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HTerpanys T€XHoJ10ruii "HpopMauuoOHHOI0
moaempoBanud 3aanmii (BIM) u BUpTyaabHoOIM
peajibHOCTH JJIsl MOBbIIIEeHUS 3(P(PEKTUBHOCTH
3KCILTyaTaluM 00bEKTOB CTPOUTEILCTBA

lpy Ha3Ha4YeHUN TEXHUHECKMX XapaKTEPUCTUK 3L4aHUsi HEOOXOAMMO Y4YnTbIBATL BCE dTarlbl €ro XU3HEHHOro LMK-
sia. OTOT MpoLecc COMnpsiXXeH ¢ HeOOXO[MMOCTLIO OMNpPeAeseHUs KIloYeBbIX rokasartesner ageKTMBHOCTH 06b-
ekTa (KPI), ocobeHHO ansi ctagum ero akcrnyataumn. Hanbonee aghgpexkTuBHble noaxonbl onpeneneHns gaHHbIX
riokasaresies cBsi3aHbl C MPUMEHEHNEM TEXHONIOMMNA MHOPMALMOHHOrO MOLENINPOBAHUST 34aHUV U BUPTYasibHOM
peanbHocTn. B pabote npoaHann3anpoBaHbl BOZMOXHOCTHA COBMECTHOIO UCIMOSb30BaHNS [aHHbIX TEXHOMOMMIA Ha
ctagum aKcnnyaraymmn 3ganus. [peanoxeHbl METOAb! MOBLILLEHNST K/TIOYEBbIX rokasartesen 3¢hheKTMBHOCTU 00b-
€KTa, a TaKkxe rnoaxon K AMHaMmn4eCKoMy aHanm3y XapakTepucTuK 34aHns HernocpeaCcTBEHHO €ro XUTENSIMN B Xo4e
€ero akcnsyaraymm.
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Integration between BIM and Virtual Reality for Enhancing the Building
and Occupants During the Operational Phase

The performance level of a building is a measure of its success and failure throughout its life cycle. That leads the study to investigate key performance indicators
(KPIs) to be measured, evaluated, and improved, especially during the operational phase. Consequently, the research adopts BIM technology and Immersive
Virtual Reality (IVR) to model and represent an actual building in a virtual model for conducting the studies and alternatives to save time, effort, and cost, also
to increase confidence in the expected results. Moreover, the example of a building used IVR and examples used BIM were analyzed to demonstrate that KPIs
need to integrate BIM platforms with IVR technology. Therefore, increasing the efficiency of dealing with all indicators to measure and evaluate the responses and
interactions of occupants with alternatives and solutions of this virtual model to develop and improve KPIs. Eventually, deducing and formulating a framework for
dynamic interaction between a building and its occupants by integrating BIM and IVR to deal with KPlIs.
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Success and failure of a building are measured by
what it has achieved from the required performance at
the design phase during the operation phase. The built
environment has a critical impact on the operation and
efficiency of a building. By controlling, optimizing, and
modifying the built environment; it can meet the required
efficiency of performance [1, 2]. Therefore, to measure
the effectiveness of operating a building and achieve the
highest level of required performance. It is necessary to

evaluate the actual performance of a building and meas-
ure the changes in the productivity and motivations of
occupants. Here, the need for indicators appears that
can through to measure and evaluate the performance
of a building and occupants. It is vital to identify KPIs that
should not aim at reducing the operating costs, but also
improving the operational efficiency [3]. These indicators
need tools and means that help to measure them by rep-
resenting and modeling to can present proposals and al-
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ternatives in a virtual reality that is really like the actual
building. This interaction depends on developments in
the sensor technologies and biometric sensors that of-
fer opportunities to gather information in a synchronized
time of both the activities of the building and the behav-
ior patterns of the occupants. This information provides
the confirmed reasons behind the particular behaviors of
occupants [4]. It has to be provided a framework of the
dynamic interaction between a building and its occupants
because there is not a correlation between information
sets reflect dynamic changes inside a building and spa-
tial behavior states of occupants. Besides, BIM studies
present an environment to building managers and what
can experiment of an automatic natural interaction of oc-
cupants with their building to efficiently access their re-
quired performance using the information from BIM with
minimum costs [5].

