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SUMMARY': The feedback obtained from occupants regarding their comfort needs and performance of buildings
is critical for assessing occupant satisfaction, identifying the operation and maintef@&b4 issuesin time

and for improving resource efficiency in buildgs. Currentfacility managemen{FM) systems and occupant
feedback collection practices, howeveayelimitationsin supporting effective decisianaking in FM as they

lack the necessary contextual data related to the occupant feedback (e.g., buitdingrgesystems, elements).
Building Information Modeling (BIMgnabled FM systems are used for combining different types of FM
information with building models; however, occupant feedback is still not effectively utilized in FM since it is not
integratedwith BIM. In this study, 8IM integrated posbccupancy evaluation systgmototypeis developed for:

(1) collecting occupant feedback along with the contextual information related to the feedback items in a
structured way, and (2) presenting this infotioa asintegrated with BIM to the facility managers. This enables
conducting spatidgemporal queries and supports effective decisi@aking by visualizing the collected feedback.

The prototype was designed by using qualitative shadowing with FM teadesntifyi informatiomeedsanduse

case analysis to determine how contextual data integrated with BIM could be collected from office occupants who
are nontechnical persons with limited information on building mod@lsis paper identifies the FM query
categories that are required to process the occupant feedback and describes the RateWorkSpace prototype
developed for office buildings. The deployment of the prototype in avogll office demonstratethat the
proposed system is applicable, practical, usalsnd that reattime building performance data can beth
collected and analysed with the develoggdtem. fis has the potential tincrease the effectiveness of the FM

and O&M processes, and help to create office spaces with optimized energy usewgrahbcomfort that also
supports occupant welleing and productivity.

KEYWORDS:facility managemenbccupant feedbaclpostoccupancy evaluation (POHR)uilding information
modeling (BIM) office building, usecaseanalysis
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1. INTRODUCTION

Occupants are considered the most reliable source of information about their comfort needs (Jzr20&4
Frontczaket al,2012)and occupant feedback is as important as the sensor data for evaluating the performance of
facilities (Azar and Menassa016 Li et al,2018) since automated controls often fail to meet occupant needs
(LunaNavarro et al, 2021). It has been widely recdgr ed t hat i ncreasing occupan
environment improves occupant comfort (Andargie and A4&#r9). However, the role of building occupants has

not been sufficiently considered to date (Kjeergaarel,2020), and current systems mostly\pde conditions

based on standards or mean preference values resulting in decreased occupant satisfactibal(Pailo).
Occupant satisfaction is considered a key performance indicator (KPI) in facility management (FM) along with
maintenance efficieng cost to operate, labor hours spent, and system availability gtaaty2014). Occupant
feedback is the primary tool for assessing occupant satisfaction, which is also a significant factor in employee
well-being, cognitive functions, and productivigqrkmazet al,201Q Wanget al,2021, Mansor and Shealting,

202Q Sunet al,2020),as well ador determining the actual performance of the building for comparingits to

design performance (Bordasz003). Instant occupant feedback helps to diagopsgation and maintenance
(O&M) issues rapidly (e.g., overheating, repair needs), and it often results in saving resources (e.g., energy,
building materials) (Way and Bordag2805 Hanet al,2019). Moreover, it assists the decisioakers in adjusting

sd points to optimize energy use and comfort (Schb#l,2012) as well am identifying future needs related to
renovations and retrofitting (Coatet al, 2012 Woo and Menassa2014). Occupant feedback is also an
indispensable part of the occupaeintric controls (OCC) approach, which focuses on adapting building controls

to occupant preferences and can simultaneously achieve higher occupant satisfaction and energy savings up t
60% (Parket al,2019), as it is evident that occupants have an important impact on building energy performance

( O06 Betal2020).

Existing FM systems fail to collect and process occupant feedback in a structured way. Lack of adequate systems
that respond to and interact with occupants does not allow for a holistic analysis of occupant environmental
perception involving several domains, which are locasipecific and transient; hence there is a need for interfaces

to capture this information with higgranularity in both space and time (LuNavarroet al,2021). In the current
practice, occupant feedback/complaints related to a building component or space are mostly collected over the
phone or via emails. This results in a large amount of manuaimgatband processing, which is inefficient and

prone to error (Shalabi and Turkan, 2016) and difficulties in interpreting occupant data to support effective
decisionmaking in FM (Cacet al 2014). An effective way to collect occupant feedback is usisg@ocupancy
Evaluation (POE) tools, which are surveys performed periodically to measure occupant satisfaction related to the
performance of the building (Zagrees al, 2004). However, the main limitation of the POE tools is that they
mostly focus on theverall occupant satisfaction rather than specific issues observed in the buildsigeghey

lack vital contextual information (e.g., building geometry, systems, and elements) that is required by the decision
makers to effectively utilize the feedbaak FM. Moreover, the information is not gathered continuously
(Jazizadelet al,2011) and this hinders instant response to the discomfort of the occupants. dtaal{2021)

also concluded that collecting continuous subjective occupant feedback canagathal knowledge, help close

the performance gaps, and empower holistic decisiaking in the post occupancy phase. As a result of a detailed
analysis on the state of the art and practice of PO&, 4li(2018) suggested that a more effective stiateguld

be to have a detailed, continuing, occupamgnted POE approach, which can also provide more vivid
visualization of the results integrated with other FM information.

