common data attributes, cleaning noisy data, and removing
unnecessary data.
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3.4. Quantitative Analysis

The database developed for this study allowed identification of critical information
and risks involved in the facilities management at the component level. Three types of
data-driven approaches were adopted for quantitative analysis: (1) statistical comparison
analysis, (2) risk-profile analysis, and (3) outlier analysis. Statistical comparison analysis (1)
was conducted to explore the current trend of PPM and UPM for the referenced universities.
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At this stage, the ten systems (e.g., HVAC, electrical, plumbing, conveying, fire protection,
etc.) were compared to identify the highest number of work orders and labor hours
associated with PPM and UPM at the system level. (2) Risk-profile analysis was conducted
on the top three systems to distinguish the risks in the subsystem level of UPM. The risk
profiles for top systems aimed to provide basic knowledge to the facility managers about
the subsystems with a high probability of getting a UPM work order. The outlier analysis
(3) was conducted to identify components with a high risk of generating UPM work orders.

3.5. Data Driven Analysis for Quantitative Data: Statistical Comparison Analysis

The statistical comparison analysis was performed on the developed database to
explore the current trend in PPM and UPM shown Figures 7 and 8. As can be seen from
Figures 7 and 8, the bar charts indicate the annual average numbers, i.e., the five-year trend
of PPM and UPM with work order counts (WO) and labor hours (LH) per million square
feet (MSF) at eight universities for the years 2015 to 2019.
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Comparing the five-year trend of PPM and UPM revealed that, the PPM recorded an
average of 3725 work orders, while there was an average of 2491 UPM work orders during
the given period. Similarly, the average PPM labor hours were 13,935.5 and the average
UPM labor hours were 8487.5. As deterioration of buildings is considered, although the
budget for PPM has been increased, it is revealed that the budget for UPM has remained
consistent. Therefore, such a finding will be able to utilize as a guideline for facility
managers or decision makers to allocate the budget for the PPM and UPM. Figures 9 and 10
illustrate the number of work orders and labor hours at the system level for the entire area
maintained. The annual average work order count and labor hours of ten systems were
investigated for PPM and UPM.
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As can be seen from Figures 9 and 10, HVAC was identified as the most significant
system resulting in the highest number of work orders and labor hours every year, followed
by electrical, fire protection, and plumbing systems in the PPM, while the HVAC system
again was identified as the most critical system resulting in the highest number of work
orders and labor hours, followed by plumbing, and electrical systems in the UPM. Although
work order counts for the top two systems are similar, HVAC (4874) and plumbing (4870),
HVAC consumed significantly higher number of labor hours in both PPM and UPM.
Additionally, interior construction, interior finishes, and furnishings are also identified to
be on the higher side compared to PPM whereas conveying systems and exterior enclosure
generated lower UPM work orders.

3.6. Data Driven Analysis for Quantitative Data: Risk Profile Analysis

The risk-profile analysis in facilities management can be defined as the assessment of
the inoperability of building equipments. A study conducted the severity analysis of Indian
coal mine accidents with the historical data of 100 years with Weibull and Exponential
distributions for evaluating hazard rate functions; whereas Poisson and Negative Binomial
distributions for risk profiles of mine accidents [38]. To compare which distribution fits
best to the data, a recent study analyzed the robustness of different methods of comparing
fitted distributions such as AIC (Akaike Information Criterion), BIC (Bayesian Information
Criterion), LRT (log-likelihood ration test), etc. [39]. AIC and BIC measure the performance
of the models based on their complexity. AIC is a prediction error estimator which prevents
overfitting of data whereas BIC penalizes the model more based on the number of parame-
ters. While comparing the AIC and BIC, lower scores are preferred and both information
criteria are used for appropriate model selection, and it can also be used for distribution
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selection [39]. The Negative Binomial (NB) distribution for a discrete random variable (X)
can be calculated based on Equation (2) [40]:

P(X = x|r, p) =
(

x− 1
r− 1

)
pr.(1− p)x−r , (2)

where x = r, r + 1, . . . , p refers to the independent Bernoulli trials, r is a fixed integer. From
Equation (1), it can be said that X follows NB distribution at which rth success occurs. The
parameters of NB fit are denoted by the number of successes (r) and event probability (p).

In this study, survival function risk profiles were developed to identify the high
probability of getting a UPM work order at the subsystem level. Risk-profile consists of
three steps: (1) Data mining, (2) Distribution fitting, and (3) Generation of the survival
function risk-profiles. The data mining (1) is to select the appropriate data points from
the raw data. The distribution fitting (2) is to find appropriate probability distributions by
calculating AIC and BIC scores. The last step is generation of the survival function risk-
profiles (3) where, the top three systems (HVAC, electrical, and plumbing from Figure 10)
with their respective subsystems (e.g., heating, cooling, distribution, etc. for HVAC),
identified to distinguish the risks in the UPM. As a result, Table 5 shows the comparison
of distribution fits for the systems and subsystems based on AIC & BIC scores. The
distribution fitting and comparisons were performed using R-programming.