Research problem
Problems of buildings have emerged in the opera-
tional phase and impacted performance and produc-
tivity. As well, they may affect a building life period for
several reasons:

e Lack of clarity, identifying, and describing KPIs that
control in operating a building and occupants’ pro-
ductivity;

e KPIs are not reviewed or monitored periodically to
identify the causes of problems and obstacles affect-
ing a building and its occupants;

¢ Lack of employing technical tools and means to mon-
itor, control, measure, and evaluate performance pe-
riodically;

e These tools and techniques do not use to propose
solutions and alternatives to raise the performance of
a building and occupants and review KPIs after im-
proving and addressing problems that emerged in re-
ality with minimum costs;

e Lack of controlling in interactions between a building
and occupants, which harm performance and produc-
tivity and absenting a framework of these interactions.

Research aim and objectives
The study aim is to evaluate and improve KPIs of the
built environment in the operational phase by a compre-
hensive framework of the dynamic interaction between

a building and occupants to control and enhance those

indicators by integrating BIM with IVR. The objectives of

this study:

e To collect and define the KPIs of a building and its
occupants;

e To profit from BIM potentials through representing,
modeling buildings, and helping to measure and ap-
ply KPIs on a virtual model to save time, effort, and
money. Therefore, it can be developed the actual

building by solutions and proposals are provided in
this virtual model;

¢ To profit from IVR potentials by linking and integrating
with BIM, which helps users to interact with this virtual
model and evaluate it;

¢ To formulate a framework to control the dynamic in-
teraction between a building and its occupants that
controls in KPIs through measuring, evaluating, and
improving by BIM linked to IVR.

Research methodology

The theoretical approach depended on summariz-
ing, identifying, and classifying KPIs based on the lit-
erature survey. The analytical approach addressed the
applying challenges of KPIs. Moreover, which means
will be used to review and observe periodically to recog-
nize problems and obstacles affecting the performance
of a building and occupants. The practical-analytical ap-
proach to utilizing and employing BIM as a technical tool
and a mean for modeling a building to control, measure,
and evaluate KPIs periodically and the synchronized
way after linking to IVR as an immersive interactive en-
vironment. Besides an applied example of using IVR
was analyzed and how to employ and benefit from it
to measure and evaluate built environment components
and humanitarian aspects. Then the paper will study
and analyze case studies have applied BIM to evalu-
ate their buildings after operating to determine any KPIs
was evaluated and can in which degree to enhance and
raise the efficiency of KPIs. The inductive approach
proposed a dynamic interaction framework between the
building performance and its occupants, which controls
in KPIs to be measured, evaluated, and improved by
BIM linked to IVR.

Key performance indicators (KPls)

The performance measurements have not to focus
primarily on financial issues, current measurement prac-
tices and emphasize aspects like the commercial, work
goals, motivate, comfort, and satisfaction [6]. The mu-
tual metrics reveal the performance level of a building
like those are correlating to aspects of financial and the
built space, but do not indicate presented contribution to
strategic results of an enterprise [7, 8]. The performance
indicators always need to deal with and control that rep-
resent core requirements and limitations in operating a
building like communication; emergencies preparedness
and business continuity; environmental management
and sustainability finance and business; human factors;
leadership and strategy operations and maintenance
project management; quality; real estate and property
management; and, technology [9]. KPIs are as a type of
metrics to measure the degree of performance of sys-
tems, processes, or services inside a building. The pur-
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pose of gathering information and calculating KPIs is to

analyze the effectiveness and efficiency of measures,

which have been taken to improve planning and service
processes [10, 11]. Therefore, those KPIs need to meet
basic requirements and needs:

* The experimental and operational goal: KPIs must re-
flect the overall project’s aims and be able to measure
meeting occupants’ needs, also all costs and effort;

* Precision and inclusive: Describing and estimating of
KPIs must not neglect any scope for argument or ma-
nipulation;

* Controllability: KPIs should be the cause of intelligent
decisions as new variables can be controlled by these
adequate decisions. Therefore, KPls demand to be
recognized as external variables for planning the per-
formance and services; and

* Measurability: KPIs should be identified clearly and
measured quantitatively without any extreme costs. In
addition, it should provide the required data.

