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Purpose — The conceptualization of intelligence in buildings has been evolving; however, it
remains fragmented with no agreed-upon definition. Current assessment methods are
typically retrospective and exhibit limitations. This study aims to address this gap by
proposing a new assessment approach based on intelligent design features at early design
stages and the Intelligence Assessment Tool for Office Buildings (IATOB).

Design/methodology/approach — Salient intelligent design features were identified through
a systematic literature review and validated by international experts via a pilot study. Sixty-
three geographically distributed Built Environment professionals evaluated these features
through a questionnaire survey. The data was analysed using one-sample t-test for statistical
significance. Based on the empirical findings, the IATOB was developed and validated
through three real-world Intelligent Office Buildings (IOBs) in different countries.

Findings — The professionals’ insights align with the identified IB design features, thereby
confirming the validity of an early-stage assessment approach. In practice, IATOB facilitates
context-specific adaptation, allowing designers to tailor design solutions to specific regional
contexts and rethink design alternatives to enhance building intelligence.

Originality/value — This study advances the existing body of knowledge by providing a
nuanced understanding of IOBs and introduces a novel assessment approach for IOBs by
shifting the intelligence assessment from post-performance indicators to intelligent design
features during early design stages. International experts validated the proposed approach
through real-world IOBs. The approach serves as a foundation for future IOB practices and
potential building intelligence assessment schemes.

Keywords Early Design, Intelligent Buildings, Smart Buildings, Intelligent Design Features,
Building Assessment, Office Buildings

Paper type Research Paper
1. Introduction
Reflecting on the essence of Intelligent Building (IBs), advancements in computer processing

power and related technologies served various purposes over time. The focus shifted from
efficiency (1989-1999) to sustainability (2000-2009) and eventually to real-time learning and
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adaptation during 2010-2022 (Giindogan et al., 2024). The early IB concept centered on pure
technology (Wong et al., 2005), a view criticized by Arkin and Paciuk (1997), who argued that
the sole inclusion of high-tech and sophistically controlled services systems does not make a
building intelligent. Instead, Harrison et al. (2005) suggested a simple adaptable building form,
combined with appropriately specified building services and technologies rather than high
levels of technology. Likewise, Ochoa and Capeluto (2008) described the IB design process as
the integration of passive features and technological innovations. This evolution led to the
climate-responsive design approach, with varying IB design concepts (Preiser and Schramm,
2002). The later conceptualization of IBs emphasised “responsiveness”, the ability to adapt
instinctively to meet the occupant requirements in an energy-efficient way (Wigginton and
Harris, 2013) and communication with the occupants (Mofidi and Akbari, 2020). Further,
Clements-Croome (2011), Katz and Skopek (2009) and Borhani et al. (2024) provided a
broader perspective by stating that the IBs should be sustainable as an overarching notion.

More recently, the integration of Artificial Intelligence (Al) and Construction 5.0 technologies
has given rise to use the terms such as “Al-driven Smart Buildings” (Arun et al., 2025). Al is
integrated into building energy management systems by enabling real-time monitoring,
predictive analytics, and automated control (Teixeira et al., 2025). Thus, smart buildings
integrate advanced technologies such as automated systems, internet of things based sensors,
and data-driven analytics (Yitmen et al., 2024) and so are considered as the physical
counterpart of the concept of digital twins (Ghansah, 2025). Recognizing that the “Smart” and
“Intelligent” terms are often used interchangeably in literature (Li et al., 2021; Ghansah, 2025),
this study consistently uses the term “Intelligent” to represent such buildings.

Despite this conceptual evolution, systematic assessment of building intelligence is still under
scrutiny. This is partly due to varying definitions and interpretations of IBs (Arkin and Paciuk,
1997), the subjective nature of interpretations (Harrison et al., 2005), the complexity of
stakeholders’ varying interests and requirements (Cole, 1998) and the limited consensus on
building assessment performance (Alwaer and Clements-Croome, 2010). Intelligence in
buildings is not a new research direction but rather, a refocusing effort toward how Built
Environment (BE) professionals understand it. Interviews with BE professionals provided a
sense of how the term is interpreted in current practise as noted in Giindogan et al. (2024), “The
core idea evolves around the occupant-oriented approach and the integration of climate
responsive design strategies with a balanced level of technology uniquely serving a well-
defined purpose by taking advantage of regional conditions”. Thus, a new assessment approach
for building intelligence is necessary to bring some order to a rather disorganized field.

