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FOREWORD

The CIB Facilities Management conference is arranged biannually by CIB Working Com-
mission WO070. The conference in 2014 is organised in collaboration with W111 Usability
and W118 Clients and Users and the local host Centre for Facilities Management at the
Technical University of Denmark.

An organising committee with the coordinators of CIB W070, W111 and W118 has under my
chairmanship as local host planned and organised the conference. The scientific committee
has consisted of well qualified senior researchers from around the world. The members of
both committees are listed on the next page followed by introductions by the coordinators of
each of the three working commissions.

In this joint conference amongst working commissions we focus on the importance of in-
creased openness in the world and how FM can create value for all stakeholders. With the
first announcement we invited for inputs on the more specific conference themes. Based on
those inputs a number of themes were defined for the call for paper. A total of 66 abstracts
were received. Abstracts and papers have been through a rigorous double blind review pro-
cess resulting in the acceptance of 38 papers included in this publication.

The papers are grouped in 10 themes and presented as part of research tracks during the con-
ference. They are included in chapter 1-10 in these proceedings. Four papers were included in
two practice tracks together with presentations by invited practitioners. These papers are in-
cluded in chapter 11 and 12. An index of keywords from all papers is included at the end of
the publication.

I thank all authors and the scientific and organizing committee for their great work. I wish the
conference participants and readers of the papers in these proceedings an enjoyable experi-
ence and a lot of inspirations for further research and the application into education and prac-
tice.

May the CIB Facilities Management Conference in Copenhagen May 21-23 2914 become a
fruitful source to build on!

Per Anker Jensen
Chair of the Organising and Scientific Committee
Centre for Facilities Management — Realdania Research
Professor in Facilities Management
Technical University of Denmark
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INTRODUCTION FROM CIB W070

CIB Commission W070 Facilities Management and Maintenance was established in 1979 to
coordinate and support the development of the Facilities Management and Building Mainte-
nance disciplines through the exchange of knowledge and information between academia,
industry and practitioners. In particular the Commission aims:

* to foster a deeper understanding of how our built environment influences human be-
haviour, health and organizational productivity

* to promote the strategic and operational value of facilities management and asset
maintenance in meeting emerging business challenges

e to forge closer links and collaboration between the financial, technical, sociological
and operational aspects of facilities management and asset maintenance through an in-
tegrated resource management approach

* to disseminate the findings of research work on facilities management and asset man-
agement to a wider audience

* to provide a forum for the exchange of know-how and best practice in education, re-
search and industry that addresses physical workplace and functional workspace de-
mands

e to communicate the work of CIB W070 by publication of its symposium proceedings.

Over the years the Commission has hosted 16 international conferences and estimated to have
published over 650 papers in various aspects of facilities management and asset maintenance.
It is obvious that, over its 35 years of history, the scope and content of CIB W070 has moved
from its original focus of maintenance of public sector housing to embrace the growing sig-
nificance and recognition of facilities management as an inclusive field covering the provi-
sion and management of building assets, workplace facilities within building assets, and facil-
ities support services. The topics covered within the current conference is a clear reflection
of that, covering some of the key issues affecting today’s built environment, from sustainabil-
ity and climate change to workplace management and building performance. The collabora-
tion with other related working commissions (W092, W111, W118) and task group (TG72) in
this and previous conference in Cape Town in 2012, provides a wider platform for exchange
of ideas and interactions within the CIB family.

As joint coordinators of CIB W070 we hope you find the conference presentations both chal-
lenging and stimulating and that you leave the conference more knowledgeable about the role
that Facilities Management and Building Maintenance can play in shaping our urban envi-
ronment. We also look forward to renewing old friendships and forging new ones as we seek
to grow as an international community.

Danny Then & Keith Jones
Joint coordinators of CIB W070
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INTRODUCTION FROM CIB W111

The CIB W111 Usability Group was founded as a task group (TG51) in 2001 to investigate
the application of the international standard on Usability (ISO 9421) to Facilities Manage-
ment and the built environment. Since then the work on usability has been developed through
several stages from the first exploratory case studies, to development of theory, methods and
tools, the application of new knowledge into a number of case studies and the implementation
of the concept of usability in several organizations and companies. The usability network has
grown from a small interest group, to an international network that contributes to further de-
velopment of the field.

This year’s joint conference together with the W070 Facilities Management and W118 Client
and Users really underlines the importance of the usability concept and the strong relation to
the other work groups. In the end it is the usability and the use(r) value of our common envi-
ronments that really counts. In these proceedings you will find two chapters on usability.
Chapter 7, Usability and User Experiences, with 4 papers on user experiences from two pro-
jects; One on neighborhood and the other on relocation. The two other papers contribute to
further development of usability related to briefing and use-centric method. In chapter 9, Us-
ability and Learning Environments, you will find some interesting papers on academic co-
working space, interdisciplinary learning communities, space management in higher educa-
tion, and the first usability paper discussing opportunities in physical and virtual learning
environments. The 8 papers on usability really contribute to the main topic of this conference;
Using Facilities in an Open World - Creating Value for all Stakeholders. I hope the reading
will inspire you take the usability perspective into your own work and to further development
of the field.

Geir K Hansen
Coordinator of CIB W111
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INTRODUCTION FROM CIB W118

Buildings are not just about building. Rather, it is a two-sided coin of both production of
buildings and consumption of buildings. The joint conference “Using Facilities in an Open
World — Creating Value for all Stakeholders™ offers a unique opportunity to focus on the of-
ten overlooked side of the coin related to the consumption of buildings through the perspec-
tive of clients, users and facility managers.

Looking at the lifecycle of buildings, two value chains related to the supply of buildings and
the consumption of buildings come into focus. One value chain is occupied with the supply of
buildings. In an overly simplified version it consists of design and construction involving the
usual actors of the building process like architects, engineers, contractors, suppliers etc. The
other value chain is related to the demand side of building. We may want to think wide and
broadly on the demand side to include not only clients and users, but also investors, owners
and facility managers (including do-it-yourself). Further, the concept of users may be extend-
ed to include not only the immediate users, but also other relevant stakeholders like neigh-
bours etc.

The CIB Working Commission W118 on Clients and Users in Construction was established
in October 2010 as a successor to the previous CIB Priority Theme on Clients and Users.
Clients and users play a significant role in shaping construction and real estate through vari-
ous social, technological, economic, environmental and political drivers. Getting a better
grasp of the aspirations, needs and behaviour of users and clients may offer an important new
road for the industry to deliver more value for money. The aims of W118 are:

e to bring together the experience and expertise of researchers and practitioners,

e to develop, share and disseminate appropriate research theories and methodologies for
successful client management of procurement and innovation, and

e to encourage and facilitate new collaborative and multi-disciplinary research both
within and outside of CIB.

The Working Commission CIB W118 will 1) investigate what constitutes clients and users in
building, 2) identify appropriate procurement and management strategies, 2) classify methods
for engaging users in decision making processes, and 4) develop appropriate related guidance
material for clients and users.

Kim Haugbelle & David Boyd
Joint coordinators of CIB W118



CIB Facilities Management Conference 2014

Table of Contents

1.2

1.3

2.2

2.3

3.2

33

3.4

4.2

4.3

FM Performance and Industry Maturity

A framework for Key Performance Indicators for a Holistic Facility
Performance Assessment

S. Lavy, J.A. Garcia and M.K. Dixit.

Theoretical Underpinnings of the Feeder Factors Integration Framework
Maulidi A. Banyani and Danny S S. Then

Making-do — Illusion of Effective Service Processes

Tuuli Jylhd, Heidi Rasila and Auli Karjalainen

Sustainable Building Development

Comparison of two passive house schools in Norway and Germany
Antje Junghans and Thomas Berker

Delivering and operating low-energy buildings in France and Sweden
Frédéric Bougrain and Paula Femenias

Sustainable Development: High Costs offset by Effective Project
Management

Olive du Preez

Workplace Management

Perceptions of Working Environment over CSR Policies

Saul Nurick, Muneeb Brey, Caitlin Soutar and Michael Watson
Measuring the Added Value of Workplace Change:

Comparison between Theory and Practice

Chaiwat Riratanaphong and Theo J.M. van der Voordt

Managing Workplaces towards sustainability

Heidi Rasila, Anne Sundqvist and Tuuli Jylha

The Key Factors Behind Effective Use of University Laboratories
Jyrki Yldoutinen, Suvi Nenonen and Kalle Kdhkonen

Clients and Users

Mapping Fields of Interest - A Systematic Literature Review on

Public Clients in Construction

Pieter Eisma and Leentje Volker

Different Perspectives on Facilities Management to Incorporate in BIM
Mohammad Mayouf, David Boyd and Sharon Cox

The Shared Building Portfolio: An Exploration and a Typology

Rikke Brinke, Juriaan van Meel and Susanne Balslev Nielsen

Technical University of Denmark

Page

11
12
24
37
46
47

57

69

81
82
94
106

117

128
129

144

154



CIB Facilities Management Conference 2014

5.2

5.3

6.2

6.3

71

7.2

7.3

7.4

8.1

8.2

8.3

8.4

Building Condition and Evaluation

The Office Users’ Experience of Mixed-mode Systems:
Behavioural Thermoregulation

Angela Alessi, Christopher Heywood and Scott Drake

A Rating System for Buildings Condition Ranking

Mario Claudio Dejaco, Fulvio Re Cecconi and Sebastiano Maltese
Questionnaire Design for Objective Evaluation of Performance of
Built Facilities

Gopikrishnan Seshadhri and Dr VM Topkar

Energy Management

Investigating the Energy Performance and Maintenance Resources of
Quality Hotels in Hong Kong

Joseph H.K. Lai

A Facility Management Approach to Reducing Energy and
Carbon Footprint of Built Facilities

M.K. Dixit, C.H. Culp, J.L. Fernandez-Solis and S. Lavy

Assessing the Energy Efficiencies of Individual Departments within
Universities with the ‘DEA Energy Management System’:

An Empirical Study

Kung-Jen Tu

Usability and User Experiences

User Experience of Creative Class District: Studying Punavuori
Neighborhood in Helsinki

Sari Téhtinen, Inka Kojo and Suvi Nenonen

The Users’ Relocation Process: A University Faculty’s Staff Experiences
Christopher Heywood, Peggie Rothe and Anna-Liisa Sarasoja

Usability Briefing — A Process Model for Complex Buildings

Aneta Fronczek-Munter

People Flow and Experienced Safety — Use-Centric Method to Improve
the Product

Hannu Nousu, Terhi Viistd, Suvi Nenonen and Astrid Mangs

Sustainability and Climate Change

An Essay on the Notion of Sustainability: Opportunities and Dangers
Paul Dettwiler