Recent studies suggest BIM, which contains rich geometric (e.g., dimensipaddgical (e.g., connections), and
semantic (e.g., material properties) information of a building (Nepal,2012), to be used as a platform for
managing the FM information via Bi#dnabled FM systems, where this information is integrated with 3D bgildi
elements to enable querying, visualizing, and locating components rapidly (B&egbi&ret al,2012 Motawa
and Almarshad?2013 Motamediet al, 2014 llter and Ergen2015 PishdaeBozorgi 2018 Chen et al, 2019)
Visualizing FM information can leatb new insights, more efficient decisiomaking, and improve problem
solving capabilities (Akcametet al,2011, Goceret al,2015).1n order to use building models in the FM phase
effectively, t is imperative to integrate the required FM informatiornvBiM (Matarnehet al,2019); however,
integration of occupant feedback information with BIM is lacking in the previous studies.

The main objective of this study is to develop a BIM integrated@osipancy evaluation system that (1) instantly
collects ocupant feedback along with the contextual information related to the feedback items in a structured way
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and (2) presents it to the facility managassntegrated with the building modeb asto enable spatitemporal
gueries and visualization of the aited feedback to support effective decisimaking in FM. An important point

is that occupants do not have the technical background and thus, a simple dridneggrsystem is required to
enable them to enter their feedback effectively. To achieveliéstive, a prototype called RateWorkSpace was
developed for office buildings and tested in an office space located at a university Chnippaper presents the
FM query categoriewhich arerequired to utilize occupant feedbadlrther presentthesystem architecture and
graphical user interfaces (GUIla} developedn this studywith a useicentered design approach, aimhlly
presents thealidation of the prototype in a reaforld office via a case study.

2. LITERATURE REVIEW

2.1 Previous studies on ocupant feedback collection

Occupant feedback is an important data source in FM studies for perfdd®&Mgactivities since the occupants
continuously experience buildirglated problems (Zagrewet al, 2004 Carbonariet al, 2018). Current FM
systems, however, do not collect and process occupant data (i.e., feedback/complaints) effectively (Han et al
2019). A widely aopted practice is using telephone calls, emails, or instant messagesdi@alj@016 Pritoni

et al,2017), allowing data collection in an almost r8ale manner. On the other hand, these methods generate
unstructured and often incomplete data, sthedeedback is transmitted verbally or in text format, and this results

in a large amount of manual data input and processing (Shalabi and ;T20k&h Kochet al (2014) reported a

loss of time and labor due to the manual processes performed for agcsssiing, grouping, and selecting the

data in FM activities. The other conventional practice is using the POE tools for periodically collecting occupant
feedback. Since POE tools aim to measure the overall occupant satisfaction, the contextualadeta|sstguired

by facility managers to identify specific problems and their root causes in buildings are not collected (Way and
Bordass$2005 Leaman 2011, Goceret al,2015 Li et al,2018). Recent studies also criticized POE tools for failing

to collect occupant feedback in a rdahe manner (Jazizadehal,2011 Li et al,2018) and suggested continuous

data collection to capture the effect of environmental factors that vary with time (Choi and Lee, 2018). Moreover,
both practices do not allow evaling the occupant feedback in relation to other important building information
(i.e., building spaces, elements, time) and therefore cannot support effective deeiking in FM (Jazizadeét

al, 2011, Cacet al,2014), although it is evident in thediature that operation of responsive and reseeffigent
buildings requires higihesolution data on building performance includiogation time and the associated
occupant response (LuiNavarroet al,2021).

The review of the previously developed tgyss that collect occupant feedback on a continuous basis shows that

most of these systems focus on one particular aspect of occupant feedback data (e.g., thermal comfort, energy use)
and that there is a lack of a comprehensive study which collects otdapdback about all buildingelated

issues. These studies also did not aim for collecting the related contextual data that is required to describe and
formalize the feedback. I n several studi esthermfalor i nst
interval preferences were collected via mobile applications to find the optimum temperature set point of the air
conditioning systems (Pritomit al, 2017, Guptaet al,2016 Ghahramangét al, 2015 Jazizadetet al,2014). In

another study, instead f occupant feedback, occupantsd®d energy u
information (Inyimet al,2016). Researchers also used occupant feedback data to make renovation decisions using
virtual environments to decorate building spaces (HeydaridBanerikGerber 2017, Du et al,2018). In other

studies, maintenance requests enriched with sensor data were used to create work orders by adding property sets
as text data; however, it should be noted that these requests are not structured ancchiim@aintextual data

(Shalabi and Turkar2017, Chenet al,2018). Some platforms were developed to combine FM systems with
occupant feedback, however, they were not integrated with BIM (Sehali2012). It is agreed in the literature

that visualizatin can be a powerful tool for communicating large volumes of data regarding the environmental
conditions in buildings, and visualization in a building model context allows for fast and effective comprehension

of buildingrelated data with greater accuraf®atlakaset al, 2017, Li et al, 2018). To achieve this, many
researchers pointed out the need to represent occupant data in the BIM contextdCala?€42, Gocekt al,

2015 Shoolestanét al,2015 Patlakaset al,2017).
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2.2 Integration of occupant feedback with BIM

Recent studies gohasized that the required FM information@#&M activities is collected and stored in multiple
platforms and facility managers have difficulties in accessing and evaluating this scattered information (Motawa
and Almarshad2013 PishdadBozorgi 2018). Many researchers recommend BIM as a suitable tool to provide a
single platform for storing and collecting the FM information (Bec&beret al,2012 Motawa and Almarshad

2013 Motamediet al,2014 lliter and Ergen2015 PishdadBozorgi 2018). So farthe focus of the previous efforts

has been on the use of BIM in the FM handover processes of projects. For instance, researchers studied identifying
the BIM data exchange needs during the FM handover phase (Bé€eehkret al,2012 Cavkaet al,2017, Yang

and Ergan2017 Zadehet al,2017 Thabet and Lucas, 201 Also, an information exchange standard, called
Construction Operation Building information exchange (COBie), was developed (East, 2007) and adopted by the
buildingSMART alliance for storingnaintenance information in BIM in a structured manner in the design and
construction phases and for transferring the related information to the facility manager during the handover process
(Codinhotoet al,2013). Both widely used FM software packagesracpice (i.e., EcoDomus, Dalux) and related
academic studies in the literature have ubkedndustry Foundation Classes (IREhemafor representing various

