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Developing a building-performance evaluation framework for post-disaster
reconstruction: the case of hospital buildings in Aceh, Indonesia

Aulina Adamya and Abu Hassan Abu Bakarb

aSchool of Public Health, University of Muhammadiyah Aceh, Aceh, Indonesia; bSchool of Housing, Building and Planning, University
of Science Malaysia, Penang, Malaysia

ABSTRACT
Developing countries have faced many problems regarding humanitarian reconstructed build-
ings, especially during occupancy when most donors have left. Hospitals are some of the most
important buildings in the disaster-management cycle. Previous studies have shown that there
is no specific tool for evaluating post-disaster hospital-building performance. This study aims to
test the validity and reliability of a proposed framework of building-performance evaluation
(BPE) in a disaster context for public hospitals based on partial least squares (PLS) analysis. The
researcher distributed 405 questionnaires to building users in four rebuilt public hospitals in
Aceh, Indonesia. The results showed that the hierarchical construct model (HCM) with reflective-
reflective relationships and third-order framework comprises 16 criteria; 72 items were valid and
reliable, and all path coefficients were considered highly significant. These results reflect the
degree of explained variance of third-order in its second-order components: built environment
and building user (89%), building system (93%), and disaster-risk management/DRM (85%). DRM
as the new variable added to the BPE conceptual model for a post-disaster reconstruction (PDR)
context is justified. The confirmed framework can be used to evaluate post-disaster hospital per-
formance in the future. The BPE framework should also be tested in other types of post-disas-
ter hospitals.

Abbreviations: AEDET: Achieving Excellence Design Evaluation Toolkit; AVE: average variance
extracted; BPE: building-performance evaluation; BRR NAD-Nias: Reconstruction and
Rehabilitation Bureau for the Nanggroe; Aceh: Darussalam and Nias Islands; CR: capability ratio;
CRCs: Citizen Report Cards; CSFs: critical success factors; DRM: disaster-risk management; FEMA:
The Federal Emergency Management Agency; GTZ: The German Organisation for Technical
Cooperation; HCM: hierarchical construct model; PDR: post-disaster reconstruction; PLS: partial
least squares; POE: post-occupancy evaluation; SEM: structural equation modelling; TEC: Tsunami
Evaluation Coalition; UNCHS: The United Nations Centre for Human Settlements
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Building performance
evaluation (BPE); post-
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Introduction

There are many cases in which building users are
unable to maintain and operate newly-rebuilt build-
ings that are the product of aid reconstruction proj-
ects (Kirkpatrick 1991; Jha et al. 2010; The Aceh
Institute 2010). One example is the case from post-
tsunami reconstruction in the Aceh province in
Indonesia (Adamy and Abu Bakar 2011; Government
of Aceh 2011). Based on the Aceh government’s asset
inventory report (Transition Sector 2009), there have
been some issues related to reconstruction building,
namely: administration problems faced by the local
government, when not all the reconstructed assets
were handed over (Adamy 2009; The Aceh Institute
2010); lack of budget for operation and maintenance

(Hayat and Amaratunga 2014); unused assets
(Bambang and Firdaus 2006); and lack of human cap-
acity to maintain and operate these assets.

Tsunami Evaluation Coalition (TEC) explained
that quality continues to be an issue in humanitarian
projects, due to the fact that model quality control-
driven in normal business by its costumers does not
operate in the aid sector (Telford et al. 2006).
Building performance evaluation (BPE), as one
quality-control tool, has been proven, and used, for
many years in many countries for commercial-
business oriented projects (Preiser and Vischer 2005;
Leaman et al. 2010; Shauna et al. 2012). Bordass et al.
(2001) stated that one of the main drivers in building
performance in the industry is commercial competi-
tiveness: seeking to reduce costs in use and adding
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value through increased productivity. However, the
business and the humanitarian sectors are two differ-
ent entities. Humanitarian projects are non-profit ori-
ented, with the aim of producing a unique product
for a certain duration and of elevating the living con-
ditions of people (Moe and Pathranarakul 2006).

This study aims to fill the gap of BPE as a business-
driven tool, making it applicable in the humanitarian
sector by developing a BPE framework in a post-disas-
ter reconstruction (PRD) context and by assessing the
validity and reliability of the proposed framework.
According to Hair et al. (2012), reliability and validity
assessment play a vital role in outer model assessment.
This study categorizes the proposed framework as the
hierarchical construct model (HCM), and it methodo-
logically confirms that partial least-squares (PLS) path
modelling can be used to estimate the parameter of a
higher-order construct (Akter et al. 2010).

Post-tsunami reconstruction in Aceh, Indonesia

A deadly 9.0 magnitude earthquake struck the prov-
ince of Aceh on the island of Sumatra in Indonesia
on Sunday morning, 26 December 2004. It triggered a
tsunami that quickly affected not only the areas in
Aceh, but also some offshore areas in Malaysia,
Myanmar and Thailand (Asian Development Bank
2005). The giant wave further extended to
Bangladesh, India, the Maldives and Sri Lanka on the
Asian continent, and even to Kenya, Somalia and
Tanzania in Africa (Figure 1) (Shaw 2006). The
unprecedented scale of the disaster of, and the
humanitarian response from around the world for,
the Indian Ocean tsunami of 2004 was a turning
point in the history of PRD (Lyons and Boano 2010).
With projects and programs worth US$7.7 billion
allocated by almost 500 organizations, it became the
largest reconstruction project in the developing world
(Takahashi et al. 2007), Aceh’s post-reconstruction

experience may provide useful lessons (Masyrafah and
McKeon 2008).

In response to the disaster, the central government
of Indonesia formed a Reconstruction and
Rehabilitation Bureau for the Nanggroe Aceh
Darussalam and Nias Islands (BRR NAD-Nias) on 14
April 2005, to lead and coordinate both processes of
post-disaster rehabilitation and reconstruction (BRR
NAD-Nias 2009). The center is located in Banda
Aceh (the capital city of the Aceh province), with
another office on Nias Island and a representative
office in Jakarta (Resosudarmo and Nazara 2007). The
government receives US$2.6 billion funds and grants
from international donations. The bureau was catego-
rized as state expenditure income budget (BRR NAD-
Nias 2008). The entire on-budget funds were imple-
mented directly by the BRR NAD-Nias, and the proj-
ects were supposed to be finished by April 2009.

Hospital reconstruction in Aceh, Indonesia

According to the World Bank (Jha et al. 2010) and
the Federal Emergency Management Agency (FEMA
2007), of all types of public buildings and facilities,
hospitals are considered one of the essential assets in
disaster management. As one of the poorest provinces
in Indonesia (Evans 2010), and because of the long-
term socio-political conflict (Soesastro and Atje 2005;

Figure 1. Countries affected by the Tsunami 2004 (source: Telford et al. 2006).

Table 1. The effects of the earthquake and Tsunami on
health facilities in Aceh.
Health facilities Destroyed Damage

Hospitals 32 9
Local health clinics 259 64
Assisting local health clinics 830 174
POLINDES (village polyclinic) 2.283 700
Village polyclinics 21 5
Office of health services 4 1
Medical laboratories 3 3
Offices of harbour health 3 1

Source: Wibisana and Bitai (2009).
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Reid 2006), health facilities in Aceh before the tsu-
nami were far from adequate (BRR NAD-Nias 2009).
Table 1 shows the number of health infrastructure
and facilities in Aceh that was destroyed by the earth-
quake and tsunami in 2004.