Current assessment methodologies are limited to capture multi-dimensional aspects of the 1B
concept, revealing four challenges in existing literature. A primary challenge is the
retrospective nature of existing assessment approaches. Most proposed tools, frameworks, and
models integrate pre-identified criteria (e.g., building performance indicators) from the existing
assessment methods (So and Wong, 2002; Smith, 2007; Chen, 2010; Arditi et al., 2015; Lin et
al., 2022,). Consequently, such tools fail to support decision-making during early design phase,
where key choices regarding design alternatives are actually made (Wong et al., 2005); (Yang
and Peng, 2001). Thus, an assessment approach for the IBs is required to guide designers in
the front-end to shape any potential projects.



Compounding on this retrospective angle is the tendency of existing approaches to evaluate
IBs through restricted perspectives. Rather than offering a wider view, prior assessment
approaches focus on limited aspects of the IB concept , such as technology (Katz and Skopek,
2009; Huang, 2014), lifespan energy efficiency (Chen et al., 2006), energy efficiency and
occupant comfort (Arditi et al., 2015), building shell and skin issues (Harrison et al., 2005),
sustainability in terms of energy and natural resources (Alwaer and Clements-Croome, 2010),
systems integration (Arkin and Paciuk, 1997), technology and occupant comfort (Fathian and
Akhavan, 2006), energy consumption and technology (Kahraman and Kaya, 2012), eleven
building systems (Affonso et al., 2025), smart cities (Domingos et al., 2024), zero energy with
adaptation to the climate and grid changes (Al Dakheel et al., 2024), climatic hazard (Khoja
and Danylenko, 2024), smart city infrastructure domains (energy, mobility, water, waste
management, and security) (Shahrabani and Apanaviciene, 2024), smart technologies for
energy-efficiency in use, actively responding to changing both internal (the occupant
requirements) and external conditions (the energy grid) (Commission, 2020) and occupant
experience in terms of culture, safety and health (Preiser and Schramm, 2002). In this respect,
Smith (2007) stated that there is no absolute measure for building intelligence and Fathian and
Akhavan (2006) argued to include the building architecture in the assessment. Similarly, Arkin
and Paciuk (1997) advocated that a comprehensive tool covering performance, technology,
architecture, and functionality, is required. In summary, an inclusive approach covering all IOB
aspects is essential in assessing the building intelligence.

Furthermore, the lack of an inclusive approach is particularly problematic because intelligence
cannot be uniformly conceptualized across all building typologies (e.g., residential,
commercial, and infrastructure). While some scholars studied generic assessment without
specifying a building type (So and Wong, 2002; Fathian and Akhavan, 2006; Alwaer and
Clements-Croome, 2010; Arditi et al., 2015; Al Dakheel et al., 2020), others focus on specific
types, such as residential buildings (Huang, 2014), facilities (Chen, 2010), office buildings
(Preiser and Schramm, 2002) and commercial, corporate, office, and apartment buildings
(Affonso et al., 2025). Overall, diverse requirements and expectations of specific typologies
are often overlooked. Office buildings, in particular, are a common building type worldwide,
whose design is influenced by a variety of factors, including diverse national and regional
approaches, socio-economic and political conditions, climate differences, customs, and
traditions (Preiser and Schramm, 2002). IOBs provide numerous advantages, such as reduced
operating and occupancy costs, coupled with their ability to offer a flexible, convenient, and
comfortable environment enhance their market appeal (Cole, 1998). Yet, there is a distinct lack
of tools tailored specifically to evaluate the intelligence in office buildings during the critical
early design stage.

Ultimately, even when comprehensive frameworks are proposed, their utility is frequently
hindered by a lack of real-world applicability. Many existing building assessment and rating
methods lack practical applicability due to conceptual complexities, inapplicable calculation
processes (Huang, 2014) and the lack of flexibility (Chen et al., 2006; Alwaer and Clements-
Croome, 2010). While some studies have not tested their proposed assessment approach with
a real-life project (So and Wong, 2002; Harrison et al., 2005; Smith, 2007; Alwaer and
Clements-Croome, 2010; Domingos et al., 2024; Affonso et al., 2025), others tested in real
world settings (Arkin and Paciuk, 1997; Chun To Cho and Fellows, 2000; Fathian and
Akhavan, 2006; Katz and Skopek, 2009; Huang, 2014; Lin et al., 2022; Al Dakheel et al.,



2024). Therefore, validating proposed assessment approaches through real-life projects is
critical to ensure their flexibility, reliability, and relevance to practice.

