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Abstract: The complexity of the design and completion of buildings poses a challenge for the
construction industry in terms of meeting user needs. Performance-based building design (PBBD)
is a design concept that describes these needs as performance requirements, designing buildings
according to an iterative process of translating and evaluating the performance requirements of the
buildings. PBBD is a concept that is used to produce buildings with high performance. This study
aims to identify which PBBD factors are applied by architect and engineers in the planning and
design of high-rise residential building in Surabaya, Indonesia. Primary data were collected by
a survey using observation. A questionnaire was distributed to designers who were involved in
design processes. A total of 68 respondents responded to the questionnaire. A descriptive analysis
through a scatter plot was used to rank the application of PBBD. Factor analysis was used for the
application of the PBBD concept. Four factors were identified: the interests of occupants, building
management, process of design collaboration and risk of loss. Future research is needed to measure
the success model of PBBD and to integrate PBBD into BIM (building information modeling) to
allow interoperability.

Keywords: performance-based building design; PBBD; high-rise residential

1. Introduction

1.1. Background

Buildings are complex systems and are designed to meet certain criteria. However, in the
complicated design process, the design often does not achieve integrated results [1], and problems arise
in the implementation of construction projects [2]. Another important issue is the decision-making
process for design solutions. The research presented in [3] considers a process that focuses on
value. After all, the design determines whether the building provides support for the accommodated
activities. The building performance requirements are translated by the designer and then processed
and evaluated in terms of the achievement of the desired characteristics. Performance requirements are
then integrated into a design; this is process is called performance-based building design (PBBD) [4].
The concept is not new; many countries have implemented it, and it is rapidly developing as a means
for minimizing the risk of buildings in terms of natural and man-made hazards. This can be analyzed
at an early design stage [4]. The key concepts of PBBD according to the work presented in [5] are:
(1) performance parameters that are clear and refer to the target; (2) parameters that can be monitored
in terms of acceptance of performance; (3) objective criteria; (4) if performance criteria are not achieved,
it is ensured that this do not cause other problems; and (5) flexible performance parameters that
they can be developed. The development of performance criteria means that they can be reused as
data or information. For building owners during operation and maintenance, this is aspect becomes
important in relation to the information available about the design process of the new building [6].
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Meeting the needs of the building is not the designer’s only task; the designer needs to suit the needs
of the user/occupants, but also to provide a mechanism so that the building can adapt to changes that
will occur during its planned life cycle.

The aim of this research is to identify the factors, in consideration of the application of PBBD,
that should be applied by designers in high-rise residential buildings in the city of Surabaya. The study
begins with a literature review and continues with the distribution of a survey through a questionnaire
distributed to 68 respondents who were experienced in designing high-rise residential buildings in
Surabaya. This study is expected to support the development of PBBD research and its practice in
achieving building performance in accordance with user/occupant requirements.

1.2. Geographic Context

Indonesia is located between the continents of Asia and Australia. Jakarta is the nation’s capital.
Indonesia is bordered by other countries; it shares the island of Borneo with Malaysia, the island of
Papua with Papua New Guinea and the island of Timor with Timor Leste. Figure 1 shows the map of
Indonesia with the location of Surabaya.
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Figure 1. Map of Surabaya location.

Surabaya is one of the largest cities in Indonesia, with a population of 3,158,943 based on
information from the statistical bureau in 2019. The dynamics of population growth will continue to
increase, because Surabaya occupies a strategic position regionally and nationally that has business
potential for economic development for Indonesia. This has led to increased migration to Surabaya;
thus, the need for housing continues to grow. Because land prices in the city of Surabaya are relatively
expensive and land availability is limited, apartments are one of the best solutions for providing
vertical housing. To date, based on international Colliers data from 2018, the number of apartment
units in the city of Surabaya was 31,471, with an occupancy rate of 52%. A home is a person’s basic
need, and this represents a long-term investment that should be adapted to the habits of residents.
Therefore, high-rise residential development is important to ensure that the needs of residents can be
handled properly, and that the performance of a building is also guaranteed [7]. Occupant satisfaction
is a complex matter that refers to residential units and satisfaction with the area and the environment.
By conducting a post-occupancy evaluation, a designer can determine the occupants’ needs and then
implement them in the next design process of residential [8].