FM information andor mapping the related data stored in FM systems to BIM (Shalabi and TatkehChen

et al,2018 Sadeghineket al,2019). Some types @i&M -related information have been formalized and integrated
with BIM in previous studies. For example, sensor ditzado et al, 20190&M -related data collected with
RadioFrequency ldentification systems (Motamedi and Hammad,, ZiG#abhasral Dib, 2017), change history

of building components (Akcamet2011), maintenance inspections (Shalabi and Tyrk@h7), ass condition

of facilities (Hamledaret al,2017), and f@ns for maintenance and work orders (Kinal,2018 Chenet al,2018).

Colour coding/mapping of building spaces in th#ding model based on average occupant satisfaction scores or
the total number of feedback issues have also been presentedt (&u2014 Goceret al,2015 Patlakaset al,

2017 Pinet al,2018, Alaviet al,2021). However, these studies do not allow for (1) representation of instances of
occupant feedback in BIMy implementinghemin IFC, or (2) integratingoccupanfeedback witithe building
contextual information (e.g., exact location, building elements), or (3) visualization of thetspapioral queries
performedon the collected feedback to support effective decisiaking in FM. Therefore, effective integration

of occupantfeedback information with BIM during the FM phase is currently missing in the previous studies.
Since the occupant feedback information is not structured, it needs to be formalized to be represented in BIM in
an integrated manner. Previous researchersramted on the difficulties experienced with unstructured data while
trying to integrate FM information to BIM (Gerrigdt al, 2017, Raghubaret al,2017). Although the need for
integrating occupant feedback with BIM has been highlighted by many resedftbatsst al,2012, Hueet al,

2014 Goceret al,2015 Shoolestanet al, 2015 Patlakat al,2017), it has been addressed for the first time in the
proposed prototype presented in this paper by utilizing the previously developed semantic datehabodel t
formalizes occupant feedback information to implement it in the IFC schema @rgk2021).

3. METHODOLOGY

To develop a BIM integrated pestcupancy evaluation system, this research study followed three steps: (1)
determination of occupafgedback types, (2) formalization of occupant feedback information and implementation

in the IFC schema, and (3) determination of the FM query categories for processing occupant feedback and
devel opment of the O0Rat e Wor knSfpedback ih BlMenabledRMyig.&). If or ut i |
the first step, the authors have identified occupant feedbackbymesducting a systematic literature review and

evaluating the parameters used in the existing POE tools. A total of 5,000 occupant cothplawesereceived

andthe work orderswhich weregenerated in the FM phase were also analyzedo office buildings hosting

3,000 occupants. A hierarchical structure of indicators was developed in focus group meetings with facility
managers, which was then validated by structural equation modeling using the data collected from 308 office
occupats (Tekceet al,2020). The occupant feedback types (e.g., noise level, odor) identified in the first step were
empl oyed as the O6feedback | istd used in the prototype
experienced in the buildingn the second step, the properties and relationships of occupant feedback information

were formalized in a semantic data model, which was implemented in the IFC schema by using the
IfcPerformanceHistory and IfcAnnotation entities in the most recent IF@iatd (IFC4.1) (Ergen et,&021).

The semantic data model developed in the second step
location, related element) to be collected by the prototype from the occupant. Also, the semantic elatd mod
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occupant feedback was used to represent the collected occupant feedback information in BIM as part of the

prototype developed in the third step.

RESEARCH STEPS

RESEARCH ACTIVITY

METHODS USED

OUTPUT

Formalization of

The properties and relationships of occupant

Contextual information items to be

occupant feedback

In-depth interviews with the facility managers on
how collected complaints should be processed

Step 2 (presented occupant feedback feedback information formalized in a semantic
g collected by the prototype (e.g., location,
in Ergen et al. information and data model and implemented in the IFC schema »
. 4 3 £ related element) and their representation
2021) implementation in the by using the IfcPerformanceHistory and N
% o in the IFC schema
IFC schema IfcAnnotation entities
Qualitative shadowing with 2 FM teams managing " .
3 iy & Current procedures in processing
2 office buildings hosting 3,000 occupants for 4
days occupant feedback
Determination of the
FM query categories
for processing Query items needed by the facility
occupant feedback Validation by in-depth interviews with the upper managers to filter and sort a selected set
management of an international large scale facility of occupant feedback in the prototype
management company (e.g., building space, building element,
timespan) (Table1)
Observations related to the shortcomings of the
current practice during qualitative shadowing
Developmgnt o1 Prototype elements and the information
system architecture of flow (Fig. 2 and 3)
the prototype In-depth interviews with the facility managers on B
alternative approaches to designing the system
architecture
Analysis of the existing occupant complaints
uganaes:grfr;?To(ljlzz::\ S e s Eight use cases developed, three of them
Step 3 (current . e presented in the paper (e.g., food odor in
paper) and processing

the office, leaking tap in the toilet)

Development of the
prototype GUIs

Storyboarding method was used by utilizing the
developed use cases

User-centred design practice of HMIs was
followed for occupants, who do not have technical
background

GUIs of the prototype’s occupant and FM
modules (Fig. 5-10)

Testing the prototype
via a case study

Lab tests including indoor localization and
functional tests

Verification via using the prototype in practice in a
real-world office for 3 weeks

Revisions of the prototype as a result of
the experience and feedback from
occupants and facility managers