After a four-year reconstruction period, the gov-
ernment and aid agencies were able to repair and
build 276 local assisting health clinics, 211 local health
clinics, and 395 village polyclinics and were able to
revitalize 28 hospitals, all across Aceh (BRR NAD-
Nias 2009). This reconstruction far exceeds the num-
ber of hospitals and health services damaged by the
earthquakes and tsunami (Dinas Kesehatan Provinsi
NAD 2006; Wibisana and Bitai 2009). Such a fact
means that health facilities before the disasters were
in a state of neglect, and that the need for health
facilities substantially increased in the aftermath.

This study focuses on hospitals that were completely
rebuilt, not just rehabilitated or renovated. In the case of
post-tsunami reconstruction in Aceh, only four public
hospitals with the same grade C fell into this category:
Meuraxa Hospital, in Banda Aceh city; Aceh Jaya
Hospital, in the Aceh Jaya regency; Nagan Raya
Hospital, in the Nagan Raya regency; and Teuku Peukan
Hospital, in the Aceh Barat Daya regency (see Figure 2).

Building performance evaluation (BPE)

BPE is defined as the process of systematically com-
paring the actual performance of buildings, places,

and systems to explicitly-documented criteria of their
expected performance (Preiser and Schramm 1998;
Preiser and Vischer 2005; Shauna et al. 2012). Preiser
and Vischer (2005) stated that BPE offers a broad and
adaptable framework for professionals affiliated with
the building industry at all levels, and has been pro-
ven as a universal evaluation concept and tool. It
focuses on finding ways to implement a user-oriented,
cost-effective and high-quality approach to produce
all types of buildings. Originally, three dimension sys-
tems were interpreted with three visible variables that
affected building performance: the performance or
building system variable, the user or occupant vari-
able and the built environment variable (Preiser and
Vischer 2005). In 2005, Preiser and Vischer (2005)
added a fourth, invisible variable: contextual.

Theoretical framework for post-disaster
reconstruction BPE

BPE has gained credibility through a considerable
amount of research and projects in the public and
private sector. However, it is still rarely practiced in
developing countries (Adewunmi et al. 2011), even
though these are the ones who suffer more when dis-
asters strike (Ofori 2001; Shafique and Warren 2016).
While Thampi (2005) recommended Citizen Report
Cards (CRCs) to evaluate public services, this study
recommends BPE to evaluate reconstruction projects.
In the humanitarian sector, the usually preferred

Figure 2. Map of Aceh province showing the location of four districts included in this study (source: adapted from http://en.wiki
pedia.org/wiki/File:Aceh_Regencies.png).
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approach in evaluating aid effectiveness is to:
(1) define the objective, (2) establish measurable
performance indicators and (3) evaluate aid that is
effective against the agreed indicators (Jayasuriya and
McCawley 2010). As this approach is similar to the
BPE concept (Preiser and Vischer 2005), it indicates
that BPE can be applied in aid sectors as well. Haigh
and Amaratunga (2010) stated that we should con-
sider the nature and extent of the built environment
‘discipline’ and its potential contribution to the devel-
opment of society’s resilience to disaster.

Disaster management can be defined as the range
of activities designed to maintain control over disaster
and emergency situations, and to provide a frame-
work for helping those who are at risk to avoid or
recover from the impact of the disaster (Kelly 1996).
Disaster risk management (DRM) is a series of
actions (programs, projects and measures) and instru-
ments expressly aimed both at reducing disaster risk
in endangered regions and at mitigating the extent of
disasters (GTZ 2002). The term DRM is used when
referring to legal, institutional, and policy frameworks
and administrative mechanisms and procedures
related to the management of both risk (ex-ante) and
disasters (ex-post) (UNCHS 2001). Assessing PDR
building on disaster risk is part of disaster manage-
ment. Therefore, DRM should arguably be included
in BPE, since every stage of the building cycle can
apply DRM, which also reflects the disaster timeline
(Figure 3).

Because every reconstruction is unique, decisions
in managing reconstruction are influenced by many
factors, including the nature and magnitude of the
disaster, the country and institutional context, the
level of urbanization and the culture’s (Jha et al.
2010). In this study, the researcher classified the BPE

for post-disaster projects following the nature of the
scope of study, as shown in Figure 4.

The proposed theoretical framework establishes
five variables that, when applied to this study, are
represented by:

1. Built environment variable – post-occupancy
evaluation (POE), as this study conducted BPE
during the occupancy period.
This variable includes the aspects of workstations,
rooms, buildings and entire complexes of facili-
ties. It falls under the architectural system level as
part of the supply dimension as well. The driving
force behind this programme is to do something
visually stunning, inventive or playful, to stand
out in some way from contemporary buildings
(Becker 1990).

2. Building system level variable – The local build-
ing regulations, as this study was conducted in
the Aceh province in Indonesia.
The performance variable is part of the supply
dimension. The criteria under this variable are tech-
nical (health, safety and security), functional (func-
tionality, efficiency and work flow), and behavioural
(social, psychological and cultural) (Preiser and
Vischer 2005). According to Becker (1990), oper-
ational cost, energy efficiency, service ability and
flexibility compelled the programme’s start.

3. User variable – As this study focuses on hospitals,
the user scope is patients, visitors or hospital
staff.
This variable includes individuals, groups and
organizational aspects. The user variable is cate-
gorized as the human system level, which is the
demand dimension. Comfort, human dignity and
the enhancement of personal and professional

Figure 3. Post-disaster reconstruction BPE theoretical framework (adapted from Preiser and Vischer (2005)).
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identity are the principal criteria in this pro-
gramme, according to Becker (1990).

4. Disaster risk management variable – The
researcher conducted this study on hospital build-
ings constructed during PDR.
DRM is a series of actions (programs, projects and
measures) and instruments expressly aimed at
reducing disaster risk in endangered regions, and
mitigating the extent of disasters (GTZ 2002).

5. Contextual (invisible) variable – this study should
be considered in a local context as conducted in
the Aceh province, Indonesia.
According to da Silva (2010), understanding the
local context in terms of geography, society, eco-
nomics, politics, climate and hazards is a key
consideration in developing an appropriate strat-
egy for recovery and reconstruction. This fifth
variable is the process-driven overarching cat-
egory at the global or ‘meta’ level of context-
related aspects (Preiser and Vischer 2005).

The built environment variable is represented by
POE stage in the building evaluation life cycle, while
user in the hospital building type represents user
building variable. Many studies have developed litera-
ture of POE specifically for hospital-type buildings
(Institute of Medicine 1999; Dorasol et al. 2012).
Therefore, in this study, the two variables are com-
piled together as POE for hospital buildings. A

conceptual framework is important for conducting
further studies in the relevant knowledge bases, as it
lays the foundation for the development of a theoret-
ical base for the field (Haigh and Amaratunga 2010).
Without such a framework, it is virtually impossible
to codify existing knowledge in the field in a coherent
manner (Amaratunga and Baldry 2003).

The criteria for PDR building performance

In a building performance evaluation perspective, a cri-
terion or indicator is a parameter or value derived from
the parameter that describes the state of a building and
its impact on human beings and the ecosystem (Parida
and Kumar 2006). Historically, separate performance
indicators and benchmarks have been developed for a
host of specific building characteristics, to serve the
needs of relevant interest groups (Cole 1998). These
days, there are several sources of performance indica-
tors, and each has its use depending on the aspects of
the building that is being evaluated (Douglas 1996).