2. Literature Review

2.1. PBBD

The definition of performance is an action or process of carrying out a task. In the construction
industry, the performance of a building refers to how well the building can perform its functions [9].
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This is a key concept of PBBD. The benefit of using the PBBD concept is that it provides designers
with innovations in terms of producing alternative design solutions related to problems that arise
in buildings. Common problems are related to safety, health [9], poor maintenance management,
the deterioration of building quality and poor usability [10] by occupants. PBBD is known as an
implementation of building design that focuses more on the results achieved by the building in
accordance with its performance requirements, without specifying work methods and what materials
should be used. However, the building as a whole must have good structural stability, which is
achieved by analyzing the materials used [11].

Performance-based design is a design concept that focuses on performance targets required for
the user needs [12]. Basically, performance targets can differ based on the perspectives of the relevant
stakeholders. For example, the client is the owner of the building that will rent or sell the property; they
are more concerned with financial aspects to increase profits and the durability of the entire facility,
while only a few consider the well-being of occupants. In addition, entrepreneurs are also interested in
meeting occupants’ needs at a minimal cost. The situation is different for owners as entrepreneurs who
occupy the building after finishing as end users; they usually set strict performance requirements—for
example, building aspects related to durability and energy. Another case could be that of a regulator
that ensures the needs of end-users can be realized; additionally, the regulator could require the
enhancement of environmental aspects due to the impact of buildings and that the economic stability
of the building must be maintained. Furthermore, designers are focused on dealing with performance
requirements whose processes involve scientific disciplines during the design process [11].

Building performance and user/occupant needs are two related matters. Gopikrishnan and
Paul [13] divided the user/occupant requirements related to buildings into three factors: these are
physical performance related to physical building condition, functional performance related to healthy
occupants and financial performance related to capital costs or building life cycle costs (LCC). Sayin and
Celebi [4] discussed this further by adding social performance and process performance. Therefore,
by setting the goals to be achieved at the beginning of the design, the step will focus the designer’s
efforts on aspects of improving performance. In Figure 2, 14 performance factors are categorized into
performance criteria based on literature studies.
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2.1.1. Social Performance

Social performance includes criteria related to the comfort, health and safety of users/occupants
and neighboring buildings [14]. In this study, social performance is divided into two categories, namely
comfort-health and safety performance. Based on sub-performance, the comfort-health category
consists of accessibility, indoor air quality and visual comfort. Based on sub-performance, safety
consists of structural safety and fire safety.

Accessibility

The design of the building must consider accessibility, that is, the ease of reaching public facilities
such as places to eat, worship facilities, car parking and sports facilities that are available in the
apartment area. This refers to the proximity of buildings that can be reached on foot [15].

Indoor Air Quality (IAQ)

IAQ is an important performance aspect for the health and well-being of users/ occupants related
to air contamination and indoor pollutants [9]. Diseases arising from indoor air quality are sick building
syndrome and building-related illnesses (BRI) [16].

Visual Comfort

Visual comfort is related to user/occupants satisfaction with lighting conditions in the room.
According to the work presented in [17], the quality of lighting and its effect on comfort levels depend
on other factors, such as the distribution of luminance, glare, color rendition, daylighting, circadian
effects and flicker. The new design approach—especially regarding visual comfort—can guarantee
adequate lighting quality.

Acoustic Comfort

Acoustic performance has different levels of requirements based on the function of the room in
the building. This is a performance aspect that is related to occupant satisfaction with various sounds
in the building. Extreme sound with a long duration can cause damage to hearing [9]. Noise sources
both inside and outside can affect the comfort of occupants, meaning that noise control depends on the
filtering of building envelopes [16].

Structure and Fire Safety

In general, both are classified in the structural system, which is related to the safety of occupants
and building property. Structural systems are classified as a critical and risk design; thus, understanding
and careful design is needed. Therefore, designers usually innovate by incorporating these factors into
performance-based design codes and standards [18].