Validation via usability questionnaires with 15
occupants and 7 facility managers

Usability, Applicability and Practicality
scores of the prototype

FIG. 1: Methodology

(cc) (V)

BY
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The third step presented in this paper concludes the research by identifying theefy categories required to
process occupant feedback as well as by developing the prototype and testing it in an office space located at a
university campus via a case study. The determined FM query categories were employed as the information items
usal by the facility managers to filter and sort a selected set of occupant feedback (e.g., based on building space,
building element, timespan) in the prototype. Also, the system architecture and use cases that were developed to
create the GUIs of the proyqte are presented in this paper. Finally, verification and validation of the prototype
were performed in a realorld office environment. As a result of these three steps, a BIM integrated post
occupancy evaluation system has been developed that (1)tinstaltects occupant feedback along with the
contextual information related to the feedback items in a structured way, and (2) presents it to the facility managers
integrated with the building model to enable spé&dimporal queries and visualization bétcollected feedback

to support effective decisiemaking in FM.

In identifying the FM query categories, the qualitative shadowing method afepth interviews were used to
determine the information items required by the facility managers to effectiogigve and utilize occupant
feedback. Shadowing involves a researcher closely observing members of an organization and asking questions,
which will prompt a running commentary from the persons being shadowed. This can provide unique insights into
the dg-to-day workings of professionals by virtue of its emphasis on the direct study of problems and actions in
the realworld context (McDonald, 2005). In this part of the study, three FM teams comprising seven engineers
with an average of 21 years of expade in FM and four technicians with an average of 13 years of experience

in FM participated in the study. Two of the teams, who were responsible for the management of office buildings
with 1,200 and 1,800 occupants respectively, participated in the shafgwocess. The third team was
representing the upper management of an internationaldaaje facility management company ane@pth

interviews were performed with this team to validate the results of the shadowing exercise and to discuss the
system eeds. The upper management was represented by two members of the executive board and the director of
facility managers. Earlier studies tackling the determination of information requirements (Kiziltas and Akinci
2009 BecerikGerberet al,2012 Akcay et al, 2017, Yang and Ergan2017) also utilized this wekstablished

method of interviewing the respondents of similar sample size, who are performing the task being examined on a
daily basis. Researchers analyzed the following aspects of FM during thewsigdprocess that took
approximately four days: (1) current procedures that are adopted for processing occupant feedback, (2) how facility
managers archive and later retrieve occupant feedback data, and (3) query items required to analyse feedback data
instantly and over time. This analysis provided the list of FM query categories, which were integrated with the
prototype.

The system architecture of the prototype was developed based on the shadowing exeanisthemnddepth

interviews with the facilitymanagers on alternative approaches to designing the system. In the next step, eight use
cases were developed based on the existing occupant complaints (e.g., food odor in the office, leaking tap in the
toilet) collected from the case study office andi@pth interviews were performed with the facility managers on

how collected complaints should be processed. Use case development is very beneficial for capturing the processes
and defining the requirements (Gregobial,2002, Rosenberg and Stephens, 2@0if) has been used extensively

in similar research tacklindevelopment of facility information management prototypes (Lucas et al,.2018%
development of the GUIs, the storyboarding method was used by utilizing these use cases to tackle hawean effect
GUI could be designed to collect information from occupants, who do not have a technical background and how
this information could be presented to facility managers in a visual format integrated with BIM. The storyboarding
process integrates use caaad mockup GUIs to assist users in discussing and verifying their demands from the
prototype and provide the foundation for the design of the final user interfaces (rag@002). This strategy

is central to the usarentered design practice of Humislachine Interfaces (HMIs) (Quimist al,2014) to enable

system users to provide feedback on potential GUIs. Three of the eight use cases are presented in this paper with
the related GUIs to explain this process.

The proposed prototype was verified aradidatedthrough a case studin the case study, 15 occupants in the

office and seven FM team members, including managers and technicians, used the prototypeviorla @féite

context for three weeks and provided feedback on its performance viityigalestionnaires. The questions were
adapted from Usefulness, Satisfaction, Ease of Use (USE) (Lund, 2001) and System Usability Scale (SUS)
(Brooke, 1996), which are based on Likert scales. These methods aim to get feedback from the users after
interading with a system or a product (Albertaerial,2012) and have been used in studies from different domains

to measure user satisfaction and usability of new systems (Hdrd/202Q Litvak and Kuflik, 2020).
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4. SYSTEM ARCHITECTURE AND ELEMENTS

4.1 System achitecture

As a result of the shadowing exercise, the main shortcomings in the current practice emerged as the lack of a
procedure that will enable (1) thorough collection of the contextual information required to utilize different types

of occupant feedick, (2) effective archiving as well as representation and visualisation of the collected feedback
in the building models, and (3) querying the collected feedback based on categories that help to integrate feedback
with the building elements to understahe root causes of thexperiencedssues (e.g., based on building space,
building element). Irdepth interviews with the facility managers on alternative approaches for designing the
system resulted in the following needs: (1) a single platform/applicdtio feedback collectiomather than

multiple platformsas the lattewill jeopardize the standardization of collected data and require manual processing,
(2) providing options to show the retrieved feedback as statistical results or visualize thernuitdimg model,

and (3) simple GUIs to enable occupants (temhnical persons) and inexperienced FM personnel to interact with

the system.