In summary, there is a clear need for a flexible, less complex, and inclusive assessment
approach for the IOBs. To bridge the gap between the evolving IB concept and its practical
application, this study proposes and validates a new intelligence assessment approach tailored
for office buildings at early design stage. The conceptual distinctiveness of the proposed
approach lies in assessing building intelligence through the availability of IB design features
that reflects the recent IB conceptualisation by covering all aspects of the IBs such as
technology, design considerations, sustainability and building management In this regard, this
research contributes to the literature by targeting the under-researched front-end phase of office
buildings, shifting the intelligence assessment from post-performance indicators to integrated
design features, and validating through real-world applications.

2. Research Objectives

The main research questions guiding this study are:

RQ1: “What intelligent design features should be considered for office buildings during the
early design stage in existing literature?”

RQ2: “How significant are these features in influencing the overall level of building
intelligence from the BE professionals’ perspectives?”

To address these questions, this study surveyed BE professionals to rate the IOB design features
identified from the literature using five-point Likert Scale to determine their perceived level of
importance. Based on the results, a flexible decision support tool for assessing the IOBs to
support designers at the conceptual stage of the project was developed and validated.

The paper is organized as follows: in Section 3 details the research methodology. Section 4
presents the results. Section 5 explains the operational details of the Intelligence Assessment
Tool for Office Buildings (IATOB). Section 6 demonstrates the tool’s applicability with real-
life IBs. Finally, Section 7 offers concluding remarks along with limitations and
recommendations for future study.

3. Research Methodology

In line with the research aim, the proposed design feature-based assessment approach for the
I0Bs includes the following four phases (Figure 1):

Phase 1 forms the basis of this study. The IOB design features were identified from the
accumulated knowledge through a systematic literature review, assessing and describing
building intelligence. Further, a pilot study involving domain experts was undertaken to
validate the extracted IB design features and finalize the questionnaire survey.

Phase 2 aims to find out the importance levels of [OB design features based on the perceptions
of BE professionals. The questionnaire results were analyzed using statistical methods.
Subsequently, the intelligence measurement tool (IATOB) was developed using the weighted
importance levels of the IOB design features.



Phase 3 aims to validate the IATOB with real-life IOBs and improve it further according to
expert feedback.

Phase 1 - Identification of IB Phase 2 - Creation of the IATOB Phase 3 - Validation of the
Design Features IATOB

'a ™y . . .
Identification of IB design %{ Data col.lecthn via enline ‘ Testing the IATOB with real life
features through Systematic questionnaire survey intelligent office buildings
L Literature Review ) located in different countries
B v ] Data analysis with [ g ]
[ . g ‘ statistical methods Tlll%ﬂ}-"c
[ Intelligent Buildings ] [ Canada ]
l, [ Switzerland ]
Validation of the IOB design features ‘ The creation of the IATOB }7 \l’
and finalization of the questionnaire

‘ Validation of the IATOB based ‘

survey with a pilot study on experts' feedback

Fig. 1. Research Methodology

3.1 Data Collection

This study utilizes a comprehensive literature review alongside a mixed-methods approach for
primary data collection, comprising qualitative pilot interviews and a quantitative structured
questionnaire survey.

3.1.1 Systematic Literature Review and Pilot Study

Early IOB design features covering all IB concept aspects were identified from the studies
describing and defining IBs. These features were reflected in the questionnaire survey.
However, economic dimensions (e.g., Life Cycle Cost) were excluded, as noted by Zeng and
Pishdad (2025) as one of the regional uniqueness for sustainable building design. Similarly,
environmental dimensions (e.g., embodied carbon emissions and Life Cycle Assessment) were
excluded since these aspects require detailed design information typically generated in later
project phases.

Initially, a pilot test of the questionnaire was conducted to validate identified IOB design
features and to eliminate the ambiguous or unclear features with professionals (Table 1). The
pilot study engaged seven design consultants active in international practices. These experts
specialize in climate-responsive building design and the development of intelligent
architectural solutions aimed at achieving climate neutrality in the different parts of the world.
Prior to the scheduled meeting, informed consent was obtained from all participants. Face-to-
face group discussion was conducted, enabling each professional to express their opinions and
debate their concerns with one another. The survey was revised according to their feedback
collected before distributing the survey to all BE professionals.

Table 1.