International Trends for Sustainability in FM: Evaluation of Policy and
FM Competence in Norway and UK

Antje Junghans, Abbas Elmualim and Ingemund Skélnes

Employing Back Casting Principles for the Formation of Long Term
Built Asset Management Strategies - A Theoretical Approach

Keith Jones, Apeksha Desai and Mark Mulville

Sustainable Resilience in Property Maintenance:

Encountering Changing Weather Conditions

Rimante Andrasiunaite Cox, Susanne Balslev Nielsen and Carsten Rode

Technical University of Denmark

166
167

179

192

204

205

217

229

242
243
254

266

280

291
292

305

317

329



CIB Facilities Management Conference 2014

9 Usability and Learning Environments
9.1  User Experience in an Academic Coworking Place:
The Case of Aalto University’s Design Factory
Inka Kojo and Suvi Nenonen
9.2  Facilitating Interdisciplinary Learning Communities: A Case Study from
Finland
Eelis Rytkonen and Erica Osterlund
9.3  Value Adding Space Management in Higher Education
Mette Tinsfeldt og Per Anker Jensen
9.4  Usable and Affording Physical and Virtual Learning Environments
Niclas Sandstrom, Robert Eriksson, Kirsti Lonka and Suvi Nenonen
10 FM Innovation and Technology
10.1 Big Data as Innovative Approach for Usability Evaluations of Buildings
Nils Olsson, Heidi Bull-Berg and Antje Junghans
10.2  Tools for Stakeholder Involvement in Facility Management
Service Design
Giulia Nardelli and Ada Scupola
10.3 Identifying Concepts for Studying Implementation of
Information Technology in Facilities Management
Poul Ebbesen and Sten Bonke
11  Case Studies (Research papers in Practice track 1)
11.1 Benchmarking of FM Departments of 8 Scandinavian Hospitals
Hakon Kvale Gissinger and Marit Stere-Valen
11.2  Effective Facility Management and Operations via a BIM-based
Integrated Information System
Pouriya Parsanezhad and Johannes Dimyadi
12 Industry Studies (Research papers in Practice track 2)
12.1 Analysing Facilities Management Industry Maturity:
A Qualitative Approach
Maulidi A. Banyani and Danny S.S. Then
12.2  Outsourcing: A Cost-saving Approach in FM?
Alexander Redlein and Michael Zobl
Keyword Index

10

Technical University of Denmark

340

341

354
369

381

393
394

406

417

430
431

442

454
455

468

480



CIB Facilities Management Conference 2014 Technical University of Denmark
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FM PERFORMANCE AND INDUSTRY MATURITY

1.1

A framework for Key Performance Indicators for a
Holistic Facility Performance Assessment
S. Lavy, J.A. Garcia and M.K. Dixit

1.2

Theoretical Underpinnings of the Feeder Factors Integration Framework
Maulidi A. Banyani and Danny S S. Then

1.3

Making-do — Illusion of Effective Service Processes
Tuuli Jylhé, Heidi Rasila and Auli Karjalainen
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1.1

A FRAMEWORK FOR KEY PERFORMANCE INDICATORS FOR A
HOLISTIC FACILITY PERFORMANCE ASSESSMENT

Lavy, Sarel
Associate Professor, Texas A&M University, College Station, TX
slavy@arch.tamu.edu,

Garcia, John A.
Managing Director, Alpha Facilities Solutions, San Antonio, TX

Dixit, Manish K.
Assistant Professor, Sam Houston State University, Huntsville, TX

ABSTRACT

Purpose: The primary purpose of this paper is to identify core Key Performance Indicators
(KPIs) that are critical to assessing a facility’s physical, functional, and financial perfor-
mance. This paper also lists and discusses key variables that affect the identified KPIs.

State of the Art: The KPI approach to performance assessment ascertains comprehensive-
ness and provides users the flexibility to select a metric of their choice. Although numerous
studies have established a list of KPIs, the list includes performance measures that are redun-
dant. Literature has specifically indicated a need to provide a concise list of core indicators
that are quantifiable based on readily available information.

Approach: A qualitative method, which uses a combination of a literature-based and indus-
try opinion-based approach, is adopted to derive mathematical expressions to quantify core
KPIs. A limitation of using this research method is that there was only one facility manage-
ment firm involved in providing the industry perspectives; however, this firm has experi-
enced personnel, dealing with facility asset management issues all over the world for many
years.

Results: Four quantitative KPIs are proposed to evaluate a facility’s maintenance, replace-
ment program, physical condition, and functional suitability. Additionally, a tool is designed
to qualitatively assess indoor and outdoor atmospheres.

Practical Implications: The core KPIs are significant for performance assessment, as they
are quantifiable based on the availability of industry data. This may also be used as a mana-
gerial approach to improve a facility’s performance so that the facility works toward achiev-
ing organizational goals.

Originality/Value: The study provides a list of core indicators that can be quantified using

readily available information in the industry.

Keywords: Facility Management, Performance, KPIs, Assessment.
12
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1 INTRODUCTION

As performance assessment involves a review of past and present performance of a built fa-
cility and a comparative evaluation of its performance within and across an organization, its
role in establishing strategies and making future decisions is significant. In addition, the re-
sults of performance assessment can evaluate the facility for its contribution to accomplishing
organizational goals (Amaratunga et al., 2000; Douglas, 1996). To keep the process of facili-
ties” performance improvement continuous and consistent, regular feedback from the perfor-
mance assessment team is important (Cohen et al., 2001).

A KPI approach provides the freedom to select the performance metrics of choice based upon
the scope of a study or user needs. The process of performance assessment using KPIs starts
with the selection of measurable and quantifiable indicators based upon the study’s scope,
type of users, the nature of the organization, performance assessment focus, and current in-
dustry trends and demands (Amaratunga et al., 2000).

Although an extensive list of performance metrics exists, it includes indicators that are re-
dundant and may not be measurable or applicable (Shohet, 2006; Lavy, et al., 2010). For a
focused and holistic performance evaluation, it is important to identify and select core KPIs
that can be both quantified and used to assess more than one aspects of a facility’ perfor-
mance in a detailed manner (Amaratunga et al., 2000; Douglas, 1996; Epstein and Wisner,
2001). Among the main aspects measured are the efficiencies of a facility’s maintenance and
replacement performance that eventually affect its condition. Reduction in maintenance ex-
penditure while maintaining a healthy, safe, and comfortable indoor atmosphere is almost
always emphasized (Horner et al., 1997; Shohet and Lavy, 2004; OLA, 2000). It is also im-
portant to evaluate how the facility under study is carrying out its scheduled replacements
(APPA et al., 2003). The Facility Condition Index (FCI), which is an indicator of a facility’s
condition, is a ratio of its deferred maintenance and the total current replacement value
(Briselden and Cain, 2001; Teicholz and Edgar, 2001). Another important assessment is to
know whether the facility is supporting the function it is designed for. Conventionally, a fa-
cility’s functional performance is measured in terms of space management and utilization
(Douglas, 1996; Douglas, 1993/94). The process of functional evaluation helps in organizing
the current portfolio of spaces by identifying under-utilized and over-utilized spaces. Other
performance aspects, such as indoor and outdoor environmental quality, can also significantly
influence occupants’ perception, productivity, absenteeism, and turn-over rate, which may
have serious financial implications (Mozaffarian, 2008, Prakash, 2005; Fowler et al., 2005).

The literature (Hinks and McNay, 2005; Ho et al., 2000; Slater et al., 1997; Amaratunga et
al., 2000; Douglas, 1996) indicates that there is a strong need to develop a concise set of core
indicators that are relevant, quantifiable, and measurable. In this paper, core KPIs are identi-
fied and mathematical expressions for their calculation are proposed. In addition, variables
influencing the KPIs are also discussed and defined.

2 RESEARCH METHODS

As suggested by the literature, this study applies a research method that includes deriving a
list of performance indicators from a rigorous literature review, categorizing them, and identi-
fying indicators that are quantifiable and can express more than one aspect of a facility’s per-

13
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formance (Hinks and Macnay, 1999; Ho et al., 2000; Slater et al., 1997). This paper builds
upon an earlier study (Lavy et al., 2010), in which a wide range of KPIs were collected by
surveying the literature. In addition, collected KPIs were categorized under four main catego-
ries: (1) physical; (2) financial; (3) functional; and (4) survey-based. The main criterion for
selecting the core KPIs was that they should be measurable and quantifiable based on infor-
mation readily available in the industry. In addition, key variables affecting the core KPIs
were identified and discussed using literature survey and industry inputs. Industry inputs
were useful, particularly in identifying variables which can be quantified using easily availa-
ble data. It was assumed that a facility’s environmental performance was better assessed by
the LEED® Green Building Operations and Maintenance Reference Guide, and this guide
was selected as a reference for the refinement and development of the Indoor/Outdoor Envi-
ronmental Quality (IOEQ) indicator. Various user perception aspects were also gathered,
discussed, and categorized. Finally, using the industry and literature inputs, mathematical
equations to quantify the core KPIs were proposed and explained.

Major industry input was gathered from a leading professional facility asset management firm
serving worldwide. The firm is engaged in providing services such as key facilities perfor-
mance metrics consulting, capital planning, facility condition and environmental assessments,
real property inventory management, facility use studies, investment strategies, and computer
aided facility management systems consulting and information systems development.

3 LITERATURE REVIEW

3.1  Performance Assessment and KPIs

A facility’s performance evaluation is important for understanding its role in supporting or-
ganizational functions and goals. In addition, the results of performance assessment guide
decisions such as facility expansion, real estate acquisition, and facility renovation and retro-
fitting (Amaratunga et al., 2000; Douglas, 1996). Among major performance evaluation
methods is the KPI approach in which a set of performance metrics are measured. The per-
formance metrics correspond to facility performance objectives (Ho et al., 2000; Douglas,
1996). Varcoe (1996) suggested that performance objectives, which relate to organizational
goals, can be transformed into performance metrics. Using such metrics assures measurement
of aspects that are primary to the organization. Moreover, this process of developing perfor-
mance metrics enables identification of additional indicators that could emerge as a result of a
change in the organizational strategies as well as objectives. One major advantage of using a
KPI approach is that it is relatively comprehensive and it provides the opportunity to select a
performance metric of choice (Lavy et al., 2010). To provide a wider applicability and choice
of performance metrics, Douglas (1996) and Ho et al. (2000) suggested arranging them in
categories such as financial and nonfinancial KPIs. Another aspect of KPIs that had been
pointed out by studies such as Slater et al. (1997) and Ho et al. (2000) is a need to establish a
concise list of performance metrics. The available sets of KPIs are long and include metrics
that are redundant and not quantifiable. In addition, past performance assessments centered
solely on financial metrics; now, they must also address non-financial aspects such as busi-
ness, organization goals, job satisfaction, indoor and outdoor environmental issues, and other
non-financial qualitative aspects (Amaratunga et al., 2000; Douglas, 1996; Epstein and Wis-
ner, 2001).