To address these needs, the proposed system architecture and GUIs were designed to store collected occupant
feedba&k data in a databag€ig. 2a) and integrate it with the building modglig. 2b) in the quest to visualize and
query the feedback data in BIM.

|l @9 ® n Q

Thermal Visual Acoustic Occupant ID Timestamp
Comfort Comfort Comfort | sssssssnass POty
/'\‘\ A o Occupant Spatial Data
~ i (Building, Floor, Room,
~ H " " d
l—J J\ (] o - i Coordinate) !
Indoor Air Building Facility Source Related i
Quality Design Services Location Element } (f) Indoor Localization System / User Input

(e) Oécupant Feedback and Neceséary Contextual Information (c) Mobile Occupant Module

C®

e b e e ad

Sensor Data H
1 (Temperature gauge, H
gas detector, etc)

g s ~ (a) server o~ o
(g) Building Automation System (BAS) (b) Facility’s Building Information Model
» Exact Location Photo Attachment(s) ¢ \ l ‘
“

| g

| e B | Y R — - 3D Visualization
= -— =
| [ﬁ (— -

3 Analysis, Comparison, Reports
Related Building Related Building } (d) FM Module

Space = i " 4
P Element (i) Operation&Maintenance and

(h) Representation of Occupant Feedback in BIM Renovation Decisions

FIG. 2: System architecture

The proposed system has two modules: (1) a mobile occupant module to collect the occupant feedback (Fig. 2c),
and (2) a desktop FM module to view and query the feedback (Fig. 2d). The system collects two types of
information/data: (1) occupant feedback/gdaint information (Fig. 2e), which is categorized into 27 feedback
types under six dimensions (i.e., thermal comfort, visual comfort, acoustic comfort, indoor air quality, building
design, and facility services), along with the necessary contextual atformrelated to the feedback (i.e.,
occupant/office name, feedback location, building element, source location, timestamp) and (2) occupant spatial
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data (Fig. 2f) including building, floor, room information or exact location of the occupant with coesjindtich

is automatically collected via indoor localization system or entered by the user frordetgnmined list. These

two data types are collected from the occupant via the occupant module (Fig. 2c). Sensor data (e.g., temperature,
humidity), whichwere envisioned to be obtained from the building automation system (BAS) (Fig. 29), are also
used to enable comparisons and evaluations in relation to the occupant feedback where necessary. Feedback
information is stored in the database as individual caetifeedback, and each occupant feedback item is
represented in BIM in relation to the location of the occupant, as well as to the associated building elements/spaces
in the model (Fig. 2h). The photo related to the feedback can also be viewed if itachsatby the occupant.

The FM team can view, edit and query the occupant f ece
module (Fig. 2d). Feedback lists and reports can be exported and graphs of filtered feedback data can be created
via this module. In addition, queried feedback information can be visualized in the building model to improve
problemsolving capabilities and for more effective O&M and renovation decisions (Fig. 2i). In the following
sections, the main elements of the prototyygeexplained. It should be noted that integration with the BAS was

not implemented in this study.

4.2 Occupant feedback types and spatial data

Occupant satisfaction indicators identifieg the authors iffekceet al(2020)were used as the occupant feedback
typesin the RateWorkSpace prototype guide the occupamin categorizing the issue being experienced in the
building. These are (1) thermal comfort (temperature, radiant temperature, relative humidity, temperature
variation, airflow); (2) indoor air quidy (freshness of air/air quality, natural ventilation, odor); (3) acoustic
comfort (noise levels, echo, acoustic privacy); (4) visual comfort (daylight, artificial light, glare, reflection, visual
privacy, view from window); (5) building design (amouritspace, layout, interior design, furniture, exterior
design, vibration conditions); and (6) building services (personal control, usability of control devices, facility
management/service quality, maintenance/repair).

The second input of the RateWorkSpagce ot ot ype is the occupantds spatial
information, or exact location of the occupant with coordinates, which is automatically collected via the indoor
localization system. Indoor localization technologies were analysethéir suitability to occupant feedback
collection (Ergeret al 2017). As a result, Bluetooth technology is utilized in the RateWorkSpace for localization

of the occupants, due to its advantages of wide range of usage, low cost, and simple equiplagetqee
Beacons). Alternatively, the user can select his/her location from a list of rooms in the building.

4.3 Implementation of occupantdata in the IFC schema for BIM integration

To integrate the collected occupant data with BIM, the authors have dedelogdepresented a semantic data
model that formalized occupant feedback information in a previous study (Etgen2021). The proposed
semantic data model was implemented in the IFC schema, which is@opietary building data model for

storing andexchanging BIM data (buildingSMARTR018). The occupant feedback properties and relationships
identified as part of the semantic data model were represented in the latest IFC release (i.e., IFC4.1). To implement
the semantic data model in the IFC scherfaRdrformanceHistory entity was used to store maehirasured

data (i.e., when data is obtained from BASs) or huspetified data (i.e., occupant feedback data), while
IfcAnnotation entity was used in relation to the IfcPerformanceHistory entity fdidatian and visualization of

the occupant feedback in the geometric modiak developedsemantic data model is used to determine the
6contextual information itemsé (e.g., location, rel at
for each type of feedback. Also, the collected occupant feedback information was represented in BIM by
implementing the developed semantic data model in the IFC schema as part of the developed prototype.