Hence, the study has followed the classification of
indicators in four categories as physical, financial, func-
tional, and survey-based, which depended on the pre-
vious studies in Table 1. It should emphasize that the
indicators were improved through other studies and are
introduced to use in most cases [2, 10]. These KPIs
have been classified as unquantifiable or depend on
subjective, inherent opinions or self-estimation as “sur-
vey-based” KPIs [8]. Major thirty-five indicators were de-
fined by the previous studies to establish sets of KPIs.
The introduced list of indicators reflects researchers’
views and perception. In a survey study was conducted
on the industry representatives’ opinions were obtained
by the brief of eleven the building management profes-
sionals who were involved in the building management
services and consultancy [1].

* Physical Indicators: the appropriateness and effi-
ciency have been required to achieve functions, space
quality, accessibility, and resource consumption.

* Financial Indicators: Those all correlate to cost are
collected to show costs and payment. They provide
an immediate evaluation can be utilized to make deci-
sions.

* Functional Indicators: organizational or business
mission, employees, and other support aspects in
terms of adequacy of occupants and productivity.
Hence, they will reveal the state of spaces, produc-
tivity, and change rates, which measure occupants’
satisfaction.

e Survey-Based Indicators: They cannot quantify or
are collected by meeting occupants. Surveys use a
questionnaire typically in which the questions depend
on the type of study like permanent or temporary oc-
cupants, and any other that the study needs. They can
be useful to measure the environmental and psycho-

logical aspects where the highest importance is given
based on reactions and opinions.

Challenges and obestacls in measuring KPls

Through the previous presentation of the key perfor-
mance indicators and their classification. The study has
taken into consideration the challenges to apply and uti-
lize KPIs [2, 13]: choosing the related KPIs; documenting
KPIs clearly and accurately; collecting data on KPIs; ana-
lyzing the origin causes of low performance and coming
up with recommendations; making decisions based on
KPIs results; dealing with indicators by: A — periodic fol-
low-up, B — make decisions continuous of improvement
(Resources), and C — engage stakeholders.

BIM as a technical tool for dealing with KPIs

Needing for Building Information Modeling (BIM) has
lately increased as much international company and gov-
ernment taking the initiative to support BIM in a building
life cycle. Moreover, BIM ensures to benefit from efficient
information in building management [14]. There will be
an improvement of the life quality in the workplace be-
cause BIM encompasses multiple disciplines to ensure
the highest functionality and productivity of the built en-
vironment by integrating occupants, place, processes,
and technology [9, 15]. The BIM application platforms
like (Revit-ArchiCAD-Bentley); BIM project management
and coordinating like (Tekla-Vico-Bentley-ProjectWise);
and, BIM energy study tools like (Green Building Studio —
Energy Plus — Integrated Environmental Solutions) [16].
Therefore, employing BIM for building management at
the occupancy and operational phase can benefit from
BIM not only for 3D visualization purposes, but also for
controlling, measuring, and evaluating KPIs, space plan-
ning, renovation, or maintenance by modeling and rep-
resenting a building, elements, and systems that always
contributes in operating to support KPIs synchronized
periodically [5, 17]. An integrated BIM system is capa-
ble of supporting operations of the building management
comprehensively. Motivating possibilities for partners
to adopt BIM during operating the building in cases of
evaluating the design, The potentialities of partners are
being motivated to adopt BIM during operating a building
and evaluating design cases, infrastructure complexity,
sustainability, cost, reliability, and management [18]. In
addition to BIM will help: to efficiently perform a build-
ing permit; to use visual and intelligent metrics to rapidly
evaluate the retrofit impact and maintenance; to quickly
gather and edit building operations databases; and, to
manage built environment from Mechanical, Electrical,
and Plumbing (MEP) systems with BIM asset operating
tools. The advantages of integrating BIM at the opera-
tional phase: the cost of effective operation; shorter time
for making decisions; resource for making decisions;
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Fig. 1. Shows the non-immersive environment (left) and the immersive environment (right) [21]