The demographic information of the professionals for the pilot study

No. Expertise Age Nationality Experience (years)
P1 Mechanical Engineer 57 German >10

P2 Architect 40 German >10

P3 Mechanical Engineer 42 German >10

P4 Architect 38 Canadian 5-10

P5 Architect 29 Albanian 1-3

P6 Architect 28 Egyptian 1-3

P7 Mechanical Engineer 28 Chinese 1-3

3.1.2 Questionnaire survey

Likert Scaling is a commonly adopted methodological approach for measuring opinions,
beliefs and attitudes (DeVellis and Thorpe, 2021). This method involves measuring a
phenomenon by aggregating individuals’ ratings based on their feelings and knowledge on a
series of items and statements (Harpe, 2015), as well as their level of agreement or
disagreement (Azari and Kim, 2016). In this regard, a questionnaire survey was developed
using the Likert scale method to gather the BE professionals’ opinions on a set of IOB design
features’ importance level using a five-point scale (1 = not important and 5 = very important).
Specifically, in the literature of the built environment, the Likert Scale has been a popular
method (Ekanayake and Ofori, 2004; Wong et al., 2008; Wong and Li, 2008; Arditi et al., 2015;
Darko et al., 2017).

This study serves as a continuation of Gilindogan et al. (2024), in which, interviews were
conducted with the BE Professionals selected based on purposive sampling (Cohen et al.,
2002). Invitation emails were distributed to the eighty-nine BE professionals, comprising
design-led professionals, researchers, and experts engaged in exemplary IBs worldwide. Of
these, sixty-three experts consented to participate in the interviews. Respondents were asked
to rate the importance levels of identified IOB design features through an online questionary
survey. An online survey link was sent to their business e-mail addresses. A total of 63
responses were received and is deemed sufficiently representative for the purpose of this
research. The response rate of 71% 1s good and statistical analysis is valid in accordance with
the central limit theorem, which holds true when the sample size is >30 (Ott and Longnecker,
2010; Darko et al., 2017).

The professionals’ profiles indicated that 33 % of the professionals were Architects (N=21)
while the remainder were Civil Engineers (N=11), Mechanical Engineers (N=11), and Other
disciplines (N=20). Regarding expertise, the sample included Designers (N=17), Design
Consultants (N=22), Researchers (N=17) and Others (N=7) who held positions, such as smart
city advisors, real estate advisors, climate engineers, and marketing managers in their
organizations. Of the 63 professionals, approximately %57 (N=36) possessed more than 10
years of experience, 7 (11%) had 0-3, 12 (19%) had 3-5 and 8 (13%) had 5-10 years of
experience in the field of building design and consultancy. The participation of a diverse
sample across the globe from different nations (Asian (N=24), African (N=6), European
(N=22) and American (N=11)) enhanced the validity of the IOB design features. In terms of
place of experience, the professionals having experience in two continents are considered as
having worldwide experience in building design and consultancy (Asia (N=13), Europe (N=7)
America (N=3) Africa (N=4) and Worldwide (N=36)) enriching the perspectives on the IOBs.
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The time spent on the questionnaire was used as a filter to select a reliable response, similar to
(Toft et al., 2014). The average survey completion time was nineteen minutes, the responses
from sixty-three professionals were reasonable and included in the evaluation.

3.2 Data Analysis

Before the statistical analysis, Cronbach’s coefficient alpha was used to estimate internal
consistency and assess item homogeneity within the scale (Cronbach, 1951). Various statistical
procedures exist to evaluate data derived from the Likert scale (DeVellis and Thorpe, 2021).
Literature suggests treating S5-point scales as interval scales (Chyung et al., 2017) and
continuous data (Harpe, 2015). Similar to Likert’s original methodology (Likert, 1932), the
survey used five response options with a mid-point option, and the distances between the fully
anchored points (e.g., Very important,” “Important,”) are set as equal (see Figure 2). Thus, this
study evaluated the obtained data as “interval (continuous)” per Steven’s classification
(Stevens, 1946).

How would you rate the importance of IOB design features for building intelligence?

Application of natural/passive design strategies instead of active systems

Not important Weakly Moderately Important Very
important important Important

L] L] [ ] [] L]

Fig. 2. A sample likert-type item for a IOB design feature

Given that Likert-type items qualify as interval (continuous) data, the analysis employed
mean score ranking, aligning with many studies in the literature (Ekanayake and Ofori, 2004;
Wong and Li, 2008; Amasyali and El-Gohary, 2016; Darko et al., 2017). Descriptive
statistics, including means, Standard Deviations (SD) and t-values, presented the results. To
infer a conclusion about the larger population (Sheskin, 2003), a parametric test, the one
sample t-test was used to evaluate the data. This hypothesis testing determined whether each
design feature was significant or not, consistent with prior research (Ekanayake and Ofori,
2004; Wong and Li, 2008; Darko et al., 2017).

The analysis tested the null hypothesis (Ho: pi < po) against the alternative hypothesis (Hi: pu
>Wo). Here, p1 represents the mean of the survey sample population, and o represents the mean
of the population above which the rating of each design feature was considered as important.
The value of o was fixed at ‘3’ representing the threshold covering ‘moderately important’,
‘important’ and ‘very important’ response options.