4.4 FM query categories for occupant feedback

The collected occupant feedback information needs to be filtered and sorted effectively to be utilized in decision
making. The goal was to enable decisinakers to query the occupant feedback, which is integrated with BIM,
based on certain categories lire tRateWorkSpace prototype (e.g., querying feedback related to a certain element

or space) for identifying spati@mporal patterns of occupant feedback. To identify the required categories, query
items used in the existing FM systems (e.g., computerizadtemance management systems) were evaluated in

the shadowing process. However, these systems mostly include query categories related to maintenance history

@ ITcon Vol. Z (2022), Artan et al.,pg. 46¢



and work orders and do not include query categories to analyse occupant feedback data. lovifregsirestcise,
researchers observed how facility managers prepare the work orders to fix the issues in the building and identified
the query categories required to retrieve information from the occupant feedback secastdssupport the work

order prgaration. Possible query categories were discussed with the facility managers during the shadowing
exercise andhe in-depth interviews. Facility managers reported that they need to query occupant feedback
information to understand the feedback issue, (feedback type, occupant), relate the feedback issue to the
building (i.e., feedback location, related element, source location), group the feedback (i.e., root cause, priority),
select appropriate technicians and follap on the feedback (i.e., relatadde, status), plan work orders and
maintenance activities (i.e., preferred date and time for action) and analyse the feedback trends over time (i.e.,
timestamp)n orderto make effective decisions. Hence, the query categories used in the RateWorkSjodyeep

were identified as follows and examples are presented in Table 1.

(1) Feedback Type: Collection of the feedback using alptermined list allows automatic determination of the

feedback type in the system. To enable this, a hierarchical struaardeveloped based on occupant satisfaction
parameters: O0feedback categoryd being the highest | e\
mid-l ev el (e. g., 6temperatured within thermal édvwemiyo rcto)l
within temperature). Querying feedback type is needed to examine complaints about a certain issue (e.g., noise
level).

(2) Occupant: This is the identification information of the person or unit in the building that sends the feedback to
the system. Querying the related occupant is required to understand the satisfaction/complaints in separate units
and also to communicate the process and results of the feedback.

(3) Feedback Location: User coordinates are needed to perform queries blasadiamto better understand the

spati al relationships between the complaints and t he
malfunctioning shades on a particular fagade) or main service system connections to building elements receiving

the complaints (e.g., O6dry air6 complaints in several
(4) Related Element: Identification of the specific building element causing the problem decreases the time
required to detect the problem. Forexamplegasg f i ¢ | i ghting fixture that is er
el ementd for “~the noise coming from a lighting equip

based on element ID will contribute to making effective decisions in O&KMextample, as to whether repair or
replace the element. Also, by performing queries based on building elements, facility manager can view and
evaluate other information related to that element, that is stored in BIM such as geometrical data, maintenance
history, or work orders.

(5) Source Location: The facility manager needs to know if there is a specific building space causing a problem in
another l ocati on. For exampl e, 06cafeteriad is the sc
cafetera downstairs. Using this query item, spatial relations between the source location and the location that the
problem is observed can be visualized in the building model.

(6) Timestamp/Preferred date and time for FM action: Querying feedimagktamp enables seasonal, monthly,
weekly, daily trend analyses. Performing queries base
manager in planning work orders and maintenance activities.

(7) Feedback Root Cause: Assigning a mitse allows grouping the problems experienced in the building (e.qg.,
inadequate capacity, breakdown) and make queries based on root causes.

(8) Feedback Priority: Prioritizing the feedback (e.g., low, medium, high, critical) allows more efficient use of
resources and better management of occupant satisfaction and emergencies.

(9) Feedback Trade: Categorizing and querying occupant feedback according to the trade (carpentry, electrician,
plumbing, cleaning) enables facility manager to select appropriatei¢eunts to fix the problem and make better
planning in FM personnel recruitment.

(10) Feedback Status: Assigning a status to each feedback (i.e., pending, approved, rejected, or completed) helps
facility manager with followingup for the issues that occuyta reported.
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TABLE 1: FM query categories required to process occupant feedback in the RateWorkSpace prototype

FM Query Categories

Examples of Query Category Values

Thermal Comfort

Feedback Category — -
Building Design
Temperature
Feedback Type
Amount of space
Very Cold
Feedback —
Insufficient storage area
Person Mr. John Burrows
Occupant 1D ID: 501171110
Office Name ABC Office
Building Workshop Building
Floor 2nd Floor
Feedback Location Room Meeting Room
. Longitude:29.272727362
Location -
Latitude:42.7327273827
IFC-GUID(*) hfgrywd152734
D Mech123456789
Furn123456789

Related Element Maintenance History

13.03.2018/ 14.30

Manufacturer Information

XYZ Distributor

. Repair
Work Order History
Replacement
Building Tower A
Floor Basement
Source Location Room Cafeteria
. Longitude:29.272727362
Location -
Latitude:42.7327273827
Year 2021
Timestamp / Preferred date Month September
and time for action Day 01.04.2021
Hour 13:00
Inadequate Capacit
RootCause d pacty
Breakdown
Low
. Medium
Priority -
High
Critical
Cleaning
Trade Electrician
Plumbing
Pending
Status Approved
Completed

(*) IFC-Globally Unique Identifier

The RateWorkSpaagerototype provides an effective platform to collect and query the information items required

to utilize the occupant feedback in office buildings. While feedback type, location, related element, source location,
timestamp, and preferred date and timeafction are entered by the occupant via the mobile occupant module;
root cause, priority, trade, and status are assigned to the collected feedback by the facility managers via the FM
module. The last four query categories were suggested by the facilitgerana the validation process. These

are similar to the query categories used in the existing FM systensseindluded in the prototype for possible

MO,
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future integration of the prototype with e»i sstaisng FN
suggested by the facility managers who participated in the case study. The FM team can make queries based on
these items and visualize the retrieved feedback as statistics or in BIM.

5. PROTOTYPE INFORMATION FLOW AND DEVELOPMENT OF GUIS

This section dagibes the prototype information flow and explains the development of GUIs based on the use
cases.