better way for documentation systems; flexible collabo-
ration and work; updated information; and, conflicts dis-
covery [9]. Building management practices contribute
5-10% of the gross national product of some countries,
and the full costs during the building life cycle may be
seven times higher than the initial costs [19]. A key set of
activities during operation related to maintenance and re-
pair and some unnecessary costs happen while perform-
ing them. In another study, BIM could be implemented
and benefited for different application areas of the build-
ing operations such as: locating building elements; facil-
itating real-time data access; 3D visualization; checking;
maintainability; marketing; creating and updating digital
data; space supervision; risk management; planning and
feasibility studies for non-capital construction; managing
and monitoring energy; and, self-education and improve-
ment [14, 17]. Five main challenges must be overcome
to promote suitable BIM models for managing sustain-
able operational: identifying critical required information
to inform operational decisions; the high level of effort to
create new or modified existing BIM models for the build-
ings; information transfer is managing between actual
time operations, control systems, and BIM model; deal-
ing with uncertainty based on incomplete documents of
a building; and, the behavior of dealing with spaces, the
building elements, and occupants’ productivity [18, 20].

Integration immersive virtual reality (IVR) with BIM

Automatic natural interactions between the occu-
pants, an environment, and a building can be controlled
and monitored to observe reactions [21]. Therefore,
evaluating those reactions and the spatial perception
of a user for doing efficient procedures to access their
required performance by linking BIM with IVR as the im-
mersive environment to represent occupants’ behaviors
within an environment was built by BIM. Thus, it will help

to save time and costs, also access to decisions that
help to develop performance as soon as possible. Virtu-
al Reality (VR) is described as a reality and immersive
simulation of a 3D environment that was created using
interactive software and hardware experienced and con-
trolled by body movement [22, 23]. Adopting the building
representation is near to the human experiment in the
reality that will promote the development of buildings
correspond with actual users. The differences between
non-immersive and immersive virtual reality is accurate-
ly the degree of presence or engagement where the
immersive sample strives to improve by utilizing stere-
oscopic visualization and other means as Fig. 1. As the
perception process continues to enter via various senso-
ry stations, so the immersive preparation gives the more
interfaces, the more likely it is to facilitate extraordinary
levels of attendance [21, 24].

In immersive environments; stereoscopes; widely
view fields; and, high interaction that are critical elements
for reaching the highest presence levels. The presence
affected by environmental factors and personal tenden-
cies. For example, one’s ability to do selective attention
(concentrating on virtual motives and ignoring motives
from the physical environment) be relevant to experi-
ence powerful presence degrees [24]. Due to the level
of spatial perception solely; it cannot forecast the degree
of attendance and the quality of design proposals [22].
Thus, the lack of attendance is the reason for low spatial
perception [25].

Investigating and analyzing an applied example
of IVR to evaluate KPIs
Explaining how to use and benefit from IVR to measure
and evaluate built environment components and human-
itarian aspects. Another study executed an experiment
at the entrance hall of the architecture school building
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in Brazil was selected as a physical environment can be
modeled as in Fig. 2 by these procedures [21].

First, the choice guidelines were to obtain the required
data for making the two 3D models; the physical space;
the adequate level of complexity; the variety (Propor-
tions-Structure elements-Shapes); and, physical near-
ness to the laboratory for the immersive environment
to be established. Second, the two virtual models opti-
mized concerning each platform. The first virtual model
produced by AutoCAD utilizing Sketch Up platform is
non-stereo to experiments in a non-IVR environment. The
second model using the Unity platform that allowed for
converting the regular 3D model into a stereoscopic mod-
el to examine inside the immersive environment. Conse-
quently, the second model is a stereoscopic version of the
first: the same design of the floor surface, material, and
illumination. Both simulations could be categorized as a
modest exploratory virtual reality (Revit as a BIM platform
could use to represent or model that model). The explor-
atory virtual reality is where a user able to investigate the
environment by identifying a person’s path, pausing at
aimed locations, and concentrating on specific elements.
The term modesty is relevant to the level of reality of a
3D model that has low-resolution render influences like
(Ilumination-Shade-Shadow-Material). Both models op-
erate on the same workstation and utilize the same in-
teraction devices. Third, preparing the three-difierent
questionnaires for each environment: (the non-immer-

_ |
Puc. 2. [Ipedcmasaenue u modeawv IVR xoana lllkons: apxumexmypor u
duzaina, UFMG, bpasuaus [21]

Fig. 2. Shows the representation and model of IVR of the Entrance Hall
of Architecture and Design School, UFMG, Brazil [2]].