14
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3.2 Indicators for Facility Performance Assessment

The literature has expressed a need to propose a concise set of performance metrics that can
measure a facility’s performance based on the readily available information. The following
KPIs have been discussed widely in the literature:

Maintenance Efficiency

One important aspect of a facility’s performance is measuring how effectively the facility
management personnel is performing its maintenance. The annual maintenance expenditure
consists of preventive and corrective maintenance components. Preventive maintenance is
scheduled to avoid a sudden break-down of a system, whereas corrective is performed when a
system has already broken down. A conventional facility management practice is to optimize
maintenance expenditure by simultaneously keeping a facility safe, comfortable and profita-
ble (Horner et al., 1997; Shohet and Lavy, 2004; OLA, 2000). In spite of numerous mainte-
nance evaluation metrics, previous research has suggested that proven performance metrics
for maintenance assessment are still missing and past studies have failed to provide a quanti-
fiable and measurable maintenance performance indicator (Shohet, 2006; Chan et al., 2001).
The evaluation of maintenance performance involves assessing the effectiveness and effi-
ciency of preventive maintenance (OLA, 2000). Strategies for optimizing maintenance ex-
penditure are affected by scheduled maintenance (preventive maintenance), which cannot be
determined easily (Horner et al., 1997). According to Pati et al. (2009) and Park and Au-
genbroe (2003), the Maintenance Efficiency Indicator (MEI) quantifies the efficiency with
which a facility utilizes its maintenance budget. MEI is an effective indicator of maintenance,
and the indicator can significantly affect strategic decision-making (Pati et al., 2009).

Replacement Efficiency

In addition to maintenance efficiency, it is also important to evaluate a facility’s replacement
program, which involves replacing facilities and systems that are damaged or approaching
their end-of-life (OLA, 2000). One major issue with replacement activities is that these are
not the same each year, making their estimation a difficult task. According to studies (State
Council of Higher Education, 2001; Fagan and Kirkwood, 1997), capital renewal can be used
to evaluate a facility’s replacement performance. Capital renewal index, which is a ratio of
the annual capital renewal to the current replacement value, can measure the replacement
performance of a facility (APPA et al., 2003).

Condition Index

The condition of a facility is evaluated by quantifying a Facility Condition Index (FCI),
which is the ratio of maintenance deficiency to the Current Replacement Value (CRV)
(Briselden and Cain, 2001; Dept. of Interior, 2008; Teicholz and Edgar, 2001). The deficien-
cy of maintenance represents current maintenance and repair work pending (Briselden and
Cain, 2001; Dept. of Interior, 2008). The CRV is the monetary requirement to restore a facili-
ty or a system to its “good as new” condition without modification (Dept. of Interior, 2008).
The condition of a building is perceived by its users through its appearance and the quality of
indoor atmosphere, which cannot be quantified. The FCI provides a way to quantify condi-
tion of a facility in monetary terms (Briselden and Cain, 2001). The condition of a facility can
also be expressed as a percentage using an index called Condition Index (CI), which is calcu-
lated using FCI (Watson, 2009; Teicholz and Edgar, 2001). The values of CI can be calculat-
ed at a system, facility, or campus level (Teicholz and Edgar, 2001; Watson, 2009). The cal-
culated values of CIs at a system level then can be weighted to quantify a facility level CL. It
should be noted that only systems or components contributing to a facility’s integrity and
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functionality should be included in the calculation of CI to avoid influence of other non-
contributory components (Dept. of Interior, 2008).

Functional Space Index

Other than monetary indices such as MEI and CI, the functional suitability of a facility should
also be measured. The amount, quality and shape of the spaces provided by a facility govern
its functional performance (Douglas, 1996; Loosemore and Hsin, 2001). The amount of space
and its quality affect the occupants’ productivity and eventually, organizational goals (Hi-
num, 1999; Cole and Brown, 2009). According to Hinum (1999), space adequacy in schools
is an important factor determining the performance of students. Douglas (1993/94) suggested
identifying spaces that are under and over-utilized. He also suggested using space utility as a
metric to assess the spatial efficiency of a facility. The sufficiency of space can be evaluated
by comparing the existing spaces to relevant space standards for various facility types
(Hammond et al., 2005). According to Loosemore and Hsin (2001), spaces should be as-
sessed in terms of their contribution to the core objectives of the organization.

Indoor/Outdoor Environmental Quality (IOEQ)

As building occupants are exposed to a relatively higher level of pollutants for an extended
period of time, Indoor Environmental Quality (IEQ) has become a major concern for building
design, construction, and management professionals (USEPA, 2009). An adverse quality of
indoor atmosphere seriously hampers employees’ performance and productivity, affecting
their turnover rate, absenteeism, and mental satisfaction (Fowler et al., 2005). Adverse IEQ in
most cases could cause financial burdens for an organization, through paid leaves and com-
pensation (Prakash, 2005). In addition to increased productivity and reduced financial burden,
an enhanced IEQ boosts employees’ confidence in an organization’s ability to provide a safe,
comfortable, and healthy workplace (Mozaffarian, 2008, Prakash, 2005; Fowler et al., 2005).
Most currently used building assessment systems around the globe include the assessment of
IEQ (Fowler et al., 2005; Malmgqvist, 2008). Among them is the LEED rating system, which
demonstrates popularity and a wider acceptance among building design and construction pro-
fessionals (Malmgqvist, 2008). Bray and McCurry (2006) argued that not only the indoor but
also the outdoor environmental quality should be evaluated by accepted building assessment
systems.

Absenteeism and User Perception

Fleming (2004) argued that facility managers are more interested in the technical and finan-
cial performance of their facilities rather than the perceptions of their occupants (Fleming,
2004). Nevertheless, an adverse workplace quality could affect the perception of a facility’s
occupants, which may cause absenteeism and high employee turn-over rate (Fowler et al.,
2005). It was found that in educational facilities, a conducive and healthy indoor atmosphere
may improve students’ learning (Olson and Kellum, 2003; Brooks-Pilling and Wright, 2005).
Increased absenteeism in a facility may be the result of a poor indoor environment (Olson and
Kellum, 2003; Brooks-Pilling and Wright, 2005). Studies conducted by institutions such as
the Thomas Jefferson Center for Educational Design at the University of Virginia, and the
U.S. District Court, Northern District of California (by Biegel, 2000) indicated that students’
performance may be governed by the quality of indoor atmosphere. In the case of an organi-
zation, it is important to ensure that employees are satisfied with the workplace atmosphere.
These employees play an important role in organizational success, and their satisfaction level
and confidence in the organization could provide significant business benefits (Tucker and
Smith, 2008).
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4 FINDINGS

4.1 Maintenance Performance: Maintenance Efficiency Indicator (MEI)

The Facility Condition Index (FCI) demonstrates a facility’s condition, which is a combined
effect of its maintenance and replacement performance. However, FCI does not provide the
assessment of maintenance and replacement programs individually. The main objective of a
Maintenance Efficiency Indicator (MEI) is to assess how efficiently the maintenance is being
done by a facility. It is assumed that the total maintenance expenditure is the sum of preven-
tive and corrective maintenance. The following section discusses key variables that affect the
MEL

Spending on Deferred Maintenance (SDM)
The SDM provides an assessment of actual maintenance being done. It is calculated as the
ratio of actual to expected deferred maintenance. It is important to know what fraction of ex-
pected maintenance is being performed by a facility. The SDM is calculated as:
SDM = M x100
DM (Expected)
Where, the term “DM” represents deferred maintenance.

Maintenance Efficiency Indicator (MEI)

The maintenance performance of a facility then can be quantified using the calculated values
of SDM and Condition Index (CI). For a given period, the maintenance Efficiency Indicator
(ME]I) is calculated as the ratio of SDM to CI of a facility. MEI can be derived as:

SDM

MEI = 7 x100

The MEI can be calculated at a given point in time and also for a specific period of study.

Corrective to preventive maintenance ratio (CPR)

This ratio is significant in identifying the fraction of corrective and preventive maintenance
expenditure in total maintenance expenditure. It is calculated as the ratio of corrective to pre-
ventive maintenance. A CPR value of greater than one indicates that the facility’s systems are
breaking down too often as a result of insufficient preventive maintenance. Thus, this ratio

can be termed as:

CPR = M,
M

P
where M. and M, are corrective and preventative maintenance, respectively. It is more mean-

ingful if CPR is calculated for a longer period of time (e.g., several years) to discover the
pattern of maintenance expenditure. Such a pattern could help derive strategies to optimize
maintenance expenditure.

4.2 Replacement Efficiency Indicator (REI)

In addition to MEI, it is important to analyze the contribution of a facility’s replacement pro-
gram in its CI. The replacement efficiency of a facility can be quantified using data of the
total capital renewal done and the total systems expired in a given year. Two aspects of re-
placement are important: the total replacement expenditure and the schedule of replacement.
It is assumed that the service life of a facility’s systems is shorter than the facility itself. The
total value of the capital renewal at the end of year is considered in the calculation. The REI
can be calculated as the ratio of total capital renewal to the total cost of expired systems at the
end of the year. REI is given by:
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EC Ren($
REI ap.Ren.($)

B z Exp.(%)

An REI equal to one indicates that the facility is replacing its systems as they are expiring.
An REI less than one could mean the facility is lagging behind in replacing expired systems.
Like MEI, this ratio can also be expressed in % by multiplying it by 100. As it is a better
strategy to replace a system as soon as it expires, an REI compares actual replacement to the
expected replacement. REI provides an individual assessment of a facility’s replacement pro-
gram by tracking not only replacement expenditure but also replacement schedule. The com-
bined effect of REI and MEI can be expressed by the calculated value of FCI, which takes
into account total deficiencies and CRV.

4.3 Functional Space Index (FSI)

As discussed in the literature review section, the functional appropriateness of a facility can
be measured by evaluating its spaces in terms of their size, shape, and quality. The Functional
Space Index (FSI) is a unit-less ratio that is calculated as the ratio of actual to required gross
square footage for different types of spaces. The FSI can be calculated at individual space,
building, and campus levels. The calculation of FSI at a detailed level (e.g. individual space
level) provides a relatively accurate picture of what is causing the functional deficiency as
well as the most pragmatic solution. The required space area can be sourced from applicable
space standards. In some cases, a threshold value of required space area is set at a level below
which the space would be functionally unfit for supporting organizational functions (e.g.
learning and teaching).