For each setting and user group, specific quality-per-
formance criteria need to be established (Preiser and
Vischer 2005). The performance evaluation framework
for BPE systematically relates buildings and settings to
users and their environmental needs (Preiser et al.
2017). The next table shows the list of criteria under
each variable based on the framework. There are 16 cri-
teria and 72 items that measure four variables in the

Figure 4. Interpretation of the post-disaster BPE framework with the scope of this study.
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framework of BPE for PDR hospital buildings. These
items and list of criteria are the basis for questionnaire
development for the survey study (see Appendix D).

As explained earlier, DRM is the new variable added
to the original BPE framework. Hence, there are five
criteria under DRM: Sustainability (Potangaroa 2015;
Lowe et al. 2017), operation and maintenance guide-
lines (Myeda et al. 2011), disaster resilience (Lavy et al.
2010; MacAskill and Guthrie 2015), functionality
(FEMA 2007; Preiser et al. 2017) and local institution
capacity (Jha et al. 2010; Arain 2015).

Research methodology

This study is categorized as a deductive approach,
which emphasizes deducing ideas or facts from new
theory, in the hope that it provides a better or more
coherent framework than the theories that preceded it
(Pathirage et al. 2008). The quantitative approach
relies on a survey method, with individual question-
naire distribution. The researcher individually distrib-
uted the questionnaires and went through a face-to-
face interview process. The sample units were individ-
uals who are building users. Kernohan et al. (1992)
stated that the people who really know about build-
ings in use are the people who use them; they are the
experts in what the buildings have to-and actually-do.
This study used probability sampling, a specifically
stratified random sampling method. Stratified random
sampling is one in which the population is divided
into subgroups, and a random sample is then selected
from each subgroup (Latham 2007). The respondent
in the hospital combined with two groups: staff and
non-staff (visitors and patients). Total number of staff
and patients are available in each hospital during data
collection. Whereas for visitors, the study used previ-
ous year of total number visitor as a prediction.
Sample size in each hospital from the two groups of
respondents was determined based on Krejcie and
Morgan (1970) , with a 0.05 confidence level.

The questionnaire is a representation of the con-
ceptual framework, which is comprised of three main
variables: the built environment-adopted from
Achieving Excellence Design Evaluation Toolkit
(AEDET) is an evolution concept and questionnaires
that have been used as health-care building evaluation
through post-occupation stage (AEDET 2003); the
building system variable-based on a summary of local
regulations and building codes in Aceh, Indonesia
(Appendix A); and disaster risk management
variables-based on several references (detail in
Table 2). The ordinal by Likert scale with five points

scale is adapted from AEDET and later convert to
continuous data which in this study. A five-point
Likert scale, ranging from 1 (strongly disagree) to 5
(strongly agree), was adopted to capture the perform-
ance of hospital buildings in Aceh. A mean score
method, with a 5-point scale to evaluate
‘performance’, is considered in construction industry
a common method (Baird 2009).

Due to its large population compared to the other
three hospitals, a small pilot survey was conducted at
Meuraxa hospital two weeks before the main study
was carried out. The respondents in the hospital filled
out the questionnaire and the researcher collected 20
responses for the pilot study. These come from the
top management level: director, deputy director and
all head-of-division positions related to building and
maintenance. There were some minor changes in
terms of the format and language correction (the
translation from English to Bahasa Indonesian).
Necessary changes were made based on the feedback.
The result of the reliability test, Cronbach’s alpha
showed the questionnaire to reach acceptable reliabil-
ity, a¼ 0.96 and the corrected item-total correlations
(homogeneity index) were greater than 0.40 in all
items (see Appendix B), suggesting that all criteria
have relatively high internal consistency. Meanwhile,
for the validity value, PLS path modelling can be used
to estimate the parameters of higher-order construct
and its association with outcome constructs (Akter
et al. 2010), which are discussed as follows.

The researcher distributed a total of 670 question-
naires to four hospitals (Table 3). 107 respondents
(48.6%) responded in Meuraxa Hospital, 90 respondents
(75%) responded in Aceh Jaya Hospital, 100 respondents
(67%) responded in Nagan Raya Hospital and 108
respondents (60%) responded in Teuku Peukan Hospital.
Overall, the response rate was 60%, or 405 respondents
(representing both groups). Non-staff respondents are
divided into 116 visitors (28.6%) and 104 patients
(25.7%). The rest of the respondents come from the hos-
pital staff group, with 185 respondents (45.7%).

Hierarchical construct model (HCM)

Hierarchical constructs, or multidimensional con-
structs, can be defined as constructs involving more
than one dimension (Edwards 2001; Jarvis et al.
2003). The researcher categorized the framework for
BPE into an HCM, which is for PDR hospital build-
ing, with a three order level as shown in Figure 5.
Most constructs in management research are multidi-
mensional (MacKenzie et al. 2005). The first-order
has 16 criteria (A to P), which are distributed under
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Table 2. List of Criteria for PDR hospital building performance.
Variables Criteria Description References

Built environment
and building users

A Building form
and material

Although it deals with the materials from
which the building is constructed, it is not
concerned with these in a technical sense,
but rather the way they will appear and
feel throughout the life of the building

Zimmerman and Martin (2001); AEDET (2003);
Preiser and Vischer (2005); FEMA (2007);
Lavy et al. (2010); Myeda et al. (2011)

B Building quality In terms of the technical performance of the
building during its lifetime. It asks whether
the components of the building are of high
quality and fit for purpose.

Zimmerman and Martin (2001); AEDET (2003);
FEMA (2007); Lavy et al. (2010); Myeda
et al. (2011)

C Engineering This criterion is concerned with those parts of
the building that are engineering systems
as opposed to the main architec-
tural features.

AEDET (2003); FEMA (2007); Lavy et al. (2010);
Myeda et al. (2011)

D Access This criterion is concerned as to whether peo-
ple can easily and efficiently get onto and
off the site using a variety of means of
transport and whether they can logically,
easily and safely get into and out of
the building.

Zimmerman and Martin (2001); AEDET (2003);
Preiser and Vischer (2005); FEMA (2007);
Lavy et al. (2010); Myeda et al. (2011)

E Staff and
patient
environment

This section deals with how well an environ-
ment complies with best practice.

AEDET (2003); Preiser and Vischer (2005);
FEMA (2007); Lavy et al. (2010)

Building system F Safety Includes requirements to support the capacity
building payload (weight alone, wind load,
earthquake stillborn), and building capacity
to prevent and deal with fire hazards, build-
ing and rescue lines, and the danger
of lightning.

Zimmerman and Martin (2001); Preiser and
Vischer (2005); FEMA (2007); Lavy et al.
(2010); Myeda et al. (2011) and Indonesia
regulations.a

G Health Includes system requirements temperature,
lighting, sanitation, and the use
of buildings.

Preiser and Vischer (2005); FEMA (2007); Lavy
et al. (2010) and Indonesia regulationsa

H Comfort Includes comfort space and the relationship
between space, air condition in the room,
the view, and the level of vibration and
noise level.

Zimmerman and Martin (2001); FEMA (2007);
Lavy et al. (2010); Myeda et al. (2011) and
Indonesia regulations.a

I Ease Covering eases of connection to, from, and
within the building, as well as the com-
pleteness of the utilization of infrastructure
and facilities in the building.

Preiser and Vischer (2005); FEMA (2007); Lavy
et al. (2010); Myeda et al. (2011) and
Indonesia regulations.a

J Control envir-
onmental
impact

Buildings that produce significant impacts
must be preceded by including on environ-
mental impact assessment.