I\ i

sive; immersive; and, physical). Required questions are
arranged to motivate the respondent perception of space
elements. Fourth, a preliminary experiment was conduct-
ed to test the equipment and perform final adjustments.
From fifth to eighth are procedures for gathering data
and were executed in this order, with one respondent at
a time. Respondents interacted with the non-immersive,
immersive, and physical environment. In the ninth step,
the responses in three environments were compared. The

Ta6bnuua 1
Table 1

Yertoipe kateropum KPI [1-3, 6-8, 10-12]
Shows the four categories of KPIs [1-3, 6-8, 10-12]

plumbing; mechanical services; lighting;
electrical

Physical Financial Functional Survey-based
The building state (quantitative): Building ) . — . . .
Performance Index (BP) Operating costs. Productivity Users’ satisfaction with services
The building state (qualitative):
maintenance; physical state; sanitary; Occupancy costs Parking Community satisfaction and participation

Property and real estate

Capital costs

Employee or occupant’s turnover rate

The learning environment, its
appropriateness (building-functions)

Mission Dependency Index (MDI) and

Waste Utility costs vision Appearance
Safety and health Building maintenance cost Occupant's satlsfact!on with function or
service
Indoor environmental quality (IEQ) Grounds-keeping costs Adequacy of space
Accessibility for handicapped Guarding Cost The learning environment and functional
suitability
Energy resource consumption: use net . . . -
annual energy; natural gas; electric Current replacement value (CRV) Community satisfaction and participation
. Deferred maintenance, and deferred
Resource consumption — water maintenance backlog Appearance
Resource consumption — materials Capital renewal Space utilization
Security Maintenance efficiency Indicators (MEI)
Site and location Building condition index (FCI)
Movement costs
60 1-2'2020
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respondent was not expected to be accurate in perceiv-
ing the immersive environment exactly as the physical
environment, despite the perception decreased inside the
non-immersive environment. Finally, these comparisons
will show the perception of maintenance indexes, which
will serve for all subsequent analysis and enhancements
from KPlIs as in Table 1.

Therefore, from the mentioned case study; these mo-
tivating alternatives and application fields will play a very
significant role during using BIM in a building. BIM will
integrate with new programs to capture information as
IVR through it can operate a building in an easy way.
Hence, IVR will support interaction with the required BIM
information in a studied building and take into account
human aspects and productivity. BIM and IVR are used,
employed and integrated into the building management
operations are still new, and there is little practical data
on these issues. The studies have used ways like on-
line-surveys and scenarios to examine the use and in-
tegration of BIM and IVR for operating and occupying
a building ideally and efficiently. IVR as apart from the
mixed intelligent reality is a progression of conventional
virtual reality environments and the most hopeful expres-
sion of ambient intelligence. IVR provides a user to see
the real world, with virtual objects overlapped or com-
posited with the real world. Therefore, IVR adds reality,
rather than completely replacing it. That makes IVR is a
good choice to manage a building and traditional tasks
based on the live show of spaces that can integrate into
databases and they need all in one interface. The study
of IVR helps to solve real-world problems because there
is no need for a distracting switch domain. Furthermore,
since building managers are continually moving through
spaces, having a portable to a computer or a mobile de-
vice will be beneficial if they were to employ IVR in their
responsibilities [22]. Having a sophisticated and compre-
hensive BIM model includes the required information. Be-
sides a 3D model of all elements and systems in a build-
ing can be used as a database that can be integrated
with IVR to provide an intelligent environment for building
managers to examine the level of processes of operating
and maintenance [26].