Ho: The mean of the population the sample represents less than 3 (‘not important” and
‘weakly important”).

Hi. The mean of the population the sample represents is equals and greater than 3
(‘moderately important’, ‘important’ and ‘very important”).

Equation (1) calculates the t-values of each design feature (Sheskin, 2003):

_x-u
t—g/\/ﬁ (1)




where § represents an unbiased estimate of the value of the population standard deviation,
§/~/n represents the standard error of the population mean, n is the sample size, which is sixty-
three in this study. If the calculated t- value exceeds the critical t-value t (62, 0.05) = 1.669 at
a confidence level of 95%, the analysis accepts the defined IOB design feature as significant,
rejects the null hypothesis (Ho), and supports the alternative hypothesis (Hi). Upon the
completion of t-test analysis, Pearson correlation coefficient was calculated to examine the
strength and direction of the linear relationships between the design features (Schober et al.,
2018). Finally, potential differences in views of professionals across expertise, experience, and
location were evaluated using one-way ANOVA (McCrum-Gardner, 2008).

4. Results

4.1 Identified design features from the systematic literature review

The systematic review of existing academic literature on the descriptions of IBs resulted in the
identification of 43 IOB design features as listed in Table 2 and the details can found in the
study of Giindogan (2021). The design features of smart buildings were also included since
these concepts are used as synonymous with each other (Li et al., 2021; Giindogan et al., 2024).

The first stage of this study (Giindogan et al., 2024) involved a systematic literature review
conducted for the studies that describe and assess the intelligent and smart buildings, spanning
the period 1989-2023. To enhance this review, further research between 2023-2025 was
conducted by using Scopus, the primary database for this study due to its more extensive and
recent coverage of academic literature compared to alternatives like Web of Science (Salihu et
al., 2022; Chen and Lai, 2025). This selection was based on the database’s comprehensive
indexing of peer-reviewed literature in fields relevant to this research, including engineering
and management, and its advanced search capabilities (Sarigul and Gunaydin, 2025;
Wickramasekara et al., 2025). The article title "building intelligence" OR "intelligent building"
OR "intelligent office building" OR "smart building" was searched. The criteria for inclusion
encompassed scholarly articles, dissertations, books and book chapters, whereas exclusion
criteria were conference papers, posters, unpublished manuscripts, and non-peer-reviewed
articles. The search parameters were further restricted to works published in English within the
domain of Engineering and with key words of “intelligent buildings” and “smart buildings”.
Accordingly, the search yielded 237 publications. From these, five publications that described
or assessed buildings as “intelligent” or “smart” were identified and cited in Table 2,
confirming the validity of the selected IB features.

Table 2.
The extracted IOB features from the literature

Features Sources

(Wong et al., 2008; Wong and Li,
2008; Brown et al., 2009; Clements-
Croome, 2011; Schmidt and Ahlund,
2018)

Building

Lighti t
Management ighting System




HVAC System

(Kroner, 1997; Fathian and Akhavan,
2006; Wong et al., 2008; Brown et al.,
2009; Wigginton and Harris, 2013)

Individual Occupant Control

(Brown et al., 2009; Nguyen and
Aiello, 2013; To et al., 2018)

Fagade System

(Kroner, 1997; Wyckmans, 2005;
Wigginton and Harris, 2013; To et al.,
2018; Schmidt and Ahlund, 2018)

Advanced
Technology

Connection to the
Environment

(So et al., 1999; Lilis et al., 2017;
Domingos et al., 2024; Al Dakheel et
al., 2024)

Advanced Building Systems

(Arkin and Paciuk, 1997; Derek and
Clements-Croome, 1997; So et al.,
1999; Sharples et al., 1999; Hartkopf
and Loftness, 1999; Himanen, 2003;
Fathian and Akhavan, 2006; Smith,
2007; Wong et al., 2008; Katz and
Skopek, 2009; Sinopoli, 2009; Wang,
2009; Clements-Croome, 2011; Silva et
al., 2012; Wigginton and Harris, 2013;
Schmidt and Ahlund, 2018; To et al.,
2018; Mofidi and Akbari, 2020;
Borhani et al., 2024; Affonso et al.,
2025)

Design
Considerations

Passive Design Strategies

(Kroner, 1997; Derek and Clements-
Croome, 1997; Chwieduk, 2003; Ochoa
and Capeluto, 2008; Kolokotsa et al.,
2011; Borhani et al., 2024)