The key variables required to quantify FSI include total required space area, total actual space
area, number of spaces, space types, and cost per square foot of new construction of the space
(obtained from sources such as cost data catalogs). The data for these variables need to be
collected for each space type, as spaces may have different spatial and functional require-
ments. The space area information does not include common areas such as lobbies, hallways,
and service areas, as the area considered is not the gross floor area. Space level FSI can be
calculated as:

Total Space Area (by space type) 5 .41
| Total Space Area (by space type) Required

Another calculation of FSI takes an entire building into account rather than one space. Calcu-
lating FSI at a building level allows the user to diagnose and address configuration issues in a
school. These issues can lead to a deficient FSI that can be fixed by reconfiguring existing
space rather than constructing new space. Building level FSI can be calculated as:

Total Space Area (by space type) qua
Building | Total Space Area (by space type)g equired

Building FSI= 2 ] x # of spaces (by space type)

The value of FSI greater than or equal to one would indicate that the space provided is func-
tionally adequate. However, if the value of FSI is more than one, the space may be under-
utilized for the function it is supporting. A value of FSI less than one shows that the space is
functionally deficient, and the output will be the total area required multiplied by the cost per

square foot of new construction. This value would provide the cost to correct the functional
deficiency of the space.
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4.4  Indoor/Outdoor Environmental Quality (IOEQ) Indicator

An environmental metric evaluating the quality of not only indoor but also outdoor environ-
ment is instrumental. The IOEQ indicator proposed to assess a facility’s environmental per-
formance is calculated based on the measurements, metrics, and benchmarking standards
established in the LEED® Green Building Operations and Maintenance Reference Guide
(USGBC, 2009). For the purposes of data collection and analysis, a spreadsheet calculator is
proposed based on the environmental metrics from the LEED® Green Building Operations
and Maintenance Reference Guide. The calculator utilizes the dynamic LEED credit tem-
plates for submitting project documentation available only to the team members of a regis-
tered LEED® project. The calculator is organized by LEED credit and by category. For in-
stance, as shown in Figure 1, formulas for the calculation for Sustainable Sites, Credit 5 —
Site Development: Protect or Restore Open Habitat are embedded in the spreadsheet calcula-
tor.

Figure 1: Calculation for Sustainable Sites Credit 5.0

5.0.A__ JDOES NATIVE OR ADAPTED VEGETATION COVER: =
5.0.A.1 25% OR MORE OF THE SITE AREA (EXCLUDING BUILDING FOOTPRINT) ?| NO

BUILDING FOOTPRINT : 100000 SE:

TOTAL SITE AREA : 150000 SF

TOTAL NET ON-SITE AREA : 50000 SF

ON-SITE AREA COVERED IN NATIVE OR ADAPTED 0 SF

VEGETATION :
% OF SITE AREA XERISCAPED : 0.0%

5.0.B IF THERE EXISTS CONTRACTED OFF-SITE VEGETATED AREA, DOES IT COVER:
5.0.B.1 25% OR MORE OF THE SITE AREA (EXCLUDING BUILDING FOOTPRINT) ?| YES

BUILDING FOOTPRINT : 100000 SF

TOTAL SITE AREA : 150000 SE

TOTAL NET ON--SITE AREA : 50000 SF

TOTAL OFF-SITE AREA COVERED IN NATIVE OR 25000 SF
ADAPTED VEGETATION:

TOTAL ON-SITE AREA COVERED IN NATIVE OR 0 SF

ADAPTED VEGETATION:
% OF ON- AND OFF-SITE AREA XERISCAPED : 25.0%

The IOEQ spreadsheet determines the total number of points achieved for each environmen-
tal category. As the IOEQ spreadsheet calculator utilizes 77 out of 110 maximum possible
points, the corresponding certification ratings are proportionately adjusted as follows:

Certified 28 Points
Silver 35 Points
Gold 42 Points
Platinum 56 Points

Although these certification ratings do not affect the calculation of any of the proposed indi-
cators such as CI, MEI, REI, and FI, they certainly provide a qualitative assessment of the
indoor and outdoor environment a facility provides to its occupants.

4.5  User Perception

The perception of a facility’s occupants is evaluated qualitatively. Surveys are among the
most commonly used data collection tools to investigate user perception, with the two key
approaches being subjective and objective surveys. In an objective survey, an observer col-
lects data by observing directly the facilities and their occupants. In the subjective approach,
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however, data is collected from occupants, using a questionnaire. Preiser (1995) suggested
carrying out post occupancy evaluation (POE) at the three levels of health, safety and securi-
ty; functionality and efficiency; and psychological, aesthetical and socio-cultural aspects (See

Table 1).

Table 1: Three categories of post occupancy evaluation (based on Preiser, 1995)

Aesthetic and socio-

Study Health, safety and security | Functionality and efficiency cultural

CEFPI, 2007 Maintenance and serviceability |Learning and environment Sustainability

Hygge and Light, noise, temperature, venti- | Space, windows View out, privacy, gen-

Lofberg, 1999 lation eral environment

Brooks and Vic- |Internal environment, citizen Use, access, space, perfor- Urban and social integra-

cars, 2006 satisfaction mance, engineering, construc- |tion, character and inno-
tion vation

Brooks and Vic- |Internal environment Use, access, space, perfor- Urban and social integra-

cars, 2006 mance, engineering, construc- |tion, character and inno-
tion, form and material vation, form and material

Brooks and Vic- |Personal control, comfort, Overall building, quickness of |Travel to work

cars, 2006 noise, overall comfort, health, |response, response to problems,

lighting

productivity at work, your desk
or work area, travel to work

Zimmring et al.,
2008

Quality of work life, personal
productivity, psychological and
social well being

Operating/maintenance cost,
cost of building related litiga-
tion, resale value of property,
rentability of space etc., pro-
cess innovation, work process
efficiency, product quality,
time to market

Public image and reputa-
tion, customer satisfac-
tion, community relation-
ships

Fleming, 2005

Availability of natural light,
security of personal posses-
sions, temperature changes,
effect of solar glare, ability to
see out, informal relaxed at-
mosphere, general background
noise, quiet rooms, variations in
noise level, mobile phone noise,
indoor relaxation areas, inter-
nal visibility, circulation space
noise,

occupation density,

privacy,

hub noise,

personal control of temperature

Access to printers
Quality of artificial light
Amount of desk space
Window proximity
Formal meeting facilities
Quiet rooms

Support facilities
Intranet information
Workspace ownership
Personal storage
Outdoor areas

Catering

Location in building
Entrance impact

Casual meeting areas
Feeling of equality
Internal visibility
Internal aesthetics
Access to colleagues

Tucker and Smith,
2007

Personal control, privacy, per-
sonalization

Windows and lighting

Interior planting, color
windows and lighting

Space, serviceability, opera-
tional cost, operational man-
agement, life cycle cost

Saidi, 2007

Accessibility, safety, internal
views, housekeeping and clean-
liness, physical comfort, sur-
rounding environment

Signage, layout, waiting time
and waiting rooms, treatment

Image of the hospital
building, privacy and
respect for patients, space
requirements, support of
family and friends
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5 CONCLUSIONS

The assessment of a facility’s performance is important not only to make future resource op-
timization decisions but also to improve the performance of its occupants, both of which
could result in significant financial and business benefits. Using KPIs for such assessments
provides an opportunity to select the performance metrics of interest. Literature has suggested
deriving a concise list of quantifiable and core indicators from published studies. This paper
focused on developing a concise but relevant list of five KPIs, which are quantifiable, and
which can assist with assessing facility performance comprehensively. With an intent to in-
clude only those indicators that can measure more than one aspect of a facility’s performance,
we focused on indicators that measure the physical condition, functional suitability, and re-
curring activities such as maintenance and replacement of a facility. We propose CI which
measures overall condition of a facility in financial terms and is dependent on maintenance
and replacement strategies. To measure individual contribution of a facility’s maintenance
and replacement strategies, we propose two indicators, namely MEI and REL. It is important
to note that all three indicators (CI, MEI, and REI) influence one another and a tool that can
analyze their mutual impacts is currently lacking. In the literature, the assessment of space
utilization has also been emphasized. Two qualitative KPIs are proposed to evaluate indoor
and outdoor environmental quality and user perception. Both of these qualitative indicators
can significantly affect an organization’s business performance by affecting employees’
productivity and turn-over rates. Our next phase of the study will include investigating the
mutual relationships between the five KPIs, as proposed and developed in this paper.
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ABSTRACT

Purpose: This paper presents the theoretical underpinnings of the ‘Integrated Feeder Factors
Framework (I3F)’. 13F is intended to assess the maturity of FM industry (FMi) at a country
level.

Background: The paper discusses the tenets of I3F as a tool for assessing maturity of the
FMi at country level. It identifies the key factors driving the development and maturity of FM
industry. It further elaborates on the assumptions, assessment procedures and level of maturi-
ty assessed under I3F.

Approach: In the identification of the key factors for the maturity of FM, data were gathered
through intensive review of literature. The analysis was performed using content analysis.

Results: This is a theoretical paper which articulates the conceptual development of I3F and
gives a step by step approach for analysing the maturity of the FM industry within a country.
Empirical data to validate I3F is the subject of another paper.

Practical Implications: I3F is an approach which can be used as a road map for setting de-
velopment plans for FM industry within a country. It gives an opportunity to FM stakeholders
to identify the performance of each of the key factors which contribute towards the maturity
of FM.

Research Limitations: This is a theoretical paper and the assumptions made in it have to be
tested before the final conclusions on the applicability of the framework can be made. How-
ever, the factors and the assumptions were validated by 55 FM experts from various parts of
the world.

Originality/Value: This is the first research which articulates the theoretical underpinnings
of the I3F. The results are useful to FM stakeholders and policy makers.

Keywords: Feeder Factors, I3F, Facilities Management Industry Maturity
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1 INTRODUCTION

This is a theoretical paper intended to articulate the fundamentals of “/ntegrated Feeder Fac-
tors Framework or I3F”. The framework is developed as a tool for assessing maturity of the
FM industries in various countries. It is developed based on the intensive review of existing
published literature. In essence, the framework provides a road-map to help stakeholders in
Facilities Management (FM) to chart plans for the progression and longevity of the industry.
The research breaks the norm by extending the assessment of maturity beyond organisation
levels.