Konara and Sandanayake (2010); Lavy et al.
(2010) and Indonesia regulations.a

K Architecture Covers performance requirements of the build-
ing; the spatial requirements, the require-
ments of the building layout that considers
the balance, and the harmony of the build-
ing and its environment,

Preiser and Vischer (2005); FEMA (2007); Lavy
et al. (2010); Myeda et al. (2011) and
Indonesia regulations.a

Disaster
risk management

L Sustainability How bad or good a building is in relation to
sustainability. It predicates decisions of
building performance in order to make it
sustainable.

Preiser and Vischer (2005); Jha et al. (2010);
Konara and Sandanayake (2010); Lavy et al.
(2010); Green Building Council Indonesia
(2012); Potangaroa (2015)

M Operation and
maintenance
guidelines

Statutory regulations and codes which make
facility managers take preventive actions of
and keep and restore or improve
every facility.

FEMA (2007); Jha et al. (2010); Myeda
et al. (2011)

N Disaster
resilience

Elements considered with possibilities to min-
imize vulnerabilities and disaster risks
throughout a society, to avoid or to limit
the adverse impacts of hazards, within the
broad context of sustainable development.

FEMA (2007); Jha et al. (2010); Lavy et al.
(2010); Myeda et al. (2011)

O Functionality In terms of being suitable for a particular use
or function. The building’s overall ability to
perform a regular function designed or
developed chiefly from the point of view
of use.

Preiser and Vischer (2005); FEMA (2007); Jha
et al. (2010); Lavy et al. (2010); Myeda
et al. (2011)

P Local institu-
tion capacity

In terms of the capacity to solve problems. In
the agencies that will take over the man-
agement of new facilities, training, staffing,
and other institutional strengthening needs
which should be identified and funded.

FEMA (2007); Jha et al. (2010)

aFor the list of Indonesian regulations please refer to Appendix A.
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second-order where there are four main variables:
built environment, building user, building system and
DRM. The researcher listed the main variables as the
‘post-disaster building performance’ variable, which
he then categorized as third-order.

The measurement approach uses reflective meas-
urement, since this study explores indicators from
each construct and has no predictive relationship. The
role of the 16 criteria is to measure four variables or
to measure PDR building performance; its role is not
to predict causes. Reflective indicators can be viewed
as a representative sample of all the possible items
available within the conceptual domain of the con-
struct (Hair et al. 2013). Any single item can generally
be left out without changing the meaning of the con-
struct, as long as the construct has sufficient reliability
(Martinez-Ruiz and Aluja-Banet 2009).

Partial least squares (PLS) path
modelling analysis

Generally, HCM uses latent variables and can be esti-
mated using structural equation modelling (SEM). Both

covariance-based SEM and component-based SEM can
be employed to estimate the parameters in a hierarchical
model (Wetzels et al. 2009). However, covariance-based
SEM has various constraints regarding distributional
properties (multivariate normality), the measurement
level, sample size, model complexity, identification and
factor indeterminacy (Fornell and Bookstein 1982; Chin
1998). These limitations might be avoided entirely with
the use of component-based SEM or PLS path model-
ling. Chin and Newsted (1999) observed that PLS path
modelling is generally more suitable where the model is
relatively complex (i.e. a large number of the manifest
and latent variables).

Before conducting the PLS path modelling analysis,
the researcher assessed the data using distributional
properties of manifest variables in IBM SPSS software
version 20 (IBM SPSS Statistics, Armonk, NY).
Kolmogorov–Smirnov statistics show that each latent
variable was less than 0.5, which demonstrates that the
assumption of multivariate normality was violated
(Pallant 2005). Moreover, the skewness and kurtosis
value were negatively distributed. However, PLS path
modelling has a less strict distributional assumption

Figure 5. Post-disaster BPE framework for hospital building in Aceh.

Table 3. Questionnaire distribution.
Meuraxa hospital Aceh Jaya hospital Nagan Raya hospital Teuku Peukan hospital Total

Respondents 452 147 193 271 1063
Sent 220 120 150 180 670
Reply 110 92 101 109 412
Usable 107 90 100 108 405
Response rate (%) 48.6 75 67 60 60
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(i.e. does not satisfy the assumption of normality, large
sample size and independence) (Chin 1998; Chin and
Newsted 1999); therefore, it can cope with non-normal-
ity distributed data and multicollinearity between indi-
cators (van Beuningen and Schmeets 2013).

This study used PLS path modelling version 2.0
(SmartPLS GmbH City: Boenningstedt, Germany) to
construct the reflective HCM, using the three key
steps outlined in Table 4. The last box in Table 4

indicates the final HCM after constructing the latent
variables, by repeating the manifest variables.

Results

This study specified a null model for the first-order
latent variables in order to assess the psychometric
properties of the measurements, which included non-
structural relationships. Table 5 shows that all items

Table 4. Specifying hierarchical latent variables for post-disaster BPE using PLS.
The figure shows the first-order latent varia-

bles (A until P) where in the figure shows
only example from variable L and M and
related to their respective block of mani-
fest variables (e.g. L1 – L5 or M1 – M3)
using reflective relationship.

L P

L1 L2 L3 L4 L5 P1 P2 P3 

The figure shows the second–order variables
(Impact until Disaster Risk Reduction)
where in the figure shows only example
from variable Sustainable Development.
The second-order variables are related to
the block of the underlying first-order
latent variables using reflective relation-
ship. E.g. Sustainable Development vari-
able is measured by L1 – M3.

L

Disaster Risk 
Management 

L1 L2 L3 L4 L5 

P

P1 P2 P3 

L1 L2 L3 L4 L5 M1 M2 M3 

The figure shows the third–order variables
which is Post-disaster Building
Performances. The fourth-order variables
are related to the block of the underlying
third-order latent variables using reflective
relationship. Post-disaster Building
Performances variable is measured by A1
until P3.

Post-Disaster Building 
Performances   

Built 
Environment 

Disaster Risk 
Management 

Building 
System 

A1 L1 P3 E4 F1 K3 

A E F K L P

A1 A2 P2 P3 A3 P1 
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which had CR exceeded 0.80, the AVE of all measures
compellingly exceeded 0.50 and all items also had a
loading number higher than 0.70.

Moreover, the square root of the AVE exceeded
the inter-correlations of the construct with the other
constructs in the model (Appendix C). Table 6 shows
that the loadings of the first-order latent variables on
the second-order factors exceed 0.8. However, the
AVE values for the BPE variable in the third-order

were less than the cut-point of 0.5 (AVE¼ 0.4470).
Therefore, the researcher deleted all items with very
small loading numbers in the second and third
orders. As a result, the AVE values for BPE exceeded
0.5 (AVE¼ 0.5010). The elimination of items whose
factorial loading were below 0.5 improved the AVE of
the second- and third-order constructs (Bouaicha and
Bouri 2013). Reflective measures are expected to be
unidimensional, and if so, individual measures can be
removed to improve construct validity without affect-
ing content validity (Akter et al. 2010).