2.1.2. Environmental Performance

Environmental performance in this study consists of two criteria, namely the sustainability of
the building and energy load. This environmental performance arises from dissatisfaction with the
environment caused by buildings [19]. Global challenges such as climate change, human population
growth and limited resources [20] lead us to place emphasis on this domain. The emphasis on building
quality is driving building standards such as Leadership in Energy and Environmental Design (LEED)
in the US, building research establishments environmental assessment method (BREEAM) in the
UK and Green Star in Australia, which are applied by clients, architects and engineers focused on
optimizing building performance. Improving environmental performance can be done by using
minimal resources [14].
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Sustainability of the Building

Sustainable building design is currently in the initial stages of acceptance [21], but it must be
ranked highly in terms of environmental, social and economic factors. Setting the specific sustainability
targets before beginning the design allows the designer to improve and validate the design and reduce
the impact of the building [22].

Energy Load

Energy load refers to the use of energy in building operations to provide comfort related to indoor
temperatures and lighting. Energy efficiency is a concern in design, as part of achieving a sustainable
building. One of the methods used to measure the energy efficiency a building is an envelope thermal
transfer value (ETTV); this method can predict the energy load of the occupants with high accuracy [23].

2.1.3. Economic Performance

LCC analysis is a method that is believed to make the design process more complete. Usually,
construction costs are a concern and the costs of the operation and maintenance buildings are often
ignored. Maintenance costs are very important for investors when managing a building; however,
LCC analysis can also guide investors in decisions making [24].

Business Process

Design is an important factor for business success; this is because the quality of the design can
improve the image of the developer. In addition, if a designer is given a job opportunity, stable clients
and the designer can charge for service provided at a premium price [25]. This represents a contribution
to promoting design by increasing customers through products, product functionality and product
quality [26].

Cost Effectiveness

The high and uncertain costs during the design process are a challenge for designers.
Designing high-performance buildings requires a large initial cost, but the quality of the design
is more efficient and environmentally friendly [25].

2.1.4. Functional Performance

The entire building objective is the basis for measuring the functional performance [13] that
supports the activities of users/occupants in the building [15]. Functional performance includes the
suitability of building functions; i.e., the use of space, physical conditions, safety and ease of service [9].

Building Operation

The operational phase of the building is now a concern in the design process. This refers to how
well the building that was designed can work in practice [9]. Considering the operational phases
of a building with digitalization support is useful for improving building performance, as well as
providing feedback to the design stage to help eliminate performance gaps [27].

Building Quality

There is a relationship between building quality and building performance. As the research shows
that the quality of planned buildings can change due to budget availability [10], changes affect the
degree of increase of buildings damage; for example, changes in material quality can result in not
reaching specified performance targets in the buildings. It was also highlighted in [9] that building
quality is one of the key building performance requirements.
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Ease of Maintenance

Maintenance is intended as an activity to prevent and reduce damage to building services.
This includes residential equipment such as pipes, water pumps, elevators and swimming pools.
This facility affects the quality of life of residents, so it should be well designed, installed and
maintained [15].

2.1.5. Process Performance

The performance process is very important in the design of a building. This relates to activities that
must be carried out to fulfill the design goals. The performance process focuses on managing resources
and the creation of a design environment that supports designer and facilitates the completion of their
tasks [28]. This requires the involvement of another design consultant; in this study, this is related to
collaboration in the design of high-performance buildings. Because of the complexity of the design,
collaborative work can improve design performance and influence the final outcome [25].

It has been explained above that the implementation of building design based on performance
is developed in accordance with the needs of users/occupants in several aspects of the building.
Before beginning the design, the client, the purpose of the building and the consequences of the
building must be well understood. The determination of the requirements of the building can be
compared after the building is finished to see the compatibility of planning with practice [29]. Basically,
performance aspects are classified into a category system depending on interpretation and can be
allocated to more than one category; for example, criteria related to health and comfort can be
allocated to functional and social performance [14]. Some aspects of performance mentioned by
researchers include spatial, location, esthetics, fire safety, noise, security, humidity, indoor air quality,
durability [11,30], equipment and furniture—all of which can be optimized to improve the quality
of buildings. The emphasis on building performance encourages building standards, such as WELL
building standards, that are developed to integrate occupant activities in buildings with a greater
emphasis on occupant health.