Assessing an industry maturity provides a base for interpreting, ascertaining and comparing
industry capabilities at micro (organisation) and macro (country) levels (Mettler and Rohner,
2009; Wills and Rankin, 2010). At the micro level, maturity has been used in benchmarking
the capabilities and performance of an organisation against the best practice or other peers
within the industry (de Bruin et.al, 2005; Wills and Rankin, 2010). Wills and Rankin (2010)
suggest that the maturity of an industry with respect to its key practices informs the stake-
holders of how effective and efficient the industry is in achieving its objectives. A high level
of maturity tends to indicate an effective deployment of scarce resources in response to
changing technological and societal environment (Marshall and Mitchell, 2002).

In order to meet the demands and expectations of a dynamic, increasingly global business
world, FM professionals has to develop state of the art capabilities which will enable them to
operate effectively and efficiently. The development of new skills and capabilities in FM has
been a challenge, even for developed countries. Thus, this paper uses literature in responding
to questions such as; what factors are essential in elevating the FM industry to the next level?
How can these factors be organised to realise maturity? How do we know the next mature
state for the FM industry?

2 STATE OF THE ART

The concept of maturity is not new for the FM industry. There are two reasons to support this
statement. In the first instance, maturity was one of the issues discussed in the first EuroFM
conference on Facilities Management held in Glasgow in 1990. The conference objectives,
among others, were set with the aim of developing facilities management research and educa-
tion into a “more mature activity” (Alexander et.al, 2004). The symposium pointed out that
the connection between education, research and practice is a critical means of steering FM
education and research into maturity. In the second instance, there have been efforts to meas-
ure FM maturity based on a number of criteria. The most dominant FM maturity measures
involve the use of market data (macro-level) or processes within an organisation (micro-
level).

Market data tends to measure maturity based on the contribution of FM as an economic activ-
ity to GDP and the number of employment created (Gunton, 1999; Moss, 2007; Teichmann,
2009; Jensen, 2010a and Duchamps, 2010). Also, maturity has been estimated based on the
volume of in-house and outsourced activities (Teichmann, 2009 and Jensen, 2009; 2010a).
However the use of market data to assess FM maturity has been criticized due to its incon-
sistent results. In the United Kingdom (UK) for example, Moss (2007) indicated that FM in-
dustry was estimated to contribute between £4.5 billion to £187 billion within the same time
span. Jensen (2010a) has also shown that studies carried out to estimate maturity in Nordic
countries had come up with different maturity levels. He observed that while Cap-Gemini had
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classified Sweden as the most developed FM market; Toni et.al. (2010) identified Denmark
as an advance market. Both Moss (2007) and Jensen (2010a) urge that FM market data
should be used with caution in determining the level of maturity due to possible discrepan-
cies. The influence of process capability maturity models (CMM) has also been extended to
the FM industry (Turner, 2009, Amaratunga et.al, 2008 and Hinks, 1998).

CMM based models consider FM maturity by evaluating the performance of internal capa-
bilities within organisations. Since these models deal only with organisational performance
attributes, it is difficult to apply them to a wider country context which is the intention of this
paper. Also it is difficult to assess maturity of FM as an industry based on internal processes
alone due to its diversified nature. Assessing the maturity of an industry requires an inclusive
framework taking into consideration a range of macro factors.

3 APPROACH IN THE IDENTIFICATION OF MACRO FACTORS

3.1 Identification of factors influencing the development of FM Industry

The foundation for the identification of the six factors was the understanding that FM is an
industry (Banyani and Then, 2010). The classification of FM as an industry is due to its abil-
ity to meet four attributes of an industry (i) provision of products and services (ii) generation
of income & creation of employment (iii) systematic performance of the activities & pro-
spects of continuity, and iv) ability to tend, preserve & improve its stock of resources. In
identification of the factors essential for the development and maturity of the FM industry,
hermeneutics and content analysis were used. The processes involved in the identification of
the factors were broken down into the ‘pre-understanding’ and ‘understanding’ phases:

3.1.1 Generic pre-review of publications in Facilities Management: Pre-understanding

At the pre-understanding stage, a review of FM literature was conducted with the purpose of
identifying essential factors that influence the development of FM industry within a country.
The research reviewed a total of 66 publications (books, conference papers and journal pa-
pers) and two official websites. The choice of the sources was based on purposive sampling
aimed at identifying sources with rich information on the subject matter. In specific terms the
identified factors were supposed to be related or contributing to the development of the above
four attributes of an industry. Out of these sources 43 (65%) were found to comply with the
set criterion. The in-depth review of the 43 sources was conducted for the purposes of identi-
fying a link between outcomes of the FM literature review and the four attributes of an indus-

try.

3.1.2  Creation of themes and Key words from original text

The process of analysing the publications was performed using a three column table. The
paragraphs containing text showing discussion of factors influencing the development of FM
was the starting point of the analysis. The original content of the each of the publications was
recorded in verbatim in column 2 of Table 1. The first column had the author’s name and the
year of publication. Each of the words within the paragraphs were analysed to identify the
context within which they were used. The identified key words were recorded in the last col-
umn of Table 1.

In some situations the identified paragraphs had used the key words in the needed form, while
in others the interpretation of the context was conducted by researchers. The interpretation of
the words required the pre-understanding of the context within which they were used. For
example Alexander (1996) had a long paragraph which proposed the roles which ought to be
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played by the professional bodies. Among the roles, he proposed the professional bodies to
‘create the condition to promote advancement of the discipline’. These conditions have been
interpreted in this study as “the FM Business Environment” which is essential for the recogni-
tion and longevity of the FM industry. Likewise, words such as FM profession (Park, 1998);
the field of FM (Cairns and Beech, 1999; Nutt, 1998), practitioners (Alexander, 1996); exper-
tise (Grimshaw, 2001) were interpreted to mean the “Practice of FM.”

Table 1: Distribution of the factors in the chosen FM Literature

S/N Author Factors

Practice | Market Education Environment Professional bodies Research
1. Then and Akhlaghi. 1992 v v v v
2. Park, 1998 v v v v
3. Clark and Hinxman, 1999 v v v v
4. Cairns and Beech, 1999 v v v
5. Lomas, 1999 v v v v
6. Nutt, 1999 v v v
7. Nutt and McLennan, 2000 v v v
8. Grimshaw, 2001 v v v v
9. Lord, et.al. 2002 v v v v v
10. Price, 2003 v v v v v
11. Alexander et.al., 2004 v v v
12. Moore and Finch, 2004 v v
13. Warren and Heng, 2005 v v v v v
14. Mudrak et.al. 2004 v v v
15. Tonono and Buys, 2008 v v v
16. Yiu, 2008 v v v
17. Bon et.al. 1998 v v
18. Becker, 1990 v v v v
19. De Valence, 2005 v v v
20. Spedding and Holmes, 1994 v v
21. Atkin and Brooks (2005) v v v v
22. Cotts, et.al., 2009 v v v v
23. Junghans and Olsson, 2012 v v v
24. Warren, 2006 v v v
25. Hansen, 2012 v v v
26. Jensen, 2012 v v v v v
27. Nenonen, 2012 v v v
28. Carsten, 2012 v v v v v
29. Varcoe, 2010 v v v v
30. Gunton, 1999 v v
31 Moss, 2007 v v v
32 Gates, 2011 v v v v
33 Jensen, 2009 v v v
34 BIFM, 2009 v v v v
35 IFMA, 2011 v v v v v v
36 Maliene et.al, 2008 v v v
37 Alexander, 1996 v v v v v v
38 Nutt, 1998 v v v v
39 Sievert, 1998 v v v
40 Chotipanich and Nutt, 2008 v v v
41 Owen, 1987 v v v
42 Waheed and Fernie, 2009 v v v
43 Alexander, 2008 v v v v v
Frequency 36 34 28 19 18 21
Rank 1 2 3 5 6 4

The word ‘practice’ which has been widely used in FM literature represents people conduct-
ing activities related to facilities management as suppliers/providers (in this study these peo-
ple are referred to as FM Supply Market) and those working on behalf of the clients (FM Or-
ganisation Practice). The roles and responsibilities played by these two groups of people are
different. One is a coordinator and representing a buyer while the other is a seller. Thus, the
use of the word ‘practice’ to refer to all people participating in the industry is not wholly ap-
propriate. Therefore, these two groups are separated and defined independently. While some
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interpretations of the concepts used in the earlier text have been performed, care was taken to
ensure that the original meaning is not distorted. This is one of the advantages of hermeneu-
tics; it gives flexibility of interpreting to the context of the text while ensuring its originality.
The analysis of the publications resulted in the identification of six key words which ap-
peared repeatedly in varying frequencies. The identified key words were practice, market,
education, professional bodies, research and environment (Table 1). In an attempt to increase
clarity, the factors were renamed FM Organisation Practice, FM Supply Market, FM Educa-
tion, FM Professional Bodies, FM Research and FM Business Environment.

Understanding of the Relationship between the attributes and the factors

The results of the in-depth review of the 43 published literatures in FM revealed that the four
attributes of an industry are output factors. These attributes are the results of other interrelat-
ed and interdependent factors. For example; to enable generation of income, an industry re-
quires clear evidence of the existence of a demand side (purchasers of the services) and a
supply side (FM suppliers/providers). If one of the two sides does not exist, no transactions
will be concluded. Similarly, in-order to create employment, an industry requires the two
factors above and the availability of manpower, both skilled and unskilled. Skilled manpower
requires specialised training. This suggests that an industry will need training institutions and
research centres to be able to develop the required skilled manpower. The relationship be-
tween the four industry attributes and the identified essential enabling factors is shown in

Figures la to 1d.

Figure 1a: Relationships between attribute ‘provision of

product or services’ and the six factors

Figure 1b: Relationships between attribute ‘Generation of
income & creation of Employment’ and the six factors
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Figure 1d: Relationship between Attribute ‘Tending to, Preserving
and Improving its Stock of resources’ and the six factors
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Figures 1a to 1d each illustrates that each one of the four attributes of an industry requires
inputs from the six feeder factors. Their existence and interactions contribute to the overall
development of the facilities management industry within an economy.