Analyzing the applied examples of BIM
to evaluate KPIs

In this section, the study will investigate and analyze
case studies have applied BIM to evaluate their buildings
after operating to determine any KPIs were evaluated to
can develop, enhance, and increase the efficiency their
KPIs as in Table 2, these cases:
1. The first: a parking garage project its structure made

of the precast concrete [27].
2. The second: a sports complex, including a baseball

stadium and clubhouse [27].

Ta6bnuua 2
Table 2
KoHTponbHbii cnncok KPI, koTopbie 6b1i1 U3MepeHbl U OLieHEHbI
ANs KaXAoro cnyvas
Shows the checklist of KPIs that each case had been measured and evaluated

The case
KPIs
1123|415
A physical building state (quantitative): Building vl V2 W Va2 W
Performance Index (BPI)
A physical building state (qualitative): maintenance;
physical state; sanitary; plumbing; mechanical VivIvIVLY
services; lighting; electrical
Property and real estate v
Waste VIv]Y
| Safety and health viiviv]v
-g Indoor environmental quality (IEQ) ViV
& Accessibility for handicapped VIivi|Y
Resource consumption energy: use net annual energy; v
consumption; natural gas; electrical
Resource consumption — water v
Resource consumption — materials: material W
consumption
Security vV
Site and location v
Operating costs viiviv]v
Occupancy costs vI|v v
Utility costs viviviv]v
Capital costs v
Building maintenance cost Vv v
__ | Groundskeeping cost
'é Guarding Cost v
i Current replacement value (CRV) ViviIv]Y
ll;);f:ilr(r)zd maintenance, and deferred maintenance v V2 V2 WV
Capital renewal VIV
Maintenance efficiency Indicators (MEI) vV v
Building condition index (FCI) ViviIv]Y
Movement costs Vv v
Productivity Vv
Parking v
Employee or occupant’s turnover rate v
Mission Dependency Index (MDI) and vision Vv
g OCru:;?’\r/T;ceégbuilding occupant satisfaction with products | | .| ,| /|
L:'é Adequacy of space VIV]Y
The learning environment, educational suitability, and
functional suitability 1Y
Community satisfaction and participation VIiv]Y
Appearance 2 4
Space utilization vV
Customer or buiI_ding occupants’ satisfaction with 2w
3 products or services
,§ Community satisfaction and participation VIV
:‘;" Learn environment, educational suitability, and VW
& | appropriateness
Appearance v vi]v
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3. The third: a municipal Centre with commercial build-
ings and the new Vilnius County building, in Lithuania,
north-eastern Europe [28].

4. The fourth: Kerr hall east at Ryerson University in To-
ronto, Ontario, Canada [20].

5. The fifth: the case using IVR that previously mentioned
to measure and evaluate the components of the built
environment and humanitarian aspects [21].

After KPIs have been reviewed and collected as a
checklist in the above table from the previous study cas-
es was addressed in other researches. The study found
the four cases focused on physical environment aspects
more than behavior and performance aspects of users like
productivity, users’ comfort, and positive interaction with
built environment elements. In addition to the study found
that the fifth case used IVR technology, which focused
on users’ interaction with components and elements of
the built environment and indicators need to be a practi-
cal survey from occupants even if only at the expense of
financial indicators. Consequently, the research aim is to
deal with these indicators and consider them at the oper-
ational and occupancy phase through integrating BIM and
IVR for treating deficiencies and obstacles them to evalu-
ate and improve the performance of a building and occu-
pants. Thus, the need has emerged for a framework for
dynamic interaction between a building and its occupants,
which controls in KPIs to evaluate and improve them by
BIM based on IVR.