Design Flexibility

(Hartkopf et al., 1997; Derek and
Clements-Croome, 1997; Hartkopf and
Loftness, 1999; So et al., 1999; Chun To
Cho and Fellows, 2000; Kua and Lee,
2002; So and Wong, 2002; Himanen,
2003; Fathian and Akhavan, 2006;
Wong et al., 2008; Wong and Li, 2008;
Katz and Skopek, 2009; Chen, 2010;
Clements-Croome, 2011; Buckman et
al., 2014; To et al., 2018; Khoja and
Danylenko, 2024; Borhani et al., 2024)

Efficient Resource
Management

(Hartkopf et al., 1997; Hartkopf and
Loftness, 1999; Chwieduk, 2003; Chen
et al., 2006; Alwaer and Clements-
Croome, 2010; Clements-Croome,
2011; Huang, 2014; To et al., 2018;
Domingos et al., 2024; Al Dakheel et
al., 2024)

Occupant Comfort

(Yang and Peng, 2001; Wyckmans,
2005; Clements-Croome, 2011;
Wigginton and Harris, 2013; Nguyen
and Aiello, 2013; Schmidt and Ahlund,
2018; Borhani et al., 2024)




4.2 Validation of the design features through a pilot study

A group of professionals with specialized expertise in building design assessed the relevance
of these design features. The evaluation process first excluded design features already
mandated by building codes and regulations. Further, given the research aim to develop a
flexible assessment approach, region-specific features were considered as a limitation. As
noted above, the assessment excluded IOB features that directly assess environmental and
economic dimensions, including non-monetary values (e.g., cultural value, and social value).
These aspects vary significantly according to local context, (e.g., national regulations and
political measures). Consequently, “Special design for the natural disasters (flood, earthquake,
etc.) and “Ability to manage its core activities under emergency conditions” were removed.
The second discussion was on the design features that clash with each other during the early
design phase. After detailed scrutiny, the features of “Special design considerations for
disabled and elderly,” “The monitoring of energy and water usage,” “Proximity to wide range
of amenities and public transportation facilities” and ‘“Establishment of performance
requirements in terms of energy efficiency and occupant comfort” were removed. The group
concluded that such considerations were already addressed in the remaining design features.
Ultimately, the elimination of six features from the preliminary list resulted in 37 design
features considered relevant for the assessment of IOBs. Further, the group refined the feature
of “Application of passive design strategies instead of active systems” by proposing the term
“natural” as an alternative to “passive”. “Natural” in this study refers to local building design
strategies and can be seen in the traditional houses that evolved in response to the local climate
conditions, besides these technological approaches towards better building performance.
Consequently, the term “natural” was incorporated alongside “passive” so that strategies such
as natural ventilation and lighting could be covered under this feature.

In summary, the pilot study helped acquire the professionals’ comments/feedback and
established an average survey completion time of approximately fifteen minutes. The
questionnaire survey was refined in terms of wording to enhance the overall
comprehensiveness by a broader range of participants and finalized before its distribution.
During the session, professionals suggested the classification of the IOB design features into
three main categories: Building Management (BM), Advanced Systems (ADV), and Design
Considerations (DC).

The BM category encompasses features that support the adaptability and responsiveness. This
aligns with one of the IOB characteristics of adapting to a variable environment by means of
perception, reasoning, and action (Wyckmans, 2005) and responding to short- and long-term
human needs (Clements-Croome, 2011).

The ADV category includes technological features, using the term “advanced” to denote the
degree of building systems that incorporate artificial intelligence techniques. These systems
aim to improve operational efficiency, enhance occupant comfort, and sustainability (Arun et
al., 2025), exceeding the requirements set by building standards and regulations.

The DC category emphasizes design elements that shape the general design approach at the
early design phase. This reflects the view that building intelligence is about creating intelligent
design (Gilindogan et al., 2024), being intelligently designed (Wigginton and Harris, 2013) and
designing the building in an intelligent form (Kroner, 1997). Similarly, this category integrates
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concepts, such as “climate-responsive design” approach (Giindogan et al., 2024), bioclimatic
building design and orientation (Chwieduk, 2003), the design process with passive features
(Ochoa and Capeluto, 2008), and vernacular architecture for intelligence (Kroner, 1997;
Wyckmans, 2005; Clements-Croome, 2011). It also includes on-site energy generation, since
self-sufficiency is the epitomic of true intelligence (Wigginton and Harris, 2013). Further, the
category addresses spatial planning in terms of building flexibility (Himanen, 2003) and
adaptability (Hartkopf and Loftness, 1999).