4 JUSTIFICATION AND THEORETICAL UNDERPINNINGS

4.1 Justification for an Integrated Framework for Assessing the Maturity of FMi

Facilities management is a very diverse and broad based industry. Varcoe (2010) considers
FM as a fractured industry that borrows its competences from other industries and profes-
sions. This diversity in FM points to the importance of integration compared to other profes-
sions. The viability of integration in the FM industry is based on the need to make the diverse
activities, professions and trades share a common understanding towards their newly chosen
area of specialisation. The need for an integrated approach to FM is not new (Then, 2003).
The nature of any integration is to make different parts of the system or society interact, con-
nect and validate each other for their mutual benefits. Integration also helps to understand the
requirements and capabilities of each of the component parts, i.e. feeder factors. For example,
Jensen (2010a) argues that the establishment of professional bodies and the need for profes-
sionalisation friggered the requirement for specialised knowledge (education). Earlier on,
Becker (1990) noted that many of the ideas embodied in the Cornell’s University approach to
facilities planning and management (education) were included in the IFMA’s “Facility Man-
agement Curriculum Degree Program” (professional body). Hinks et.al (2007), suggested that
widespread innovation in FM requires macro-level cooperation between sectors of FM sup-
ply (supply market) and FM demand (FM Organisation Practice). Alexander (1996) proposes
collaboration between academics, research and practitioners (supply market and organisation
practice), while De-Bruijn et. al (2001) advocate for a link between education and industry
(suppliers and professionals working on behalf of clients). The need to link or integrate edu-
cation, practice and research has also featured prominently in FM literature (McLennan and
Nutt, 1992; Nutt, 1999; Lomas, 1999 and Noor and Pitt, 2010).

The lack of integration has been identified as one of the factors that inhibit recognition and
development of the FM industry. Gabru (2008) argued that FM in South Africa is not recog-
nised as an independent industry which has resulted in lack of market data, uncertain size of
the industry, unknown rate of employment and its contribution to the gross domestic product.
Finch (2007) is of the opinion that FM (industry) has not been able to embrace research; this
has created a gap between academics and commercial communities. This is also the view
held by Varcoe (2010) who observed that FM research is not receiving enough support from
the industry.

The above review supports the view that it is essential that the factors that enable the FM
industry to progress are integrated into a formalised system. It is argued that the overall inte-
gration will bring about a sense of involvement, affiliation and co-operation. Thus, it is con-
sidered that the feeder factors will strive to achieve their primary objectives while consider-
ing the contribution they make to other feeders and the overall industry. Similarly, each feed-
er factor will make use of the contribution(s) from other feeders for its own development.

4.2 The Integrated Feeder Factors Framework (I13F)

The term ‘feeder factors’ deduces its meaning from the idea that each factor contributes to the
development of the FM industry, and at the same time gives to/and or receives contributions
from the other factors. The contribution depends on the dominant progression and integration
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level of the feeder factors as assessed using the ‘feeder factors progression and integration
matrices’ which have been developed as part of this research. Feeder Factors Dominant Pro-
gression is assessed based on the Feeder Factors Progression Matrices. These matrices con-
tain tabulated information which represents the evolution of each of the 22 feeder factors cri-
teria shown in Figure 2 from lower to higher level. On the other hand, the dominant integra-
tion level is assessed based on the position of the four integration criteria i.e. co-ordination,
trust, interdependence and influence within the integration matrix. The maturity level of the
FM industry within a country depends on the assessed dominant progression and integration
levels. The resulting framework is known as Integrated Feeder Factors Framework as illus-
trated in Figure 2.

Figure 2: Integrated Feeder Factors Framework (I3F)
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4.2.1 Graphical Representation of the Integrated Feeder Factors Framework (I3F)

The Integrated Feeder Factors Framework is represented as a circular model in which the
industry (at the centre) is surrounded by the six feeder factors and connected by bold and dot-
ted lines. The bold lines represent the relationships between the feeder factors and the FM
industry (Figure 2). The double arrowed bold lines indicate that the feeder factors will con-
tribute into the industry and equally will receive contributions from it. On the other hand, the
dotted lines represent the relationships between the feeder factors. These are also double ar-
rowed lines which indicate a bi-lateral relationship between each of the feeders. The interac-
tions (between the factors) show how each feeder factor is related (integrated) to/fed (level of
contribution) by the other five factors. The lines used in the graphical representation of the
I3F represent both the level of contribution and the interactions of the factors. The construc-
tion has taken into considerations the fact that the interaction (integration) between the feeder
factors is inherent within the feeding (level of contribution to/or from others) process.
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Figure 2 illustrates that each of the feeder factors has a number of criteria. In total there are
22 criteria which were identified to be important in defining the progression level of the indi-
vidual feeder factors. It is the evolution of these criteria which in turn determine the progres-
sion of the feeder factors, their integration and the overall FM industry within a country.

4.2.2 The Feeding Process

It has been discussed in the last section that the I3F framework is built on the premises that
each of the feeder factors plays two major roles. In the first role, the feeder factors feeds into
the industry; while in the second, each feeder factor feeds into each other.

Feeder - FM industry (FMi) Interfaces

In the first role, each feeder factor contributes towards the development of the FM industry
independently depending on the degree of its progression and receives a contribution from
the industry (as indicated by double arrow lines in Figure 2). The assumption is that the in-
dustry will receive a contribution from the each of the feeder factors depending on its level of
progression and integration. In countries where the feeder factors are at the lower tier of pro-
gression, their overall contribution into the industry is expected to be minimal. The contribu-
tion will increase as the industry evolves up the next stage until it reaches the highest level of
maturity. The level of contribution from each of these feeder factors will reflect the level of
professionalism and capabilities available within a country.

Equally, the level of the maturity of FMi will have a bearing in the contribution it offers to
individual feeders. For example, in a country where the state of the industry is immature
without specialised FM competences and sophistication; the feeder factors will be at the low-
er tier of progression or absent in which case the FM activities are likely to depend on tradi-
tional FM-related professionals. However, this will change as the FM industry gains a foot-
hold within a country and gradually assumes more responsibilities at both organisational and
country level.

Feeder - Feeder Interfaces

In the second role, while feeding into the FM industry, the feeders will also ‘feed’ and ‘re-
ceive’ contributions from the other five (5) feeder factors (as indicated by the dotted lines in
Figure 2), depending on their progression and their level of integration. If the feeder factors
are at the lower tiers of development, their contributions to other feeder factors will also be
low. However, when the feeder factors are at the higher levels of development and integration
their contribution will be higher. The contributions of the feeder factors to each other will
also change as the feeder factors evolve over time due to demands from the other feeders.

4.2.3 Assessment of Maturity using I3F

In order to effectively assess maturity of the FM industry; the Integrated Feeder Factors
Framework requires the assessor to assess three important facets:

(1) Determination of the ‘Dominant Progression Levels’

The ‘Dominant Progression Level’ is the level within the feeder factors progression matrices

at which a majority of the 22 criteria are located as shown in Table 2. In order to determine

the ‘dominant progression level’ the assessor has to match the observed patterns (The pat-

terns established from the interviews with the local FM experts) with the predicted patterns

which are evolutionary progression levels summarised in the ‘Feeder Factors Progression

Matrices’. The matching of the two patterns is essential in establishing a datum or common
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level at which majority of the criteria within the feeder factor are found within a country as
shown in Table 2. The table shows that a majority of the criteria are found at Level III and a
few are found at Level IV of the Feeder Factors Progression Matrices. This indicates that in
the case country the dominant progression level of the feeder factors is at Level II1.

Table 2: Dominant Progression Level

Feeder Factor Attribute I 1 11 v
1. FM Organisation Progress 1. Positioning 7
2. Range of Services v
3. Mode of Services Procurement v
4. Contract Management Approaches v
5. In-house Competence v
6.  Role of FM Organisation v
2. FM Business Environment 7. Political Environment 7
8. Economic Environment v
9. Social Environment v
10.  Technological Environment v
3. FM Supply Market 11.  Suppliers’ Customers Base v
12.  Procurement Options v
13.  FM Market Information v
4. FM Professional Bodies 14.  The Nature of Representation v
15.  Membership Attributes v
16.  Professional Training v
17. Distribution of Branches v
5. EM Education 18.  Number of Courses v
19.  Contents of the Courses v
20. Level of Courses v
6. FM Research 21.  Existence of Research Centres v
22.  Evidence of Publications v

Frequency

Dominant Progress Level

(i1) Determination of the ‘Dominant Integration Level’.

As above, the assessor is required to determine the *Dominant Integration Level’. This is a
level in the I3F where a majority of the integration criteria are found. The assessor has to de-
termine this level based on the evolution levels summarised in the ‘Feeder Factors Integra-
tion Matrix’. For illustration purposes Table 3 shows an assessment of the dominant integra-
tion level in one country. The assessment is also based on the predicted and observed pat-
terns. Table 3 shows that the dominant integration level is at Level III.

Table 3: Dominant Integration Level

Criteria Dominant Integration Level
1 11 111 v
Coordination v
Interdependence v
Trust v
Influence v
Frequency 0 0 3 1

Dominant Integration Level

(ii1))  Assess ‘Maturity Level’

There are four conditions governing the decision on the level of maturity of the FM industry
within a country, which are:

(a) ‘The higher the position of the feeder factor criteria within the matrices the higher the
progression’
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Individual feeder factors progression is evaluated based on the progress of their criteria as
defined by their positions on the Feeder Factors Progression Matrices. The matrices are de-
signed with four levels of development ranging from Level I (the least developed) to Level
IV (most developed). The assessed ‘dominant progression levels’ of each criteria influencing
the maturity of the feeder factors are used to map the overall level of progression of the feed-
er factors within a country. The level of progression of the feeder factors is shown on the ver-
tical axis of Figure 3.

(b) ‘The higher the position of integration criteria within the matrix, the higher the integra-
tion levels’

The mutual reinforcement (integration) resulting from the interaction between the feeders as
assessed by four criteria namely co-ordination, interdependence, trust and influence. The
degree of interaction amongst the feeders is evaluated based on integration level as defined in
the Feeder Factors Integration Matrix. The matrix is designed as four-level incremental stag-
es. Level I of integration is considered to be the lowest and Level IV, the highest. The as-
sessed ‘dominant integration levels’ of each criteria influencing the integration of the feeder
factors are used to map the overall level of integration of the feeder factors within a country.
The level of ‘integration’ between feeder factors is shown in the horizontal axis of Figure3.

(c) ‘The maturity of FM industry increases as the dominant progression and integration lev-
els increase’

The maturity of the facilities management industry (FMi) increases as the dominant progres-
sion and integration levels increase. It is postulated that the progression and integration levels
normally match at a certain specific level along the diagonal boxes as shown in Figure3. At
the Initial Formative Stage (IFS), both ‘progression’ and ‘integration’ levels are assessed at
Level I. Similarly, at the Full Mature Stage, progression and integration levels are assessed at
Level IV. In other words there is a positive correlation between the ‘dominant progression
levels’ and ‘dominant integration levels’.