Table 5. Goodness-of-fit of distributions for systems and subsystems.

System Subsystem Data
Range Poisson AIC Poisson BIC

Negative
Binomial

AIC

Negative
Binomial

BIC
No. of

Successes (r)
Event Prob.

(p)

HVAC

Total HVAC 1 to 1023 51,684.54 51,689.29 9325.54 9335.03 1.2583 0.0130
Heating 0 to 184 13,351.13 13,355.87 5510.13 5519.62 0.4350 0.0453
Cooling 0 to 118 11,943.97 11,948.72 4509.96 4519.45 0.3058 0.0505
Distributions 0 to 153 17,653.43 17,658.18 6981.43 6990.92 1.1479 0.0489
Terminal Units 0 to 200 16,133.57 16,138.31 6121.44 6130.93 0.5614 0.0414
Controls 0 to 440 26,742.70 26,747.44 7761.73 7771.22 0.9742 0.0264

Plumbing

Total Plumbing 0 to 566 47,664.31 47,669.06 9334.98 9344.47 1.6313 0.0157
Fixtures 0 to 497 43,823.68 43,828.42 8801.60 8811.09 1.1198 0.0160
Domestic 0 to 129 14,114.42 14,119.17 6627.55 6637.04 1.2877 0.0652
Sanitary 0 to 62 8295.90 8300.64 5164.35 5173.84 1.0520 0.1273
Rainwater 0 to 19 3023.30 3028.05 2351.56 2361.05 0.3733 0.2628
Other Plumbing 0 to 52 5490.91 5495.66 2945.88 2955.37 0.2667 0.1169

Electrical

Total Electrical 1 to 541 54,697.38 54,702.13 9205.89 9215.38 1.1549 0.0132
Service 0 to 81 8876.86 8881.61 4844.37 4853.86 0.6360 0.0967
Lighting 1 to 393 43,445.45 43,450.20 8577.99 8587.48 0.9948 0.0169
Communications 0 to 141 15,373.17 15,377.91 6454.95 6464.44 0.9544 0.0567
Other Electrical 0 to 208 10,382.39 10,387.14 2933.79 2943.28 0.0483 0.0177

Table 5 shows that NB distribution fits the data best based on lower AIC & BIC scores.
The table also shows the NB fit parameters (r and p) which were used to generate the risk
profiles of the individual systems as well as their subsystems. Figure 11 illustrate the results
of the survival function risk profiles for HVAC, plumbing, and electrical systems.

The risk-profiles are presented in Figure 11 where the x-axis represents the number
of work order occurrences in a year for a building and y-axis represents the probability of
inoperability. The probability of inoperability refers to all the occurrences which hindered
the operation of the building elements. The probabilities for each occurrence were calcu-
lated for the x-axis ranging from 1 to 100. Each plot represents the probability of all major
subsystems of a respective system with 850 data points of the top 25 buildings with most
UPM work orders were identified for each of the eight universities for 2 to 5 years. As can
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be seen from Figure 11a, the controls & instrumentation resulted in highest inoperability
probability as HVAC control panel, airflow and thermostat adjustment requests are very
frequent in a building. Distribution systems resulted in the second most work order gener-
ating subsystem with repair requests as it is comprised of components like air handlers,
fans, filters, ventilation, etc. Terminal & package units and heat generation systems were
found to generate moderate number of MR&R requests with cooling generation systems
being the lowest probability of generating UPM work orders. In Figure 11b, plumbing
fixtures resulted in the highest probability of inoperability in plumbing systems. The key
components in fixtures are sink, toilet, shower, bathtub, etc. Domestic water distribution be-
ing the second most prone subsystem followed by sanitary waste. Rain water drainage and
other plumbing systems resulted in low inoperability probability. Additionally, Figure 11c
illustrates that lighting and branch wiring subsystem dominated the system in terms of
inoperability in electrical systems. Communications and security being moderate in terms
of work order requests followed by electrical service and distributions. Other electrical
system was found to be negligible in terms of UPM work order requests.
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(c) Electrical.