A proposed framework of a dynamic interaction
between its occupants through integrating BIM
with IVR

As an inductive approach; the study proposes this new
comprehensive framework and modeling system sup-
ports the dynamic interaction of the building spaces and
occupants to collaborate towards improving productivity
(the performance of the building spaces and occupants)
and the sustainability of the built environment. The pro-
posed framework steps are: to check the building spaces
and occupant conditions; to perform feedback: presenting
information about each part about own condition; trans-
parency principle: providing information about the state
of a building and occupants; to represent and model the
building with all components and systems using BIM; to
link the BIM model with IVR; to study and analyze a build-
ing by IVR was discussed in this paper and all other avail-
able methods (questionnaires and surveys) of gathering
and analyzing information to deal with all them; to estab-
lish the common working field: defining KPIs of balancing
the goals and constraints of a building and occupants; to
make mutual decisions by analyzing procedural alterna-
tives of a building and occupants to achieve the common
purpose; to develop the BIM model; to repeat the sixth
step; to take procedure (based on KPIs by measuring and

evaluating); and, to offer the proposals, solutions, and
recommendations to enhance and support KPIs at the
operational phase (or return to the tenth step). The frame-
work steps represent periodic cycles of the dynamically
interactive dialog between a building and its occupants
to achieve the balancing sustainability of the building
performance and its occupants. Supporting more holistic
related data set and analytics focused on spatial, tempo-
ral, and psychophysiological states, the framework uses
qualitative and quantitative tools to collect the required
information types and the appropriate metrics through a
virtual model of the actual building.

Discussion

The KPIs that were studied as in Table 2 according to
the individual conditions and the purpose of each project.
The KPIs that were not included in the previous studies
(at the first, second, third, and fourth cases) were ad-
dressed in the fifth case of IVR because either the build-
ing didn’'t provide other means and systems to serve all
KPIs or the BIM models of those cases were not linked
with IVR or another technology. In the case study of IVR
was analyzed and motivated occupants’ spatial percep-
tion of the following: vertical distance; area; quantifying;
horizontal distance and between elements, shape; and,
positioning. In addition to the BIM model can provide them
to measure and evaluate, but the occupants’ reaction re-
mains the influential factor within objective questions with
equivalent choices; the questions were taken to motivate
the occupant’s perception to evaluate the occupation ef-
ficiency. Therefore, the case study of the IVR could use
the BIM platforms rather than the used software where it
can benefit Interferences between different disciplines in
the modeling stage, which hinder unifying the team’s goal
and working to make it more successful that needs much
effort to resolve. The difference in results between the
studied BIM model and actual reality in nature in most cas-
es because of potentials. Researchers and users of this
new method accepted and understood for measuring and
evaluating performance by minimum costs throughout all
phases. Methods of data gathering and survey are used to
analyze, measure, evaluate occupants’ interactions in the
built environment, also develop interaction between them
to be more positive that may impact on the result.

Conclusions

The research has demonstrated the importance link-
ing BIM to IVR and confirmed that through a proposed
framework of interaction between a building and its oc-
cupants to measure and evaluate KPIs at the operational
phase; also, controlling in the required productivity lev-
el by those KPIs. The research has addressed the KPIs
were collected from previous studies and reviewed them
in the cases addressed KPIs to check and evaluate in
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the buildings at the operational phase. Besides, there
were deficiencies and obstacles at measuring and ap-
plying KPIs because of the limited BIM model can deal
with human aspects and measure KPIs associated with
it. Hence, the fifth case study that based on IVR enabled
from measuring, evaluating, developing, and dealing with
KPIs related to the humanitarian aspects and productiv-
ity after using IVR technology as was presented in the
paper. In addition to reducing differences often occurs
between what specialists hoped; what is actual; and the
minimum cost, effort, and time. All of these push at the
end of the study to formulate a framework for manag-
ing the dynamic interaction between a building and its
occupants to can apply a BIM model linking to IVR at
the building in the operational and occupancy phase to
deal with all KPIs. The research has presented a pro-
posal for dealing with KPIs through technological tools to
measure, evaluate all types of indicators, then support,
and improve them with the maximum accuracy in the
operational phase and their relationship with occupants’
performance. Furthermore, there may be other methods
will be presented by researches and other studies that
need to be investigated and evaluated in the future. Be-
sides, future projects can benefit from this study to apply
BIM linked to IVR in their life cycle phases and introduce
proposals for evaluating and improving their KPIs as the
initiative to promote BIM in building life cycles.
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