2.2. BIM in Performance Design

Another important aspect of PBBD is that it supports the building information modeling (BIM)
approach throughout the life cycle of the building by considering aspects of design performance
levels [31]. BIM is a tool, process and technology that is performed by a digital machine whose
documentation can be updated regarding buildings, performance, planning and operations. The use
of technology for performance-based design models can facilitate the development of ideas for
producing innovative designs by incorporating performance principles into design generations [32].
Exploring performance-based design provides user-friendly parameters for using sophisticated
simulation-based software, meaning that it helps designers to increase their creativity and find good
solutions to problems [33]. To date, the development of BIM for sustainable design is still in its
early stage. Both BIM and PBBD have a good potential relationship when integrated into building
design. Bynum et al. [34] suggest that the use of BIM is most widely applied in companies for
project coordination and project visualization. In addition, energy analysis, mechanical-electrical
and plumbing analysis, as well as lighting analysis, are the most widely performed types of building
performance analysis in a sustainable project. Designers recognize that, after understanding the
potential benefits gained by using BIM, it will become an important tool for supporting sustainable
design and construction practices. Of course, to achieve sustainability projects, the support of the
parties and collaboration with each other must also be optimally carried out.

3. Research Methods

Before distributing the questionnaire, the census needed to be carried out in advance with
the planning consulting firm incorporated in the National Association of Indonesia Consultants
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(INKINDO). The determination of the sample of respondents was done by using the purposive
sampling technique, which is a sampling technique with special conditions [35]. In this case, in order
to obtain an informative sample, the selection of respondents include experienced designers who were
involved in designing high-rise residential in Surabaya, namely design engineering professionals at
consulting firms.

In this study, respondents were asked to fill out a questionnaire in accordance with the instructions
mentioned above; that is, the respondents gave their information and completed questions about
indicators of PBBD on a five-point Likert scale. The scale contained numbers from 1 to 5, each
representing a level of agreement from very low to very high. The indicator was based on the
performance criteria applied by respondents in their designs. Respondents were given a maximum of
two weeks to fill out the questionnaire. Respondents were then contacted again to ascertain whether
the questionnaire was sent back by post to the address that was included in the reply envelope. Of the
255 questionnaires distributed, 92 questionnaires were sent back, but only 68 questionnaires were
declared valid based on the complete answers from the respondents and could be used. Figure 3
presented the process of research. There are two analysis method used: a scatter plot to identify the
level of importance of PBBD factors and factor analysis to determine the factors in the application
of PBBD.

Review PBBD through literature review

v

Exploratory study to explore current practices

of PBBD and identify important factors

v

Data compilation

v

A4 A 4

2nd Analysis
1st Analysis ) ; )
i o C ) Factor analysis for the application of
Scatter plot for identity the level of : ] )
4 T the PBBD concept to high-rise
importance of PBBD factors. ) ) o
residential properties in Surabaya.

!

Synthesis the result and discussion

v

Conclusion

Figure 3. Flowchart of research methods. PBBD—Performance-based building design.

Furthermore, factor analysis was used to validate and determine factors for the application of
the concept of PBBD based on the respondents’ choice. It was intended that information from many
variables could be summarized into a number of factors, meaning that it could be easily arranged,
making conclusions easier to reach. The extraction method used was principal component analysis,
where the main components extracted were based on the criteria for loading factors greater than 0.5.
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4. Results

4.1. Profile of Respondents

General data collected from respondents covered information about their position and work
experience background in their respective organizations. Table 1 presents a summary of the backgrounds
of respondents.

Table 1. Background of respondents.

Items Sub-items N %
Project manager 5 7.3

Project officer 2 2.9

Position Design manager 3 44
Design engineer 48 70.5
Others 10 14.7
Architectural design consultant 34 50.0
Role in design process Building structural consultant 30 441
Construction management consultant 4 5.8
<1 years 13 19.1
Working experience 5 years 36 52.9
6-10 years 19 27.9
Total 100

In this study, most respondents were designs engineering professionals, accounting for of 70.5%.
In general, it is known that design engineers are some of the most expert of the many professionals
involved in the planning process, including architects and engineers. In total 50% of the respondents
were architect consultants, their role in design is very important because they control and ensure
that the design process is carried out effectively and can be accounted for in terms of planning.
In developing a performance-based building design framework, members of the design team must
handle performance requirements derived from the needs of users/occupants without any aspects
being solved at the expense of other aspects. For example, for energy efficiency, the use of passive
ventilation is designed to maximize openings, thereby affecting the performance of environmental
aspects [36,37]; however, in social aspects, residents feel a lack of security related to privacy [38].
The role of architects in decision making becomes important when determining tradeoffs and assessing
the actions which best fulfill the requirements. Decision making is accompanied by knowledge and the
evaluation of the risks related to these aspects [39]. The aspects described as performance requirements
are implemented in every discipline, the processes of which are coordinated and collaborated [11].
Furthermore, most respondents, at 52.9%, had work experience for five years, which means that the
adequacy of respondents related to work experience was considered to be accurate and reliable.