Interestingly enough, the HVAC work consisted of mostly controls and distribution
systems work orders where controls and instrumentation having only 4 components
(control panel, thermostat, digital controls, and meters) generated adjustment work orders
in majority while distribution system generated more MR&R activities having more diverse
components. On the other hand, plumbing work was dominated by plumbing fixtures and
electrical work primarily consisted of lighting and branch wiring work orders. Considering
the fact that universities spend a great deal of resources doing PPM work in fire protection
which benefited the FM in reducing UPM work significantly but failed to do the same
for other major systems. Therefore, the proposed diverse analyses, including a statistical
analysis and a risk-profile analysis, are necessary to acknowledge the current status of the
facility management from different angles.

Additionally, the outlier analysis allowed for understanding which building elements
require careful consideration when planning PPM work. Out of the top 25 UPM buildings
selected, the outliers from the HVAC system included the exhaust fan, air-conditioner, unit
heater, fan, and thermostat (temperature issues). Similarly, the top components having the
higher risk for generating electrical work orders involved the light fixtures, circuit breaker,
smoke detector, and receptacle. The top outliers for plumbing systems were found to be
toilet & stall, sink, urinals, floor drains, and shower. Table 6 presents the components
recorded for over 100 number of occurrences generated for a building in a year.

As shown in Table 6, thermostat adjustments and issues recorded the highest number
of workorder for a university in a year. This is one of the most requested facility operations
in the buildings. For HVAC, air conditioners, air handlers, and radiators also generate high
work order numbers. For electrical, light changing requests are frequent and changing of
batteries in equipments seems more like routine requests. For Plumbing, sink and toilet
repair requests are the most common request followed by the bathtub and shower enclosure.
As a result, the outlier analysis helps facility managers (1) recognize the components
registering more than 100 work orders in MR&R, and (2) to prepare budget allocation for
facility management.
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Table 6. Outlier components for UPM.

No Top Component No. of Occurrence System Subsystem Descriptive Code

1. Thermostat 390 HVAC Controls & Instrumentation D3060THE

2. Fluorescent Light Fixture 345 Electrical Lighting & Branch Wirings D5020FLF

3. Sink 232 Plumbing Plumbing Fixtures D2010SNK

4. Battery 207 Electrical Other Electrical Systems D5090BAT

5. Toilet & Wash Basin 180 Plumbing Plumbing Fixtures D2010TWB

6. Air Conditioner 136 HVAC Terminal & Package Units D3050ACO

7. Air Handler 127 HVAC Distribution Systems D3040AHD

8. HVAC Control Panel 127 HVAC Controls & Instrumentation D3060HVA

9. Bathtub & Shower Enclosure 116 Plumbing Plumbing Fixtures D2010BSE

10. Radiator 103 HVAC Heat Generation Systems D3020RFW

4. Discussion and Conclusions

This study attempted to analyze the current trend and status of Facility Management
(FM) practice at higher education institutions by proposing (1) the Facility Management
Unified Classification Database (FMUCD), and (2) the systematic data-driven analyses:
survey questionnaires and phone interviews, Natural Language Process (NLP) approaches,
statistical analysis, risk-profile analysis, and outlier analysis.

The current trends and status of PPM at universities were mainly identified from the
survey, phone interview, and statistical comparison analysis. The survey revealed that the
progress of the PPM work was mostly monitored based on the Computer Maintenance
Management System (CMMS) reports and four factors (work, set-up, clean-up, and doc-
umentation) were critical for the PPM estimates. Analyzing interview results suggested
that schedule maintenance and PPM were two major organized maintenance plans at
universities. At this stage, the application of NLP approaches found that the focus of the
interview was on PPM, supported by the positive sentiment scores. From the statistical
analysis, it was revealed that although PPM work order count increased over the years,
UPM work orders remains consistent. Therefore, such a finding will be applied to be a
guideline for facility managers or decision makers to allocate budgets for PPM and UPM;
the budget of the UPM can be similar to the last year while, the budget of the PPM can
be increased according to the budget flexibility. Additionally, HVAC was identified as the
most significant system resulting in the highest number of work orders and labor hours
every year in both PPM and UPM.

Findings related to UPM were mostly derived from risk-profile analysis and outlier
analysis. At the system level, the main trades were HVAC, electrical, and plumbing which
generated higher work orders and labor hours. Especially, while distribution systems and
controls & instrumentation in HVAC were found to generate the maximum number of
UPM work orders, lighting and branch wirings and communication & security for electrical,
and plumbing fixtures in plumbing systems were identified as a major proportion of UPM
work. Therefore, the proposed FMUCD and the results of the data-driven analyses will
provide guidelines and best practices for the facility management to make an appropriate
decision in an uncertain situation at higher education institutions. Moreover, the broader
impact of this research is that it would help stakeholders of any campus-sized institution to
develop, operate, maintain, upgrade, and disperse their assets in a cost-effective manner.
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