4.3 The rating results of intelligent design features through a questionnaire survey

The internal consistency to assess the homogeneity of the items within a scale was estimated
by Cronbach’s coefficient alpha (Cronbach, 1951). The calculated values of this study were
0.855 for the total scale, 0.744 for the BM subscale, 0.811 for the ADV subscale, and 0.790 for
the DC subscale. All values exceeded the threshold of 0.70 (Cohen et al., 2002; Tavakol and
Dennick, 2011; DeVellis and Thorpe, 2021). Hence, the overall instrument and subscales
indicate a high level of reliability. Table 3 presents the ranking of each IOB design feature
according to the mean score and descriptive statistics.

Table 3.
The Likert-item rating results

Answers (in %)
Codes Features Mean SD t-value Rank
Weak Moderate Strong

BM Features

BM 1 Occupant feedback about building 438  0.86 6.6 0.0 93.4 12.513 1

pMo  ighting System (Self-adaptive 55y o6 15 5 16 857  10.056 2
control)

M3  HVACSystem (Self-adaptive 430 107 111 32 857 9.636 3
control)
Degree of occupant control of

BM4 UG System 425  1.03 127 0.0 87.3 9.651 4

pMs  Degree of occupant control of 425 1.09 127 16 857 9.114 5
Lighting System

BM6  Facade System (Self-adjusting)  4.11 125 19.0 0.0 81.0 7.079 6

pv7  Manual control of fagade 408 117 19.0 1.6 79.4 7334 7
elements

BM 8 Facade System (Pre-programmed) 4.06 1.12 17.5 1.6 81.0 7.538 8

BM9  HVAC System (Pre-programmed) 4.00 1.19 19.0 32 77.8 6.662 9

BM 10  Lighting System (Pre-scheduled) ~ 3.84  1.25 23.8 4.8 71.4 5.355 10

pm 11 Real-time surveillance of 356 137 311 1.6 67.2 3.171 11
occupant behavior

ADYV Features

Apy | Availability of wireless 449 091 66 33 90.2 12.861 1
communication network

ADy 2  Connection to smart built 439 086 82 00 918 12629 2
environment

ADV 3 Easy access to fiber-optic network 431 1.09 13,1 3.3 83.6 9.411 3

ADy 4 Advancedfire detection and 429  1.02 63 127 81.0 9.978 4
protection system

ADV 5 Level of system integration 429 105 12,7 1.6 85.7 9.684 5
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Automatic fault detection ability

ADV 6  of all systems and structural 4.20 1.13 16,7 0.0 83.3 8.211 6
elements

ADy 7 Smarter cleaning and maintenance o o5 g3 32855 8.922 7
of the building

ADy g Advanced security monitoring o 3 g 113 80.6 8.978 8
and access control system

ADV 9  Remote control ability 4.07 1.12 16,4 0.0 83.6 7.407 9

ADV A structured wiring infrastructure 4.03 1.09 13,1 13.1 738 7367 10

10 network

ADV Advanced vertical transportation 403 1.03 7.9 175 146 7941 1

11 system

APV Sell-leaming ability 371 124 238 79 683 4584 12

DM Features

pc1  Reductionofheating, cooling, g5 g6 33 00 967 20385 1
lighting and ventilation load
Preparedness of the systems to
respond to the short-term

DC2 (demand and supply change) and  4.63 0.58 1.6 0.0 98.4 22.511 2
long-term (climate change)
changes

DC 3 I:;igmy ofsystemsinthelong 57 73 3, 00 968 1698 3

pc4  Application of naturalipassive 50 g7 g 0.0 934 14038 4
design strategies

pcs  Reduction/Reuse/Recycle of 447 108 10.0 0.0 90.0 10510 5
water

DC6 5:‘81:‘:“0“/ Reuse/Recycle of 443 107 98 0.0 902 10394 6

pc7  Knowledge of the occupanton 7y oy 3 00 857 9.326 7
how the building operates

pcg  |[nstallationofrenewableenergy o5 59 143 0.0 852 8.926 8
systems

pcg  [mproved communication for 423 099 82 49 869 9.701 9
teamwork and collaboration

pC 1 Aceess to outdoor space both 420 119 13.1 33 836 7.823 10
visual and physical

pc i Fasyupgrade/renewal of the 419  1.06 143 00 857 8.911 11
systems
Easy of space reconfiguration and

DC 12  extension for the changes in size 4.02 1.10 15,9 1.6 82.5 7.332 12

and work practice

Degree of flexibility of fagade
DC 13 elements for renovation and 3.62 1.31 31.7 1.6 66.7 3.743 13
future changes

Place allocation to employees
DC 14  according to their preferences or 3.59 1.33  30.2 6.3 63.5 3.511 14
mood