5.1 Prototype information flow

When an occupant observes an issue, the feedback can be sent to the system in five steps via the mobile occupant
module. The feedixk type is entered by searching or selecting it from a list of categorized feedbacEtgpes

33). The location of the observed issue/occupant is either automatically detected by the indoor localization system,
or the occupant selects it from the list of building spaces and/or manually pins the exact (Gogti®in). The

occupant selects the reldtbuilding element and/or related building space, which is the source of the problem, by
using the 2D plan vieWFig. 3c). The time and date of the observed issue are recorded by the occupant module
and if needed, the preferred FM action date and timeratered by the occupa(kig. 3d). If there is a piece of

additional information that the occupant wants to include, it can be manually entered. Finally, the occupant will
confirm the entered information and send it to the facility mangggr3€). The fedback will be stored in the

database hosted on a server, which is connected with the FM module.

= —
_________ 1
Select :
from list ! (c) Select Source (d) Enter Time&Date ;
1 Luy -(;F; ! e i (—— Y\ (e) Enter Additional !
i ] f {
Pl 4 Search & | isemmsesemes :  helated: 4 | Feedback | Information
5 ! : building | time/date !
Occupant | ! tLoca:»e i : i element ! i -
i gutomiatically: | | ‘=essEge=sl | ]| emdsseee
Observes ; AND/OR |  AND/OR
an Issue S Vi N T (oSG ay— ; pmmmmmmm— - | manually
: 1 | Preferred
H Related 1 ' o 1
) ! building space | : Scton .
""" LY 4 J : | time&date |
Coordinate | S J " S, \
y2)
"""""" ' Confirm
Indoor Localization & Send
System
PC Application for Facility Manager
i (f) Assign Status of Feedback
l ettt geatinst et (et e e T T e S )
i Pending | OR | Approved | OR | Rejected | OR | Completed | b Server
Y | SO ] | ] . SN ] ' : H
(g) Process Feedback !
Fadity |V ‘(—=cc=ccc=c=3 ECoTSToooooes = T = i /J
Manager ! Display ; ' Update/categorize 1 ; Filter El:
.1 AND/OR 1 ! AND/OR ol i
Entersin j ettt | . . i feedbacklist } ) [T | Database
System —
(h) Query Feedback » < I
 —————. T W s e s e R e ! I N
pememmanmmm———— : 1 Based on building element !
! Show as statistics 1 | | TTTTTTToosm-ssossos
:_____________j AND/OR
___________________ :
OR 1 Based on building space |
PR RS : AND/OR
! Show in BIM model 1 [ e S i e |
e ! Based on occupant !
= N J

FIG. 3: Prototype information flow
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The FM module was developed as a desktop application to enhance usability. It is connected with the server and
can accss the occupant feedback stored in the database. The FM team checks the recently entered occupant
feedback items to determine their status and enter |
solved, its st at usbythesFMctehnfFig.@fe dhe EMteatn can digplayeahdeuddéte all the

entered feedback and their details in this mo@ig. 3g). Also, the collected feedback can be queried according

to the identified categories (e.g., feedback type, related buildingeatgnThe FM module can show queried

feedback as statistics or in theilding model(Fig. 3h).

5.2 Development of theusecases andyraphical userinterfaces (GUIs)

This section provides technical information on the developed GUIs for both the occupant anaddeMs and
explain how these GUIs function. The main considerations in the design of the GUIs were: (1) how occupant
feedback information could be collected most effectively from occupants with minimum steps while avoiding
unstructured and incomplete da{2) how contextual data integrated with BIM could be collected from office
occupants who are ndgrchnical persons with limited information on building models, (3) how collected feedback
could be presented to the facility managers in both graphicalvisndl format, and queried by using the
determined categories to improve probieaiving capabilities.

The case study office, where use cases were developed, is a 580 m2 mechanically ventilated incubation hub serving
60 occupants and located at a university campus. There are 40 desks located in 10 zones spreading on an open plan
area, four office rooms, the meeting rooms, one seminar room, one workshop, one server room, one kitchen, and

a hot desk arefFig. 48). The test case was chosen because an interior refurbishment was planned for the near
future and the FM team wanted to analyse the current iseue ioffice in more detail. The use cases were
developed based on the review of the existing occupant complaint database available in the case study office. In
total, eight use cases were developed and storyboarding method was used to design the €&Ud$ tiduse

cases and the related GUIs are presented in the following sections to explain this process and illustrate the use of
the prototype.

) Meeting Workshop
Seminar Room Room
Room » Pl

»

Kitchen
»

Hot Desk

¥ v X
Meeting ~ Area Zone Zone
Room
(a)

FIG. 4: (a) Case study office, and (b) close up of Zbne
5.2.1 Usecase #1: Food odoin the office

Jane is disturbed by the food odor coming from the office kitchen while she was working at her desklin Zone

(Fig. 4b). She decides to report this issue as it happens regularly. By logging in to the occupant module from her
mobile phone, ghcreates a feedback item by selecting the feedback category (i.e., indoor air quality), the feedback

type (i.e., odor), and the feedback (i.e., food odor) from the-dosygn menyFig.58. On t he next windo
location that is automatically detedtdy the indoor localization system (i.e., Zeheis presented to her for
confirmation(Fig. 5b). The system automatically zooms in and highlights Zbifiee., Z1) as a transparent box
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on the building model, and Jane selects her desk to confirm hdofotaZl. On the next window, Jane is asked
to select the source element or the source location related to the issue she is exp@fignsa)gShe enters kKl
Kitchen (i.e., source location) from a predefined list as the source of her problem.