4.2. Result of Distribution Data

The most influencing factors in the consideration of the application of PBBD in this study were
found by considering the ranking based on the respondents’ chosen score. In Table 2, we show the
distribution of data using mean and standard deviations (SD).

From the acquisition of the mean and SD, in the analysis presented the mean value is >3,
which means that the respondents agree that all of these variables are important, although the
importance of each of these variables was perceived differently for each respondent based on the SD.
In order to facilitate the assessment of the order of the variables that had the most influence, mapping
was done in a diagram where the X axis shows the mean and the Y axis shows the SD. Each research
variable was divided into four quadrants based on the mean and standard deviation, as shown in
Figure 4 and Table 3.
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Table 2. Distribution data of variables.

Code Variable Mean Standard Deviation

X1 Accessibility 4.49 0.72

X2 Indoor air quality 4.41 0.88

X3 Visual comfort 4.18 0.77

X4 Acoustic comfort 4.28 0.77

X5 Structural safety 4.76 0.52

X6 Fire safety 4.68 0.56

X7 Sustainability of building 4.19 0.76

X8 Energy load 3.97 0.85

X9 Business process 4.06 0.83

X10 Involvement of another design consultant 4.54 0.76

X11 Building operation 428 0.75

X12 Cost effectiveness 4.22 0.75

X13 Building quality 4.62 0.57

X14 Ease of maintenance 4.50 0.61

0.9
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Figure 4. Scatter plot analysis of factors in the implementation of PBBD.

Based on Figure 4 and Table 3, the most influential variables in the application of PBBD can be
seen to be in quadrant I. It is observed that the variables have a large mean value and a small number
of standard deviations; this means that almost all respondents agree to implement PBBD, and only
a few disagree. In quadrant II, which has a large mean value and standard deviation, it can be seen
that although not all respondents agreed to apply the approach, more respondents agreed to apply
PBBD. Furthermore, for quadrant III, with a small mean value and a large number standard deviation,
it can be seen that respondents tended not to—but there were still some who did—apply the PBBD
factor in their design. Based on the results of the scatter plot diagrams, the PBBD factors were found to
be applied by designers in high-rise residential design in Surabaya, Indonesia. This can be seen in
quadrant IV, where there are no PBBD factor attributes in the diagram. Quadrant IV has a small mean
value and standard deviation, which means that all respondents agreed not to apply the approach.
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Table 3. Most important variables.

Code Variable Quadrant Rank
X5 Structural safety I 1
X6 Fire safety I 2

X13 Building quality I 3
X10 Involvement of another design consultant I 4
X14 Ease of maintenance 11 5
X1 Accessibility II 6
X2 Indoor air quality 11 7
X4 Acoustic comfort 11T 8
X11 Building operation 111 9
X12 Cost effectiveness 111 10
X7 Sustainability of building 11 11
X3 Visual comfort III 12
X9 Business process 1 13
X8 Energy load 11T 14

4.3. Factor Analysis Results

4.3.1. Kaiser-Meyer-Olkin (KMO) and Bartlett Test

The KMO test shows the degree to which a partial correlation relates to the original correlation.
If the interconnected matrix value is the identity matrix and the KMO value is <0.5, then the results
indicate that the KMO value is small and shows that the correlation between pairs of variables cannot
be explained by other variables [40]. The KMO index ranges from 0 to 1, where a value of 0.50 is
considered suitable for factor analysis [41]. Bartlett’s test is used to determine whether the correlation
matrix resembles the identity matrix, where the correlation coefficient is close to zero and must be
significant at a level of 0.05 [42]. From the processing of the data, the KMO and Bartlett’s test values
were obtained at 0.824 with a significance of 0.000. In this case, the KMO and Bartlett tests met the
minimum criteria.