A non-parametric bootstrapping procedure was
used, with 200 replications and construct level change
pre-processing, to obtain the standard error and to cal-
culate the t-statistic for inferential purposes (Wetzels
et al. 2009). To assess the significance loadings, weights
and path coefficients, standard error and t-values, the
researcher computed the data by bootstrapping (200
samples; t-values >1.65 significant at the 0.05 level; t-
value >2 significant at the 0.01 level) (Martinez-Ruiz
and Aluja-Banet 2009). Table 7 shows the results of
bootstrapping, where all the path coefficients beta in
the model were considered to be highly significant
(p< .001). The researcher considers the measurement
model satisfactory with evidence of adequate reliability,
convergent validity and discriminant validity.

Discussion

In order to analyse the HCM holistically, this study
used the repeated-indicators approach (Wetzels et al.
2009; Akter et al. 2010) to estimate the higher-order
latent variables and to confirm adequate measurement
and structural properties for the proposed model by
using PLS-SEM estimation. In general, PLS-SEM stud-
ies should provide information on (1) population and
sample structure, (2) data distribution of the data, (3)
the conceptual model and (4) the statistical results, in
order to corroborate the subsequent interpretation
and conclusion (Chin 2010), which the researcher has
already discussed in the previous section.

Having deleted 14 items, the researcher considered
the measurement model satisfactory, with evidence of
adequate reliability, convergent validity and discrimin-
ant validity. The decision to delete 14 items is based
on the items with very small loading in the third and
second orders, together with rational analysis for not
deleting the criteria. Some deleted items are D3, D4,
D5, D6 and D7 (under Access). Other omitted items
include A5 (under Building Form and Material), B4
(under Building Quality), M1, M2 and M3
(under Operational and Maintenance Guidelines).

Table 5. Psychometric properties for first-order constructs.
Building Performance Criteria Items Loading AVE CR

A Building Form & Material A 1 0.815 0.694 0.901
A 2 0.779
A 3 0.878
A 4 0.855

B Building Quality B 1 0.737 0.723 0.886
B 2 0.896
B 3 0.907

C Engineering C 1 0.859 0.716 0.910
C 2 0.831
C 3 0.850
C 4 0.841

D Access D 1 0.831 0.705 0.827
D 2 0.848

E Staff & Patient Environment E 1 0.824 0.648 0.936
E 2 0.776
E 3 0.830
E 4 0.812
E 5 0.844
E 6 0.807
E 7 0.748
E 8 0.788

F Safety F 1 0.810 0.706 0.923
F 2 0.889
F 3 0.889
F 4 0.830
F 5 0.775

G Health G 1 0.799 0.638 0.876
G 2 0.790
G 3 0.810
G 4 0.795

H Comfort H 1 0.857 0.711 0.880
H 2 0.862
H 3 0.807

I Easiness I 1 0.887 0.769 0.909
I 2 0.915
I 3 0.826

J Control Environment Impact J 1 0.877 0.778 0.913
J 2 0.879
J 3 0.888

K Architecture K 1 0.866 0.736 0.918
K 2 0.887
K 3 0.848
K 4 0.828

L Sustainability L 1 0.892 0.773 0.932
L 2 0.891
L 3 0.869
L 4 0.864

N Disaster Resilience N 1 0.863 0.762 0.906
N 2 0.859
N 3 0.895

O Functionality O 1 0.824 0.759 0.9401
O 2 0.854
O 3 0.844
O 4 0.920
O 5 0.906

P Local Institution Capacity P 1 0.921 0.850 0.944
P 2 0.939
P 3 0.904
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Additionally, the researcher also deleted C5 (under
Engineering), H4 (under Comfort), O6 (under
Functionality) and L5 (under sustainability). In
reflective relationship constructs, all indicators in the
model share a common theme, and thus dropping
indicators should not alter the conceptual domain of
the construct (Hair et al. 2013).

According to Akter et al. (2010), the variance of
the second-order constructs is reflected in its corre-
sponding first-order construct. In addition, second-
order components, including built environment and
building user (89%), building system (93%), and
DRM (85%), reflect the degree of explained variance
of the third-order post-disaster building performance.
The results from bootstrapping show that all the path
coefficients in the model are considered highly signifi-
cant (p< .001). Therefore, a significant reflective rela-
tionship and three order levels of HCM justifies

DRM, the additional variable in the BPE theoretical
model for post-disaster context.

As stated by Haigh and Amaratunga (2010), if
researchers and practitioners can contribute to an
inter-disciplinary strategy for disaster risk reduction
through buildings, spaces, and places, then it is import-
ant that experts develop a suitable conceptual frame-
work that explores the interaction between the built
environment, its disciplines, and the disaster manage-
ment process. Statistically, this study offers a holistic
estimation of building performance in the context of
PDR, through interaction among the hospital building
environment, the post-occupancy phase, the building
users, the local context, and the disaster paradigm.

The reconstruction process should be considered a
developmental opportunity and should open the door to
different types of innovative solutions (Shaw 2006).
Proposing BPE as an evaluation system in PDR hospital

Table 6. Reliability of higher order construct.
Construct Loading AVE CR

Second-Order Built Environment &
Building User

Building Form Material 0.908 0.550 0.962
Building Quality 0.873
Engineering 0.877
Access 0.509
Staff & Patient Environment 0.953

Building System Safety 0.913 0.525 0.960
Health 0.876
Comfort 0.852
Easiness 0.818
Control Environment Impact 0.852

Architecture 0.822
DRM Sustainability 0.911 0.627 0.962

Disaster Resilience 0.878
Functionality 0.893
Local Capacity 0.898

Third-Order BPE Built Environment 0.942 0.501 0.983
Building System 0.965
DRM 0.924

Table 7. Path coefficient, standard error, and t-values.
Path Beta SE t statistic

BPE -> Building System (0.931) 0.965 0.004 224.406���
BPE -> Built Environment& User (0.888) 0.942 0.007 128.485���
BPE -> DRM (0.854) 0.923 0.010 93.442���
Building System -> Architecture 0.821 0.018 45.625���
Building System -> Comfort 0.852 0.017 51.742���
Building System -> Control Environment Impact 0.824 0.017 48.963���
Building System -> Easiness 0.817 0.020 41.906���
Building System -> Health 0.876 0.013 66.125���
Building System -> Safety 0.913 0.009 107.523���
Built Environment& User -> Access 0.713 0.026 27.832���
Built Environment& User -> Building Quality 0.872 0.012 73.112���
Built Environment& User -> Building Form & Material 0.907 0.011 85.498���
Built Environment& User -> Engineering 0.877 0.015 59.628���
Built Environment& User -> Staff & Patient Environment 0.953 0.005 179.034���
DRM -> Disaster Resilience 0.878 0.014 62.045���
DRM -> Functionality 0.893 0.013 69.740���
DRM -> Local Capacity 0.898 0.011 79.673���
DRM -> Sustainable 0.911 0.010 89.818���
���p< .001.
n.s.: not significant; SE: standard error
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buildings not only leads to vulnerability reduction but
also enhances human security in the long term. Ismail
et al. (2014) listed ‘continuous assessment and evaluation
(performance measurement)’ as one of the 18 critical suc-
cess factors (CSFs) for PDR. This is important, as many
of the disaster management programs have failed to sus-
tain at the local level after completing the project
(Arain 2015).