(d) ‘Higher levels of progression may occur in lower levels of integration’

The three conditions above suggest that there is a positive correlation between the feeder fac-
tors progression and integration levels on one side and the levels of maturity on the other. It is
suggested that, the highly developed feeder factors will be found at the higher levels of inte-
gration. However, there could be some exemptions of this ideal situation; where lower levels
of integration may occur even in the highly progressed feeder factors (especially at middle
two transition stages in Figure 3). In this case, the progression of the feeder factors may be
influenced by individual internal policies, internal motivation and working approaches rather
than integration with other factors. On the other hand, it is not possible for the higher integra-
tions to occur at the lower levels of progression due to the fact that coordination, trust, inter-
dependence and influence are hard to find at the lower levels of maturity.

After assessing the dominant progression and integration levels the framework categorises
the FM industry maturity into four levels of maturity. The levels varies from the Initial
Formative Stage (IFS) which defines the progression and integration levels at Level I; Form-
ative Transition Stage (FTS), which signifies the dominant progression and integration levels
at Level II; Developmental Transition Stage (DTS) which indicates that the dominant pro-
gression and integration levels are within Level III and Full Mature Stage (FMS) which is a
fully developed industry showing that the assessment of progression and integrations is at
Level IV. These four levels of maturity are shown in Figure 3.
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Figure 3: Progression and Integration of FMi
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4.2.4 Exceptions to the general rules
(a) Exceptions on Dominant Progression and Integration Levels: In a situation where it is

(b)

5

difficult to establish ‘dominant progression or integration level’ of criteria influencing
the feeder factor(s) due to a spread of the opinion over the four levels, the two ‘dominant
rules’ are applied.

(1) In case one or some of the criteria are within ‘dominant progression level’ and one

or all of the remaining criteria are at higher levels; the factor shall be considered to
be in the ‘dominant progression level’. For avoidance of doubt; if three criteria are
distributed in three progression Levels (II, III and IV) and the ‘dominant progres-
sion level’ of other criteria is at Level III. The ‘dominant progression level’ of the
feeder factor under evaluation shall be at Level III; equal to other feeder factors. For
feeder factors with two criteria, if one of them is on the dominant progression level
and the other on the higher level, the factor is considered to be within the dominant
level.

(i1)) However, if one or some criteria are in ‘dominant progression level’ and other crite-

ria are in lower levels, the feeder factor shall be considered to be in the ‘Tmmediate
lower range of the dominant progression level’. In case the criteria are distributed in
three progression Levels (I, II and III) under the same ‘dominant progression level’
used above (Level III). The dominant progression level of the feeder factor under
evaluation will be at Level II; i.e. (lower than the dominant progression level).

Exceptions in Maturity Assessment: In case, where ‘dominant progression’ and ‘domi-
nant integration’ are at difference levels; the level with ‘the highest frequency’” will be
selected. The level such established will be used to make a decision on the maturity of
the FMi.

PRACTICAL IMPLICATIONS

Facilities Management (FM), as an organised profession, is relatively new, and is often seen
as fragmented in the eyes of existing traditional professions. In many countries economic
activities associated with facilities management are still not recognised as a distinct profes-
sional sector by clients, senior management or the general public. However, in recent years,
statistics relating to the size and scope of facilities management as a distinct economic activi-
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ty within a national economy are starting to emerge. In terms of maturity status; FM has been
variously described as ‘emerging, developing or mature’ at the same time, even within the
same country. This is an indication of a lack of integrative tool to assess the maturity status of
the industry. There have been various efforts intended to promote recognition and to elevate
the status of FM. These efforts are mainly directed at the assessment of FM maturity within
an organisation rather than industry wide. This research contributes a road map for assessing
the developmental status of the FM industry within a country using the proposed ‘Integrated
Feeder Factors Framework (I3F-‘I Triple F’). This was developed as part of a doctoral re-
search project. An understanding of FM maturity level is essential in three reasons: (1) it
identifies the performance potential/contribution of the FM industry/sector within a country;
(2) it can be used in initiating an informed dialogue between the FM stakeholders and policy
makers in considering ways of elevating the status of the FM industry within an economy; (3)
assist in devising appropriate strategies, plans and measures for the progressive development
and longevity of the FM industry within a country.

6 CONCLUSION

This research has introduced and discussed the fundamentals of the “Integrated Feeder Fac-
tors Framework”. This framework is an integrative approach intended to assess the maturity
of the FM industry at a country level. The framework and its components were successful
validated by FM experts from various parts of the world and it was tested in five countries
namely Tanzania, Hong Kong, Denmark, Norway and the United Kingdom. The results for
validation and testing of the framework are the subject of another paper. This research repre-
sents a new approach in assessing an industry maturity. Whilst all the necessary assumptions
have been considered during theoretical construction, validation and testing phases; it is ex-
pected that further empirical studies, especially on a wider scale, can provide more insights
on the applicability of the framework. This framework can serve as a basis for evaluating the
developmental potential and comparison of FM industries between various countries. It can
also be used by stakeholders in FM to identified areas where the industry is not performing
for the purposes of continuous improvement.
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ABSTRACT

Purpose: The aim of this paper is to demonstrate what kind of impact incomplete infor-
mation (i.e. making-do) has on a FM service process.

Background: The discussion of the capability of FM to create value for various organisa-
tions and individuals is active. Although FM has the capability to create value, recent studies
have shown that value is not created efficiently but is constantly interrupted. In addition to
interruptions, service processes include a lot of unnecessary work decreasing the efficiency.
In this paper, the focus is on the unnecessary work, namely making-do. Making-do refers to
the activities that are performed although the information is incomplete or not available.

Approach: An in-depth demonstration on making-do is presented via a single case study.

Results: The analysis of the case process demonstrates that a great deal of activities became
making-do because the initial information was incomplete. Also a great deal of next phases
were started or prepared long ahead although the outcome of the previous phase was not
ready or available. Because of this, employees were performing activities that were not sup-
porting value creation such as structuring and negotiating unnecessary contracts and making
unnecessary designs.

Practical implications: Making-do provides a new perspective for practitioners and academ-
ics in the field of FM to study the productivity of the production phase of FM services.

Research limitations: This research is limited to a single case study. However, similar re-
sults in other fields for example in lean construction indicate that making-do is not solely a
plague in FM. The theory in other fields has already pointed ways to remove making-do so in
the future more constructive research could be done to reduce the making-do.

Originality/value: The new concept, making-do, adapted from lean construction is intro-
duced to the field of FM.
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1 INTRODUCTION

Facilities management (FM) has been identified to add value to organisations and their core
businesses (e.g. Jensen et al. 2012, Lindholm 2008, Appel-Meulenbroek and Feijts 2007).
However, recent studies have also showed that the value creation phase, where input is trans-
ferred into output, has a limited capability to produce that value (Jylhd 2013). In other words,
not all of the potential of the added value of FM is transferred in the production phase of the
services. In this paper, the focus is on the non-value adding activity called making-do. Mak-
ing-do refers to the activities that are performed although the outcome of the previous sub-
process is not available (Koskela 2004). In this paper, the aim is to demonstrate making-do
and its impact on a service process. The demonstration is displayed in a single case study.

The theoretical background of making-do is in lean management (Koskela 2004). Lean has
many concepts, tools, and techniques, but the central idea is coined with waste minimisation.
In general, activities in a service process can be divided into three categories:

(1) Value adding activities
(2) Non-value adding activities
3) Non-value adding but necessary activities

In general, the proportion of value adding activities is surprisingly low. For example, Hines et
al. (2011) argues that only 1-5 per cent of activities add value to the customer. Therefore, it
can be argued that most productivity gains can be achieved by minimizing the non-value add-
ing activities, i.e. waste, instead of solely improving the value adding activities. The concept
of waste is one of the key fundamentals in lean management.

In this paper, the focus is on waste called making-do: its existence and impact on the service
process is demonstrated in a facility management context via a case study. In the case study,
the service provider is a public utility that manages the governmental premises in Finland. In
the case service process, the service provider searches for a solution for their customer, which
is centralising its operations in the Helsinki Metropolitan Area. In other words, the service
provider searches for suitable premises for its customer. The case process is visualised based
on written material and interviews. The visualised process is validated in a workshop with the
service provider, i.e. the process owner.

This paper is divided into six sections. After the introduction, the theoretical framework of
waste and particularly making-do is presented. After this, the research approach and methods
are outlined. In the Results section, the making-do is demonstrated and after this practical
implications are presented. Finally, conclusions are drawn.

2 MAKING-DO AS WASTE

Koskela et al. (2012) have presented the historical development and diffusion of the concept
of waste. The results are interesting. According to their historical review, the concept of
waste was developed in the 19th century. At that time waste covered moral and material as-
pects. In 1880-1930 the concept of waste was flourishing in the scientific management due to
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the Efficiency Movement. Waste was a central concept among practitioners and academics.
However, after this the concept of waste declined in published literature until it re-emerged
with the growing interest towards Toyota Production System. In lean manufacturing, seven
types of waste are widely discussed and accepted (Ohno 1989):

(1) waste of overproduction

(2) waste of time on hand (waiting)

(3) waste of transportation

(4) waste of processing itself

(5) waste of stock on hand (inventory)
(6) waste of movement

(7) waste of making defective products

According to Ohno (1989), the waste of overproduction is the mother of all other waste types,
because it generates a lot of other waste. For example, when products are overproduced, a lot
of waste activities are conducted when transporting the extra products from a warehouse to
another, when the products are moved inside the warehouse, when a product is located in the
warehouse without adding any value to anyone, and when products are damaged for example
when they are moved.

In addition to the seven traditional waste types, Koskela (2004) has introduced making-do as
the eighth category of waste in his own discipline, namely in lean construction. Koskela
(2004) has adapted making-do from Ronen (1992), who used the term complete kit. Complete
kit refers to a set of components or information that are needed to finish a job. Therefore, the
job should not be started with an incomplete kit (Ronen 1992). Ronen (1992) presented ten
shortcomings relating to incomplete kit. In the lean production context these can be described
as follows:

(1) More-work-in-process. The task is waiting for missing components or information
and the production typically gets jammed in a certain phase that creates more unfin-
ished work in the process.

(2) Longer lead time. Because of the missing components or information, activities are
often done more than once. This kind of double handling etc. increases lead times.

(3) High variance of quoted lead times. The variance of the lead times increases, when
it is not known when missing components or information will arrive.

(4) Poor quality and more rework. Unfinished work causes poor quality. When an un-
finished task is waiting for a missing component or information, the outcome of the
task can be damaged or the missing component or information is not attached to the
outcome properly. This increases rework.