4.3.2. Measured of Sampling Adequacy (MSA)

MSA values indicate the adequacy of the sample. MSA uses a standard value of >0.5 [43],
where a value of 1 means that the variable is predicted perfectly without error by other variables [40].
A value less than 0.5 is usually considered unacceptable and the variable must be reduced [40]. In this
study, the MSA values for anti-image correlation tests for all diagonals were above 0.5 (between 0.659
and 0.879). MSA values are shown in Table 4.
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Table 4. Anti-image matrices.
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X13 X14
X1 0.8402 -0.350 -0.310 0.065 -0.199 -0.187 -0.171 0.148 -0.120 -0.031 0.066 0.081 -0.216
X2 -0.350 0.8792 -0.077 -0.228 0.007 -0.052 0.125 -0.133 0.048 0.103 -0.046 -0.101 -0.233
X3 -0.310 -0.077 0.7722 —-0.346 0.189 0.181 0.067 0.132 -0.110 —-0.241 —-0.048 -0.320 0.127
X4 0.065 -0.228 —-0.346 0.868 2 -0.061 —-0.286 -0.222 —-0.094 0.001 0.156 -0.003 —-0.094 -0.118
X5 -0.199 0.007 0.189 -0.061 0.706 2 -0.187 —-0.186 -0.089 0.215 -0.100 -0.086 -0.210 0.211
X6 -0.187 -0.052 0.181 -0.286 -0.187 0.8192 0.047 -0.131 0.113 —-0.143 -0.018 0.023 0.028
Anti—image correlation  x7 -0.171 0.125 0.067 -0.222 —-0.186 0.047 0.8492 —-0.341 -0.173 -0.112 -0.016 0.096 -0.192
X8 0.148 -0.133 0.132 —-0.094 -0.089 -0.131 —-0.341 0.7942 —-0.280 0.224 —-0.185 0.009 -0.095
X9 -0.120 0.048 -0.110 0.001 0.215 0.113 -0.173 -0.280 0.846 % -0.059 -0.217 -0.089 0.004
X10 -0.031 0.103 —-0.241 0.156 -0.100 —-0.143 -0.112 0.224 -0.059 0.659 2 -0.502 -0.055 0.031
X11 0.066 —-0.046 —-0.048 -0.003 -0.086 -0.018 -0.016 -0.185 -0.217 -0.502 0.793 2 -0.038 0.032
X13 0.081 -0.101 -0.320 —0.094 -0.210 0.023 0.096 0.009 -0.089 -0.055 -0.038 0.8702 -0.223
X14 -0.216 —-0.233 0.127 -0.118 0.211 0.028 -0.192 -0.095 0.004 0.031 0.032 -0.223 0.866 2

a. measures of sampling adequacy (MSA).
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4.3.3. Factor Extraction

The extraction method used in this study was the principal component analysis (PCA) method, as
suggested in [41]. The purpose of using PCA is to simplify the components of a large variable into a
number of small components [40]. The proportion of variance that is explained by each of the extracted
factors is called the variable’s communality; the values range from 0.0 to 1.0. The closer the value is to
1.0, the greater the percentage explained variance of a variable [41]. However, in this study, the X12
variable only contributed a communality value of <0.5; Mvududu and Sink [41] suggest the removal of
attributes that have values less than 0.5 before other factor analyses are carried out. This means that
one attribute was removed, and then the remaining 13 attributes were analyzed. In Table 5 we show
the overall extraction communality values of variables that met the minimum criterion >0.5.

Table 5. Factor analysis result.