MENU MENU

; : Please confirm your location in the detected location tab or select Please select the source element or source location related to
Please enter your feedback by selecting it from the list or by a different location from the list your feedback
entering a keyword (o search tab
DETECTED LOCATION 3 " 0 3 SOURCE ELEMENT SOURC OCATION
LT S ECT FROMLIST ETECTED LOCATION SELECT FROM LIST v f
.—@. r‘—%_ Select Location {‘ )
v 71 - Desk K1: Kitchen >
Feedback Category il @
Indoor Air Quality > 9
« ©
Feedback Type Q \
Odor Y . Q
Feedback R - ‘\ Q
Food odor M
, y
[ 3 @ 4 :
’ >
N
N\
(a) (b)

BACK NEXT BACK NEXT

FIG. 5: Creating a feedback item in the occupant module by (a) entering the feedback, (b) confirming detected
location, and (c) selecting the source location

Next, Jane confirms the current date and time and moves to the next window without entering a getécard

time of action for the problem to be solved as this is an optional (iédd 68). In the next step, she wants to
emphasize that the odor problem gets worse especially when the grill is used in the kitchen, and enters this as
additional informabn (Fig. 6b). Finally, she is presented with a preview of the feedback for confirmation before
sending the feedback to the FM mod(Hé&. 6¢).

MENU MENU MENU

Please enter date & time of feedback and your preferred date & time Please enter any additional information that may help us in fixing
Aol el e e Ploase chock and confirm the details of your foedback
M S S . W —
I Additional Information l .
Especially when the grill is used. PreVIe W
Date and Time of Feedback B e s — - ——
Eeedback: Food odor
Date and Time
Location: Z1 - Desk
(5] 2019-03-08 15:00 X : 3
@ Source; Location - K1
Date/Time: 08-03-2019 / 15:00
34/150 7 g
Preferred Action Time:
Additional Especially when the grill is used.
Information:

Preferred Date and Time of Action

B on

(a) (b) (c)

FIG. 6: Entering information related to the feedback by (a) selecting the date and time of feedbackrifig) ente
additional information, and (c) confirming and sending the feedback
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This feedback is automatically saved in the system in relation to the BIM. The implementation of the occupant
feedback in the IFC is explained in more detail in Ergeml (2021). An ID is automatically assigned to the
feedback (i.e., #363), and the status of the feedbac
alerted that new feedback is created in the FM module and it is added to the list of feedback. \Wheititthe

Manager opens the system, he is presented with the list of feedback with all statuses (i.e., pending, approved,
rejected, and completed), and he selects the fApending
(Fig. 78). The Facity Manager selects Feedback #363 from the list and the details of the feedback are displayed

(Fig. 7b). Also, the related part of the model is presented, showing the location of the feedback and also the source
location entere@Fig. 7c). The Facility Manager reviews the information associated with Feedback #363 and clicks

on the AEdi to button to edit the feedI(@md.Indheedie pr oc
window, he is provided with a field to write insttions and comments about the feedback, and to assign a
technician to the feedback item. As the Facility Manager reviews the feedback, he changes the status of the
feedback to fAapprovedo, and assigns Jo hion, hé seleds. , t he
"breakdown" for the root cause, "high" for priority, and "electrician” for trade from thedirom list.

- ) : (a) List of Pending Feedback reascx

Admm

BEMAIN MENY
ok e

o

(b) Feedback #363

Q

oo o o o ————

FIG. 7: FM module showing (a) list of pending feedback, (b) feedback details display and edit menu, (c) model
view.

Before recommaetting an action to solve the odor problem in the kitchen, the Facility Manager wants to view and
examine all the oderelated feedback in the office and use this information for planning a renovation to solve all

the odorrelated problems. Thus, he goe¢hte Filter page of the FM module (FB) and filters the feedback items

that have the status of fiAp p(Figo8aeBy mokiagnatthis twgeageflist e d b a ¢ k
filtered issues, he identifies that various problems have beengegportr e | at ed t o odor, such ac
or mol dé, O6écarpetkidddredn 6anvh sr eanltiezeesd @K1 t he O6source
problems reported over the last few weeks. Then, he wants to apply another filter kdhesteatiback items that
havethe Kkk i t chen defined as thkefoscstrcellactat ithired . 6sDherce
locations and building elements can be selected as the source of feedback, and then clicks -itchenkdn

the model view(Fig. 8b). He wants to use this information as a basis to plan the renovation, and the means and

met hods to be used while renovating the kitchen to o0\
to save the filtered results to andeksheet and to use it in the FM meeting. The Facility Manager then goes back

to the Edit menyFig. 7b) and adds a recommendation for the technician in the FM information field, stating that

the kitchen hood and related piping must be checked to ersatr¢hey function properly. When John, the
technician, checks the kitchen hood as suggested by t
work and makes a record of this in the FM Information section of the FM module.
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Feedback Items

(a) List View I.(b) Model View
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—————————
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FIG.8:Fitermenu (a) showing the feedback items that ha
0 t

60dor6, (b) selecting kitchen from the model as
5.2.2 Usecase #2: Leaking tap in toilet

Judith noticeshat a tap in the toilet is leaking and wants to report this issue by using the RateWorkSpace prototype.

She searches for the Afi xtur eod -ridatey feeubvack typdgig. 8a). Shee appl i
selects AFixturndgurequiemmavratl 09r afmdr conti nues to the n
detected location (i.e., T@ilet) (Fig. 9b). On the next page, to define the building element that causes the problem,

she clicks on the fisour dapviewlsiecenthentapds stioarbon thesfledr plantasd t h e
selects the leaking tap (i.e., TZap) on the floor plagFig. 9¢).

FIG. 9: Reporting feedback by (a) entering keyword, (b) confirming location, and (c) selecting source.element

She confirms the current date and time as the feedback date and time and states that the problem is urgent by
entering ASAP in the preferred date and time of action field. She defines the problem in the additional information
section on the next page (i.&ap is leaking). Finally, she previews the overall feedback, confirms, and sends the
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