The main challenge is lack of interest in conducting
BPE. It is still mostly applied only in industrialized
countries, as stated previously. Another challenge in
Indonesia concerns the cost, where poor maintenance
budget allocation and distribution exist (Hayat and
Amaratunga 2014). Practically, individuals can apply
BPE as part of a maintenance process that specifically
focuses on post-occupancy evaluation (Preiser et al.
2017). Nevertheless, in Indonesia this lack is slowly
being rectified, as stated by the maintenance regulation
for the contractor that is considered compulsory for up
to 10 years after the final handover (President 2017).
Whether this regulation is also applied in PDR practice
is also a challenge. As stated by MacAskill and Guthrie
(2015) from the experienced of PDR in Christchurch,
New Zealand, the process of introducing resilience into
the infrastructure network is affected by who is prepared
(and able) to pay for it, an issue that can result in
lengthy negotiations. Therefore, disaster-affected com-
munities should ideally be involved and supported by
the joint strategy of government and humanitarian
agencies (Abulnour 2014), to ensure that PDR really
applies BPE, as well as a consensus of cost implication.

Conclusion

The new confirmed framework ‘PDR building per-
formance evaluation’ is part of an inter-disciplinary
strategy in built environment knowledge to contribute
to disaster risk management practice. Theoretically,
the research contribution added a new variable of
DRM into the BPE conceptual framework. DRM is
recommended to be included in the BPE conceptual
model in future study, if the aim is to evaluate PDR
buildings in any stage of the building life cycle and
not only in the post-occupancy phase.

This study has identified the most important criteria
for evaluating PDR hospital building performance. By
including the key criteria, the BPE tool specific to post-
disaster hospital reconstruction (which may be used as
built-in-assessment tool in the PDR process) can be hol-
istically used to assess, diagnose and enhance hospital
building performance in a disaster resilience context.

There are at least three practical benefits related to
BPE contribution to disaster context in this study: as a
design aid, for improving building procurement for the
future in PDR; as a management aid, a feedback
method in relation to organizational efficiency for
maintenance and operation; and as a benchmarking
aid, in the transition to sustainable production and
consumption of the built environment. Additionally, it
serves as resilience building in disaster management.

The limitation of this study is that it is only applic-
able to hospital buildings, as the study size would have
been too large if it aimed at simultaneously testing all
types of public buildings. For the same reason, this
study only applies the model in the case of post-tsunami
reconstruction in Aceh, Indonesia. Therefore, studies of
other types of buildings in other developing countries
can apply the proposed model in the future. Eventually,
the goal is to not only gain a general conclusion, but
also to have a benchmark in PDR buildings for guid-
ance in disaster management procurement.

Disclosure statement

No potential conflict of interest was reported by
the authors.

Funding

The authors would like to thank Universiti Sains Malaysia
(USM) for their financial support for this study through
the post-graduate fellowship scheme from 2010 to 2012.

ORCID

Aulina Adamy http://orcid.org/0000-0002-1138-3831

References

Abulnour AH. 2014. The post-disaster temporary dwelling:
fundamentals of provision, design and construction.
Hous Build Natl Res Cent. 10(1):10–24.

Adamy A. 2009. BRR, nilai proyek dan evaluasi. Rehab
rekon. Online article ed. Banda Aceh: The Aceh Institute.

Adamy A, Abu Bakar AH. 2011. Asset evaluation for post-
disaster project built by central government in Banda
Aceh Indonesia. Asian J Environ Disast Manage.
03(04):405–423.

Adewunmi Y, Omirin M, Famuyiwa F, Farinloye O. 2011.
Post-occupancy evaluation of postgraduate hostel facili-
ties. Facilities. 29(3–4):149–168.

AEDET. 2003. Achieving excellence design evaluation.
London (UK): Department of Health.

Akter S, D’Ambra J, Ray P. 2010. Service quality of health:
development and validation of a hierarchical model using
PLS. Electron Market. 20(3–4):209–227.

12 A. ADAMY AND A. ABUBAKAR



Amaratunga D, Baldry D. 2003. A conceptual framework to
measure facilities management performance. Proper
Manage. 21(2):171–189.

Arain F. 2015. Knowledge-based approach for sustainable
disaster management: empowering emergency response
management team. Proc Eng. 118:232–239.

Asian Development Bank. 2005. An initial assessment of
the impact of the earthquake and tsunami of December
26, 2004 on south and Southeast Asia. Philippines,
Manila.

Baird G. 2009. Incorporating user performance criteria into
building sustainability rating tools (BSRTs) for buildings
in operation. Sustainability. 1(4):1069–1086.

Bambang, Firdaus. 2006. Budget tracking: Aceh rehabilita-
tion and reconstruction. In: Foundation T, editor. Banda
Aceh, Indonesia: GERAK Aceh.

Becker F. 1990. The total workplace. New York (NY): Van
Nostrand Reinhold.

Bordass B, Leaman A, Ruyssevelt P. 2001. Assessing build-
ing performance in use 5: conclusions and implications.
Build Res Inform. 29(2):144–157.

Bouaicha R, Bouri A. 2013. Modeling the quality of external
audit: emperical validation in the Tunisian context. J
Emerg Trend Econ Manage Sci. 4(2):233–242.

BRR NAD-Nias. 2008. Asset management and administer-
ing results for rehabilitation and reconstruction (on-
budget). Center for accounting and asset management.
Banda Aceh, Indonesia: BRR NAD-Nias.

BRR NAD-Nias. 2009. Education, health, women empower-
ment: preparing quality generation. Banda Aceh,
Indonesia: BRR NAD-Nias.

Chin WW. 1998. The partial least squares approach to
structural equation modeling. In: Marcoulides GA, edi-
tor. Modern business research methods. Mahwah (NJ):
Lawrence Erlbaum Associates.

Chin WW. 2010. How to write up and report PLS analyses.
In: Vinci VE, Chin WW, Henseler J, editors. Modern
methods for business research. Mahwah (NJ): Lawrence
Erlbaum Asscociates.

Chin WW, Newsted PR. 1999. Structural equation modeling
analysis with small samples using partial least squares. In:
Hoyle R, editor. Statical strategies for small sample research.
Thousand Oaks (CA): Sage Publications; p. 307–341.

Cole RJ. 1998. Emerging trend in building environmental
assessment methods. Build Res Inform. 26(1):3–16.

da Silva J. 2010. Lessons from Aceh: key considerations in
post-disaster reconstruction. Warwickshire (UK): Practical
Action Publishing.

Dinas Kesehatan Provinsi NAD. 2006. Profil kesehatan
provinsi nangroe aceh darussalam 2005. Banda Aceh.

Dorasol N, Sarrazin I, Hakim A, Hamadan N, Nik Lah
NMI. 2012. POE Performance criteria and parameters
for hospital building in Malaysia. 3rd International
Conference on Business and Economic Research, Golden
Flower Hotel; 12–13 March; Bandung, Indonesia.

Douglas J. 1996. Building performance and its relevance to
facilities management. Facilities. 14(3–4):23–32.

Edwards JR. 2001. Multidimensional constructs in organiza-
tional behavior research: an integrative analytical frame-
work. Organ Res Method. 4(2):144–192.

Evans H. 2010. Provincial human development report aceh
2010. Banda Aceh, Indonesia: UNDP – Indonesia: Dinas
Kesehatan Provinsi NAD.

FEMA. 2007. Design guide for improving hospital safety in
earthquake, floods, and high winds. Washington, DC:
Federal Emergency Management Agency.

Fornell C, Bookstein FL. 1982. Two structural equations
models: LISREL and PLS applied to costumer exit-voice
theory. J Market Res. 19(4):440–452.

Government of Aceh. 2011. The progress of rehab recon
and exit strategy after earthquake and tsunami. Banda
Aceh, Indonesia: Government of Aceh.

Green Building Council Indonesia. 2012. Greenship Rating
Tools. Jakarta: Green Building Council Indonesia.