Varimax-Rotated Loading Factor

Code Variable Communalities

2 3 4

X2 Indoor air quality 0.716 0.785 - - -

X3 Visual comfort 0.776 0.746 - - -

X1 Accessibility 0.664 0.734 - - -

X4 Acoustic comfort 0.689 0.692 - - -

X13 Building quality 0.574 0.683 - - -

X14 Ease of maintenance 0.646 0.663 - - -

X8 Energy load 0.789 - 0.850 - -

X7 Sustainability of building 0.696 - 0.722 - -

X9 Business process 0.737 - 0.647 - -

X10 Involv.ement of another 0.797 3 B 0.871 3

design consultant

X11 Building operation 0.749 - - 0.776 -
X5 Structural safety 0.724 - - - 0.822
X6 Fire Safety 0.642 - - - 0.732
Eigenvalues - - 5.132 1.552 1.338 1.178
% variance - - 25871 17189  15.039  12.669
Cum % variance - - 25871  43.060  58.099  70.768
Cronbach « - - 0.858 0.748 0.744 0.671

In this study, maintaining the number of factors is a critical and difficult problem. The Kaiser
Criterion is used to drop a factor with an eigenvalue below 1 [41]. The results obtained are based on the
eigenvalue, four factors greater than 1 are formed. The extracted factors explain 70.76% of the variance,
which means that these four factors are sufficiently typical to represent the original 13 variables.

4.3.4. Factor Rotation

Rotation is carried out so that the loading of each variable on the extracted factor can be maximized
and the loading on other factors minimize [41]. For this study, Varimax orthogonal rotation was
used based on recommendations [38]. The correlation between variables and factors is called factor
loading [40]. The loading factor value is determined in this study as >0.5 for significance. According to
the work presented in [40], a loading of 0.50 indicates that 25% of the variance is explained by the
factor, where as a value of 0.70 indicates that 50% of the variance of the variable is explained by the
factor. Thus, the greater the loading factor value, the more important it is in interpreting the factor
matrix. The final result is the determination of each variable based on the factors formed by looking at
the largest to the smallest correlation value on the formed factor.

X2, X3, X1 X4, X13 and X14 were labeled as factor 1, as “the occupants interest”; X8, X7 and X9
were clustered into factor 2 as “the building management”; X10 and X11 were aggregated into factor 3
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as “the process of design collaboration”; and finally, X5 and X6 were grouped into factor 4 as “the risk
of loss”.

The value of each variable was tested for reliability using Cronbach’s «. All criteria have acceptable
reliability with margin values >0.7 [44], and even a value of >0.6 is still acceptable [43,44]; therefore,
the formed factors can be said to be reliable and are considered to be consistent. Four components are
defined as factors that apply performance-based design to high-rise residential buildings. Each factor
will be further interpreted below.

5. Discussion

5.1. Occupants Interest

The importance of this factor is shown by the percentage of variance in the factor analysis in
Table 4 with a value of 25.87%. This factor consists of attributes that include indoor air quality, visual
comfort, accessibility, acoustic comfort, building quality and ease of maintenance [15]. The purpose of
a building is to meet the expectations, needs and desires of users/occupants. Occupants become one of
the significant factors and are correlated with the building performance [15,30]. The term “occupant’s
interests” has become a design requirement when producing high-performance and sustainable
buildings. As a central figure related to residential comfort, designed buildings must prioritize
occupant requirements as the final product. This is possible by providing buildings as products which
have a good quality; only then will the building earn the trust of occupants. Braganga et al. [21]
also asserted that the interests of the occupants, as the final result of the use of the building, is a
measure of the success of meeting design objectives. Occupant satisfaction can be evaluated using a
post-occupancy evaluation [15]. This is a structured process for evaluating the performance of buildings
after they are built and occupied [21] and can be approached as a tool that can inform the designer
about the need to make a building that matches the occupants’ perceptions, preferences and abilities,
as well as ensuring that residents receive the return on investment they expect [45]. Furthermore,
this approach is also the best way of evaluating certain aspects of residents’ living environment that are
related to the quality of the physical characteristics and functional characteristics of the building [8].

5.2. Building Management

This factor has a percentage variance of 17.18% in the application of performance-based building
designs in high-rise residential building. This factor consists of three attributes, which include
the energy load, sustainability of the building and business processes. The function of building
management is to evaluate the performance of the building and provide services to occupants [46].
The interaction between buildings and occupants is usually regulated by a building management
system (BMS) [9]. Buildings are the biggest energy contributor, at 80-90% in operation, while the
energy contained in buildings contributes 10-20% [47]. The supply of renewable energy for residential
buildings is key to building operations which aim to improving facilities. It is simultaneously a
challenge for designers to ensure that their design includes energy savings during the operational
period [48]. For example, the energy needed to create comfort in a room with a hot climates will require
the use of a substantial electricity load, with associated environmental impacts [49]. To reduce energy
use and its impact on the environment, Oti et al. [27] used BMS for analysis using BIM. This is useful
as a comparison of performance that can be anticipated at the design stage and information sharing
during the building life cycle. However, Ghaffarian-Hoseini et al. [50] highlighted the constraints of
utilizing this knowledge-based platform, namely cost constraints and weaknesses in automation.