(5) Decline in throughput. When an incomplete item or service is in the production pro-
cess, other items or services have to wait.

(6) Decline in productivity. Due to the incomplete kit, double handling, rework, and oth-
er waste activities are carried in the production, which decreased productivity.

(7) More operating expenses. Due to the waste activities, unnecessary operating costs
are paid.

(8) Decline in employees’ motivation. When the missing component or information ar-
rives, that task gets the top priority although the flow might be disturbed after a little
while at the next task. Employees are frustrated because they know that they are doing
wasted activities and the process does not function optimally.
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(9) Increase in complexity of controls. To control all the unfinished jobs becomes more
and more difficult.

(10) Less effort to ensure arrival of the missing Kit items. The initiated job, although it
does not include a complete kit, gives an illusion that effort is made to get the job
done. Unfortunately, after the initiation less effort is aimed to ensure the job is done.

3 RESEARCH APPROACH

The demonstration of making-do is conducted via a single case study. In the case study, the
service provider is a public organisation that manages and leases governmental premises in
Finland. The case organisation has a major role in the Finnish real estate sector: it manages in
total 11 000 buildings including 6.5 million sq m of premises.

In the selected case service process, the service provider searched for a solution for a state
agency that was centralising its activities in the Helsinki Metropolitan Area (HMA). Initially
the customer had premises in more than 10 locations in the HMA. The responsibility of the
service provider is to find a solution, i.e., new premises that suit the customer’s needs. In this
paper, the case process does not include the actual construction or renovation but covers the
phase, in which the solution is identified and an agreement is made between the service pro-
vider and the customer.

The data collection, analysis, and validation of the results are illustrated in Figure 1. The re-
search process included four phases. In the first phase, the case was selected and defined to-
gether with the representatives of the service provider. After this the data collection was initi-
ated by two preliminary interviews. In these preliminary meetings, a responsible employee,
who had a central role in the case process, presented an overview of the process. After this,
written material, such as memos from planning and project meetings, presentations and con-
tracts, were collected to visualise the case process in more detail.

Figure 1: Case study process

Phase 1: Selection of the case process

Phase 2: Data collection
- 2 preliminary interviews E>

- Written material Phase 3: Visualisation of
- 4 supplementary <:| the case process
interviews

- 2 check-up meetings

1
] |

4. Validation of the case service process
- Review of the process by the service provider
- Workshop with the service provider

Data collection (phase 2) and visualisation of the case process (phase 3) were conducted as
parallel phases: the visualisation was constructed while the written material was received and
read. Because the written material could not cover all the turns in the plot, four supplemen-
tary interviews were conducted to fill in the missing spots. Also along the data collection and
visualisation, draft(s) of the process display were presented and discussed with the employee
who participated in the case process in order to correct possible misunderstandings. After the
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process display was conducted, it was validated in the phase four by the service provider and
once again by the responsible employee.

4 RESULTS

Next the results are presented. First, an overview of the service process is outlined and a vis-
ualisation is provided in Figure 2. Due to the business confidentialities, only an outline of the
service process is provided. After this, the making-do is demonstrated.

4.1 Overview of the service process

The studied service process spans from late autumn 2009 to early spring 2013 (Figure 2). The
process was initiated in late autumn 2009 when a need to rethink the workplace solution was
discussed with the customer. Quickly the service provider established a team to find a new
solution for the customer. In spring 2010, it was agreed that the activities from ten locations
will be centralised into two locations within a walking distance from each other. In line with
the previous requirements, the search to find two potential properties from the same area —
one from the service provider’s property portfolio and one from the lease market — began.

After initially testing and approving of the idea of centralising the activities of the customer
into two properties, in autumn 2010 (Figure 2) the service provider and customer negotiated a
service agreement where the parties agreed that the service provider will find suitable prem-
ises for the customer. After the service agreement was signed, the process moved on in two
fronts: a lease agreement was negotiated regarding the service provider’s property and more
suitable properties were searched and pre-analysed from the market.

A conditional lease agreement to the service provider’s property was signed before summer
2011 although it was not clear how many employees were going to be located in the building
and who those employees were exactly, i.e., it was not sure what kind of premises were need-
ed and how much of each type of premises was needed. This should have been agreed in the
building program but it was not yet conducted due to the organisational changes of the cus-
tomer. At the same time, the three most suitable premises from the market were selected and
bids were asked from the owners. However, at this point, bids were asked with defective in-
formation for the same reason as described above: the building program was not conducted
yet.

At the beginning of 2012, layout planning was started in the premises with the conditional
lease agreement (“Layout planning, Property A, Phase 1” in Figure 2). Layout planning was
initiated although the building program was undone. It was agreed that the layout planning
would be supplemented after the building program was completed. Also based on the bids,
the lease agreement negotiations were initiated regarding two properties from the market. The
lease agreement negotiations proceeded to the point where layout planning became a topical
issue as well. Therefore, the layout planning was initiated also in these premises although the
building program was not conducted. At the same time in late spring 2012, a building pro-
gram was conducted to cover the properties owned by the service provider. After this, the
layout planning was finalised regarding the premises of the service provider (“Layout Plan-
ning, Property A, Phase 2” in Figure 3).
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Figure 2: Visualisation of the case service process.
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In late summer 2012, the needs of the customer were crystallized: the customer concluded
that instead of two office locations, they prefer to centralise all activities into one location.
Because the previous premises were no longer an option, the service provider started to look
for premises all over again. In autumn 2012 new premises were searched for from the portfo-
lio of the service provider and from the market, and layout design and feasibility studies were
conducted to compare the financial and functional features of the new options.

Finally, the most suitable option was found and a new lease agreement was signed at the be-
ginning of spring 2013 (the last black box in Figure 2).

4.2  Making-do in the case service process
Next an analysis of the making-do is presented according to the shortcomings presented by
Ronen (1992):

(1) More-work-in-process. Due to missing initial information, other activities (such as
layout planning, negotiations and searching of premises) were started but not finally
finished. The missing information caused more work in the process because the tasks
could not be finished.

(2) Longer lead time. Due to the missing initial information, a lot of activities were done
more than once. For example, the search of premises, layout planning, agreements and
negotiations were conducted at least twice (please see Figure 2). In addition, the pro-
gress in the tasks that were conducted for the first time was longer than in the second
phase because of the missing initial information.

(3) High variance of quoted lead times. In the case, the solution was first attempted to
find with incomplete information for 2.5 years, but when the information was com-
pleted the solution was found in six months (please see Figure 2). This demonstrates
the variance in the lead times.

(4) Poor quality and more rework. In the case, a lot of the tasks were conducted twice
or it was agreed that the outcome of the tasks will be updated later — in terms of lean
thinking this means rework. For example, lease agreement, search of premises and
negotiations were conducted twice and rework was required in layout planning (in
Figure 2 relating to properties A, B and C), bidding, and comparison.

(5) Decline in throughput. Based on the empirical evidence, the authors cannot make
strong conclusions relating to decline in throughput. However, based on theoretical
analysis it is possible that the other duties of the employees were queued due to the
waste activities conducted in the case process.

(6) Decline in productivity. Because of the double work and rework, the productivity in
the case process decreased. When the completed initial information was received after
2.5 years, it took a bit over 0.5 year to find the solution. Therefore, the waste activities
during the first 2.5 years were decreasing the productivity of the service process.

(7) More operating expenses. In addition to the waste activities that were carried out by
the employees in the services provider’s organisation, also some services (for exam-
ple, the actual layout planning) were purchased from external service providers. After
the initial information was completed, work of the employees and the outcome of the
purchased service became waste but the expenses remained.

(8) Decline in employees’ motivation. For employees it is frustrating to notice that the
conducted work becomes waste. However, in the case study the findings are not total-
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ly in line with the idea of Ronen. In the case process, the employees were not sur-
prised that some of the earlier activities became waste. Therefore, it cannot be argued
that this had an enormous declining impact on employees’ motivation although the
situation was perceived frustrating.

(9) Increase in complexity of controls. In the case, the complexity increased gradually
when the process moved on. In spring 2012, the situation was challenging to control
because the initial information was still incomplete, the lease agreement to service
provider’s property was signed so the flexibility was limited, the negotiations with the
owners of the external properties were proceeded on a detailed level and the layout
planning was conducted with incomplete information. This created a complex envi-
ronment to manage.

(10) Less effort to ensure arrival of the missing kit items. In this case the reaction was
the opposite: the employees in the process were very keen on the missing information.
Soon after the initial information was completed, the process was started all over
again.

To summarise, the service provider ended up conducting a lot of making-do because the ini-
tial information was not correct when the service process began. In practice, almost all the
activities that were conducted from autumn 2009 to summer 2012 were making-do excluding
few exceptions such as strategic workplace management and maintaining contact between the
service provider and the customer. This is illustrated in Figure 2 with grey dots.

In addition, a lot of activities were also conducted although it was known that not all neces-
sary information was available to perform the activity defect-free. For example, several lay-
out plans, bids, premise searches, analyses and negotiations were carried out although the
information to conduct these activities was incomplete.

5 PRACTICAL IMPLICATIONS

On a practical level, the results of this paper encourage to wait until the information is com-
pleted. Ronen (1992) states that the idea of completed information should be part of the im-
plementation of Just-In-Time, Total Quality Management or other major philosophies. Ac-
cording to Koskela (2004), lean management could be one of the philosophies.

In lean construction, the elimination of making-do and other waste types has already begun.
On a construction site, a method called Last planner© has been developed for production
planning and control. According to Ballard (2000), who is one of the key developers of the
Last planner© method, a key element in the method is the percentage of assignments com-
pleted i.e., how completed the information is. This analogy has already been pointed out years
ago by Koskela (1999 and 2004) and Ballard (2000). The authors of this paper argue that a
similar kind of method is needed in the production of real estate services to minimise mak-
ing-do and other types of waste in order to increase the productivity.

6 CONCLUSION

In this paper the focus was on waste called making-do. Making-do refers to the activities that
are performed although the information is incomplete or not available. In this paper, making-
do was demonstrated in a FM context via a single case study.
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The demonstration shows that making-do was evident in the case service process. Because
activities were started without complete information, the employees ended up doing the same
things twice, were reworking, and a great deal of activities become waste. Although the re-
sults are limited to a single case study, reflecting the results to other service processes can
provide insight and understanding on the inefficiency challenges.

In the future, comparative studies in the public and private sector on making-do are required
to further validate the results. In the long term, it would be interesting to develop a production
planning method for FM service processes to remove the making-do and other waste types. A
successful method with waste elimination characteristics would improve the productivity of
FM service processes. This would create value not only for the FM practitioners but also for
the customer.
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