GTZ. 2002. Disaster risk management. Eschborn, Germany:
GTZ.

Haigh R, Amaratunga D. 2010. An integrative review of the
built environment discipline’s role in the development of
society’s resilience to disasters. Int J Dis Res Built
Enviorn. 1(1):11–24.

Hair JF, Hilt TM, Tingle C, Sarstedt M. 2013. A primer on
partial least squares structural equation modeling (PLS-
SEM). Thousand Oaks (CA): Sage.

Hair JF, Sarstedt M, Ringle CM, Mena JA. 2012. An assess-
ment of the use of partial least sqaures structural equa-
tion modeling in marketing research. J Acad Mark Sci.
40(3):414–433.

Hayat E, Amaratunga D. 2014. The impact of the local pol-
itical and socio-economic condtition to the capacity of
the local governments in the maintenance of post-
disaster road infrastructure reconstruction assets. Proc
Econ Financ. 18:718–726.

Hulland J. 1999. Use of partial least squares (PLS) in stra-
tegic management research: a review of four recent stud-
ies. Strategic Management Journal. 20(2):195–204.

[IOM] Institute of Medicine. 1999. To err is human: build-
ing a safer health system. Washington (DC): National
Academy Press.

Ismail D, Majid TA, Roosli R, Samah NA. 2014. Project
management success for post-disaster reconstruction
projects: international NGOs perspectives. Proc Econ
Financ. 18:120–127.

Jarvis CB, MacKenzie SB, Podsakoff PM. 2003. A critical
review of construct indicators and measurement model
misspecification in marketing and consumer research. J
Consum Res. 30(2):199–218.

Jayasuriya S, McCawley P. 2010. The Asian tsunami. Aid and
reconstruction after a disaster. Tokyo, Japan: Edward Elgar
Publishing Ltd. and the Asian Development Bank Institute.

Jha AK, Barenstein JD, Phelps PM, Pittet D, Sena S. 2010. Safer
homes, stronger communities: a handbook for reconstructing
after natural disasters. Washington (DC): World Bank.

Kelly C. 1996. Limitations to the use of military resources for
foreign disaster assistance. Disast Prev Manage. 5(1):22–29.

Kernohan D, Gray J, Daish J, Joiner D. 1992. User partici-
pation in building design and anagement. Oxford:
Butterworth-Heinemann Ltd.

Kirkpatrick C, editor. 1991. Project rehabilitation in devel-
oping countries. London: Routledge.

Konara S. 2010. Building post occupancy evaluation frame-
work. Colombo, Sri Lanka: University of Colombo.

INTERNATIONAL JOURNAL OF CONSTRUCTION MANAGEMENT 13



Krejcie RV, Morgan DW. 1970. Determining Sample Size
for Research Activities. Educational and Psychological
Measurement. 30:607–610.

Latham B. 2007. Sampling: what is it? Quantitative research
methods. http://webpages.acs.ttu.edu/rlatham/Coursework/
5377(Quant))/Sampling_Methodology_Paper.pdf.

Lavy S, Garcia JA, Dixit MK. 2010. Establishment of KPIs
for facility performance measurement: review of litera-
ture. Facilities. 28(9–10):440–464.

Leaman A, Stevenson F, Bordass B. 2010. Building evalu-
ation: practice and principles. Build Res Inform.
38(5):564–577.

Lowe R, Chiu LF, Oreszczyn T. 2017. Socio-technical case
study method in building performance evaluation. Build
Res Inform. 1:16.

Lyons, Boano. 2010. Building back better: delivering people
centered housing reconstruction at scale. Rugby (UK):
Practical Action Publishing.

MacAskill K, Guthrie P. 2015. A hierarchy of measures for
infrastructure resilience - learning from post-disaster
reconstruction in Christchurch, New Zealand. Civil Eng
Environ Syst. 32(1–2):130–142.

MacKenzie SB, Podsakoff PM, Jarvis CB. 2005. The prob-
lem of measurement model misspecification in behav-
ioral and organizational research and some
recommended solutions. J Appl Psychol. 90(4):710–730.

Martinez-Ruiz A, Aluja-Banet T. 2009. Toward the defin-
ition of a structural equation model of patent value: PLS
path modeling with formative constructs. Revstat Stat J.
7(3):265–290.

Masyrafah H, McKeon JMJA. 2008. Post-tsunami aid effect-
iveness in Aceh: proliferation and coordination in recon-
struction. Washington (DC): Wolfensohn Center for
Development.

Moe TL, Pathranarakul P. 2006. An integrated approach to
natural disaster management, public project. Disast Prev
Manage. 15(3):396–413.

Myeda NE, Kamaruzzaman SN, Pitt M. 2011. Measuring
the performance of office buildings maintenance man-
agement in Malaysia. J Facil Manage. 9(3):181–199.

Ofori G. 2001. Construction in disaster management.
Singapore: National University of Singapore.

Pallant J. 2005. SPPS survival manual: a step by step guide
to data analysis using SPPS for windows version 12). 2nd
ed. Australia: Allen & Unwin.

Parida A, Kumar U. 2006. Maintenance performance meas-
urement (MPM): issues and challenges. J Qual
Maintenance Eng. 12(3):239–251.

Pathirage C, Haigh R, Amaratunga D, Baldry D. 2008.
Knowledge management practices in facilities organisa-
tions; a case study. J Facil Manage. 6(1):5–22.

Potangaroa R. 2015. Sustainability by design: the challenge
of shelter in post-disaster reconstruction. Proc Soc Behav
Sci. 179:212–221.

Preiser FE, Schramm U. 1998. Building performance evalu-
ation. Time-saver standards for architectural data. Berlin,
Germany: Springer; p. 233–238.

Preiser WFE, Hardy AE, Schramm U, editors. 2017.
Building performance evaluation: from delivery process
to life cycle phases. 2nd ed. Switzerland: Springer Nature.

Preiser WFE, Vischer JC, editors. 2005. Assessing building
performance. Oxford: Elsevier Butterworth-Heinemann.

President I. 2017. Laws of the republic Indonesia: construc-
tion service. No 2, Jakarta.

Reid A. 2006. Verandah of violence, the background to the
aceh problem. Singapore: Singapore University Press.

Resosudarmo B, Nazara S. 2007. Aceh-nias reconstruction
and rehabilitation: progress and challenges at the end of
2006. Chiyoda, Tokyo: Asian Development Bank Institute.

Shafique K, Warren CMJ. 2016. Stakeholders and their signifi-
cance in post natural disaster reconstruction projects: a sys-
tematic review on the literature. Asian Soc Sci. 12(10):1–17.

Shauna MH, Preiser WFE, Watson C, editors. 2012.
Enhancing building performance. New York (NY): John
Wiley and Sons.

Shaw R. 2006. Indian Ocean tsunami and aftermath. Need
for environment-disatser synergy in the reconstruction
process. Disast Prev Manage. 15(1):5–20.

Soesastro H, Atje R. 2005. Survey of recent developments.
Bull Indonesia Econ Stud. 41(1):5–34.

Takahashi M, Tanaka S, Kimura R, Umitsu M, Tabuchi R,
Kuroda T, Ando M, Kimata F. 2007. Restoration after
the Sumatra earthquake tsunami in Banda Aceh: based
on the results of interdisciplinary researches by Nagoya
University. J Nat Dis Sci. 29(2):53–61.