5.3. Process of Design Collaboration

This factor is the third factor in the application of performance-based building design with a
variance of 15.03%. This factor consists of the attributes of the involvement of other design consultants
and building operations. Performance-based building design requires designer collaboration in the
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process. Recently, collaboration has increased because of the support of design tools to help designers
share information and knowledge [51] and help each other in decision making [28]. The availability
of software allows multidisciplinary designers to work together in managing information related
to building products. However, in a complex project, many problems are not clearly defined and
are beyond the ability of each individual to understand, meaning that such problems can only be
overcome by a group of people with various points of view that can provide the best solution [52].
Kalantari et al. [53] also highlights that these collaboration with facility managers who play a role in
managing aspects of building operations is important. The designer must understand the role of the
facility manager when applying the intended building use patterns [6]. Through good communication
between designers and facility managers, the final product will be able to operate as efficiently as
possible [54]. However, if the opposite happens, then only waste will result in higher operating costs,
decreased building performance and low satisfaction levels for building occupants [55].

5.4. Risk of Loss

This factor is the last factor with a variance value of 12.66%. This factor includes structural
safety and fire safety attributes. According to researchers, safety performance is divided into two
measures based on leading indicators: hazard identification [56] and based lagging indicators—that
is, mortality [57]. Hazards and mortality involve uncertainty regarding risk that occurs and is not
desirable because it results in losses [5]. Residential buildings with a dense population should be
designed and built in consideration of the appropriate structural characteristics. This is useful to
minimize the risk of a disaster that causes death. Thompson and Bank [58] divided risk factors related
to security and safety for occupants, including the risk of terrorist attacks, bomb threats, natural
disasters and catastrophic fires. This affects the level of anxiety of occupants in occupying tall buildings.
The three most critical building performance indicators highlighted in [59] were structural stability, fire
prevention and building-related diseases. Designers who design structurally strong buildings have
a good and reliable understanding of the risks to occupants’ lives and buildings and the economic
losses incurred due to natural disasters. This structural element is an important element in terms of
occupant safety that must be guarded and maintained. Designing performance-based buildings allows
the designer to create scenarios of occupant movements during the process, with the aim of protecting
occupants in the event of a disaster. Unfortunately, Mustafa [15] notes that the quality of buildings in
terms of building safety and security is still at a low level among occupants.

6. Conclusions

PBBD requires a strategic focus in terms of integration in building design in accordance with the
performance requirements. PBBD provides a way of thinking in the design process that is more oriented
to how the users/occupants work. Based on the scatter plot analysis, respondents agreed that all PBBD
factors were important. The study found four implementation factors of PBBD in high-rise residential
buildings: the first factor is the occupant’s interest, consisting of indoor air quality, visual comfort,
accessibility, acoustic comfort, building quality and ease of maintenance; the second factor is building
management, consisting of energy load, sustainability of building and business process; the third factor
is the process of design collaboration, consisting of the involvement of another design consultant and
building operations; and the last factor is the risk of loss, which consists of structural safety and fire
safety. Unfortunately, cost effectiveness is eliminated as an implementation factor. This result was also
found in a case study in China [25]. In any event, the approach of performance-based design needs
different attitudes and a different way of thinking about designing the building; this is related to what
must be done in terms of the building for the owner and the user.

The limitations of this study include the introduction stage of implementing PBBD. First, the PBBD
factors obtained are still in the form of basic information about building performance. There are
several variables that have not been considered, including spatial layout, size of space, esthetics, etc.
Second, respondents were involved only from a consultant design perspective. The result of this
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study not only has managerial implications for an urban residential design process that considers
the needs of users; there are also important implications in formulating the development of high-rise
housing policies, especially in Indonesia, through the application of PBBD. Future research is needed
to measure the success of the model of PBBD and to integrate PBBD into BIM (building information
modeling) interoperability.
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