Telford J, Cosgrave J, Houghton R. 2006. Joint evaluation of
the international response to the Indian ocean tsunami:
synthesis report. London: Tsunami Evaluation Coalition.

Thampi 2005. Ensuring Effective Project Monitoring and
Evaluation. Curbing Corruption in Tsunami Relief
Operations: Jakarta, Indonesia.

The Aceh Institute. 2010. Post 2009 completion of recon-
struction work in Aceh. Banda Aceh, Indonesia: The Aceh
Institute.

Transition Sector. 2009. Inventory report asset rehabilita-
tion and reconstruction of Aceh. Banda Aceh, Indonesia:
Assistance Team for Aceh Governor.

UNCHS. 2001. Guidelines for the evaluation of post disas-
ter programmes: a resource guide. Nairobi, Kenya: The
United Nations Centre for Human Settlements (UNCHS)
Habitat, Risk and Disaster Management Unit.

van Beuningen J, Schmeets H. 2013. Social capital in 2009:
an index for the Netherlands. Soc Behav Sci. 72:73–90.

Wetzels M, Odekerken-Schroder G, van Oppen C. 2009.
Using PLS path modeling for assessing hierarchical con-
struct models: guidelines and empirical illustration. MIS
Quart. 33(1):177–195.

Wibisana BH, Bitai CC. 2009. Education, health, women
empowerment. BRR NAD-Nias. Banda Aceh, Indonesia:
BRR Book Series.

Zimmerman A, Martin M. 2001. Post-occupancy evalu-
ation: benefits and barriers. Building Research and
Information. 29(2):168–174.

Appendix A

Indonesia national regulations and building codes are:

a. Ordinance No: 28 Year 2002 (National Act) —
regarding Building Construction (Undang-Undang
Republik Indonesia: No: 28 Tahun 2002);

b. Government Regulation No: 36 Year 2005 — regard-
ing the Implementing Regulation of RI Act No:28/
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2002 (Peraturan Pemerintah Republik Indonesia: No:
36 Tahun 2005);

c. Decree of State Minister of Public Works Ordinance
No: 441/KPTS/1998 — regarding Technical
Requirement of Building Construction (Keputusan
Menteri Pekerjaan Umum: No: 441/KPTS/1998);

d. Decree of State Minister of Infrastructure and
Settlements Ordinance (KIMPRASWIL) No: 332/KPTS/
2002 — regarding Technical Guideline for State
Building Construction (Keputusan Menteri
Permukiman dan Sarana Wilayah: No 332/KPTS/2002);

e. Indonesian National Standard (SNI) (Standard
Nasional Indonesia);

f. Decree of State Minister of Public Works Ordinance
No: 10/KPTS/2000 — regarding Technical Provisions
for Fire Hazard Safety in Building and Environment
(Keputusan Menteri Pekerjaan Umum: No: 10/
KPTS/2000);

g. Decision of the State Minister of Public Works No:
11/KPTS/2000 — regarding Urban Fire Management
(Keputusan Menteri Pekerjaan Umum No: 11/
KPTS/2000);

h. Regulation of the Minister of Public Works No: 29
year 2006 — regarding Technical Guidance for
Building Requirements (Peraturan Menteri Pekerjaan
Umum: No: 29 Tahun 2006);

i. Regulation of the Minister of Public Works No: 30
year 2006 — regarding Technical Guidance of
Accessibility and Facilities for Building and
Environment (Peraturan Menteri Pekerjaan Umum
No: 30 Tahun 2006);

j. Regulation of the Minister of Public Works No: 6
year 2007 — regarding Building and Environment
Arrangement Plan (Peraturan Menteri Pekerjaan
Umum: No 6 Tahun 2007);

k. Government Regulation No: 6 year 2006 — regarding
the Management of State/Region Property (Peraturan
Pemerintah No: 6 Tahun 2006);

l. Provincial/local regulations for building constructions;
m. Building Code for NAD and Nias Island.
n. Decree of State Minister of Health No: 1204 year

2004 — regarding Requirement of Environmental
Health Hospital (Keputusan Menteri Kesehatan No:
1204/MENKES/SK/X/2004).

Reliability for PDR hospital building performance.

No Item
Scale mean if
item deleted

Scale variance if
item deleted

Corrected item-total
correlation

Cronbach’s alpha if
item deleted

1 Building form and material 50.1487 110.415 .654 .964
2 Staff and patient environment 50.2636 107.937 .795 .961
3 Building quality 49.9979 109.804 .800 .961
4 Engineering 50.0810 108.567 .828 .961
5 Accessibility 50.0928 109.413 .826 .961
6 Safety 50.1501 106.760 .870 .960
7 Healthy 49.8209 110.853 .778 .962
8 Comfort 50.1389 108.651 .818 .961
9 Easiness 50.0434 109.460 .749 .962
10 Architecture 50.0628 110.316 .787 .962
11 Control and environment impact 50.1885 109.321 .794 .962
12 Operational and maintenance guideline 50.2551 108.024 .771 .962
13 Local institution capacity 50.3191 110.395 .673 .964
14 Functionality 50.3479 106.110 .797 .962
15 Sustainability 50.2272 109.296 .741 .962
16 Disaster resilience 50.2701 108.262 .792 .962

Reliability statistics Cronbach’s alpha¼ 0.964; scale mean¼ 53.49; SD¼ 11.12.

Table for intercorrelations of the latent variables.
Construct D K B A H J N I C O G P F E L

(D) Access 0.840 – – – – – – – – – – – – – –
(K) Architecture 0.509 0.858 – – – – – – – – – – – – –
(B) Building quality 0.548 0.585 0.850 – – – – – – – – – – – –
(A) Building form material 0.592 0.716 0.756 0.833 – – – – – – – – – – –
(H) Comfort 0.495 0.724 0.62 0.700 0.843 – – – – – – – – – –
(J) Control environment impact 0.477 0.587 0.629 0.609 0.608 0.882 – – – – – – – – –
(N) Disaster resilience 0.477 0.672 0.590 0.658 0.650 0.598 0.873 – – – – – – – –
(I) Easiness 0.511 0.614 0.583 0.629 0.655 0.607 0.556 0.877 – – – – – – –
(C) Engineering 0.619 0.601 0.754 0.731 0.607 0.612 0.615 0.598 0.846 – – – – –
(O) Functionality 0.479 0.639 0.611 0.590 0.680 0.633 0.69 0.559 0.614 0.871 – – – – –
(G) Health 0.557 0.618 0.670 0.710 0.698 0.687 0.665 0.690 0.631 0.639 0.799 – – – –
(P) Local capacity 0.531 0.721 0.632 0.679 0.703 0.591 0.762 0.559 0.618 0.717 0.630 0.922 – – –
(F) Safety 0.596 0.650 0.712 0.748 0.719 0.750 0.709 0.677 0.753 0.690 0.781 0.692 0.840 – –
(E) Staff & patient Environment 0.634 0.709 0.778 0.833 0.698 0.627 0.642 0.657 0.754 0.619 0.727 0.684 0.762 0.805 –
(L) Sustainability 0.519 0.707 0.647 0.693 0.741 0.620 0.768 0.613 0.666 0.717 0.674 0.778 0.717 0.692 0.879

Note: For strong discriminant validity, the diagonal elements should be larger than any corresponding row or column entry (Hulland 1999). The bold
diagonal elements are the square root of the variance shared between the constructs. It shows that all exceeds the intercorrelations of the construct
with the other constructs in the model and support of discriminant validity.
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