Note: Calculations are based on a 5-point scale from ‘Not important’(weak) as (1) to ‘Very important’ (strong)
as (5)

Notably, BE professionals rated the feature of occupant feedback collection (mean=4.38)
higher than real-time surveillance of occupant behavior (mean=3.56) and self-learning ability
(mean=3.71) for data collection. This difference reflects a shift in professional opinion towards
human-centric design. The findings suggest that professionals prioritize occupant individual
control over black box systems, while still acknowledging the need for an integrated system.
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To test for potential differences among the participants (McCrum-Gardner, 2008), one-way
ANOVA was conducted across expertise, experience, and location. The results showed
consistency in the data with the exception of researchers prioritizing ‘self-learning ability’
more than other groups. Such a deviation likely reflects that researchers had a theoretical rather
than a practical focus.

The t-test of the means indicated that all of the design features were considered significant for
the IOBs since t-values are larger than critical t-value and the null hypothesis (Ho) is rejected.
The tool retained only the design features with mean rating of 3.0 (moderately important) or
higher, resulting in the inclusion of all 37 design features. Furthermore, prior to conducting a
more in-depth analysis, the Pearson correlation was calculated (see Appendix for details).
According to Schober et al. (2018), values more than 0.70 indicates a strong correction and
suggests potential grouping. Analysis revealed a significant correlation (0.717) only between
the features of reduction of water use (DC5) and reduction of waste (DC6). Consequently, these
two features were merged into a single feature “Reduction of water use & waste,” thereby
reducing the total number of IOB design features in the tool to thirty-six.

5. The proposed assessment approach: IATOB Tool

This study used the mean score ranking method to prioritise the design features based on their
perceived level of importance and thirty-six design features are integrated into the assessment
tool based on the statistical results. The tool was created using Microsoft Excel because of its
widespread usage and user-friendly interface. The IATOB excel workbook comprises three
sheets: “Instructions” provides guidance on tool usage; “Input” allows the assessor to enter
data; “Output” displays the analyzed results including the suggested strategies for enhancing
the intelligence and visualization representations in graphical form; and a hidden “data” sheet
for the background calculations.

The tool calculates the IATOB score using the weighted average method. This non-interactive
method enables weighted values to be added directly and integrating the assessment results into
index values. Figure 3 presents a comprehensive flowchart of the tool’s framework and the
details of inputs, calculations, outputs sheets are explained in the following sections.
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INPUTS | ‘ CALCULATION ‘ | OUTPUT

Weightin .
) Possible Score i .
IOB design features Mean g Factors ®S) List of proposed strategies for
(W) each feature to achieve
17 4.38 0.020 0-1 maximum intelligence (some
— 2] 4.35 0.029 0:1 examples are presented below)
43 0.029 0:1
—31 425 0028 0:13:23:1 Building Management
— 51425 0028 0:13:23:1 BM]1 - Establishment of an
BM 5] f"ll []_[]33 0 1 online platform to enable
L] 4.08 U'U“_". 0:1 occupant provide feedback (web-
(51406 0.2/ 0.1 age or via smart phone
0] 400  0.027 0.1 page or P
0] 3.84 0025 0:1 application)
L—{TT] 3.56 0.024 0-1 ?MZ - Intigigent Lightin‘.ig ikt
vystem with occupancy, day
: j;g Uﬂhﬂjg g i Intelligence sensors for the ]igﬁt iniensif}'z
Fi 231 0000 03 0 score of each Overall angle of protection, solar
T 420 0028 01 feature Intelligence | | radiation
31429 0028 0:1/3:23:1 (Weights x Score
5] 4.2 0.02 0: ossible score Advanced Technology
ADV 1410 0.02 0 possibie BM Score | | ADV1 - Wire for primary
] 418  0.028 0: —3{ assigned) > services, wireless for value
——1 407 0.027 0:1 - added mobility
—0 4.03  0.027 0:1 Sum of each ADV Score | | ADV?2 - Connection to the smart
—L 403 0027 0:1 features' + power grid or Connection to
371 0025 0;1 L DM S smart utility networks
intelligence core 1y
— 4.8 0.032 0% ;25% ; 50% stre
121 4.63 0.031 1:05:0 Design Considerations
/=1 457 0.03 0:1 DM1 - Application of climate
131 4.56 0.03 (132301 responsive design strategies
151 4.45 0.03 0% 35% ; 50% based on regional characteristics
DC 61427 0.028 0.1 el e
17T 5 YR Y T YTy, (i.e. well insulated envelope,
—“ 425 0.028 0% ; 25% ; 50% double skin f: d bl
[0 423 0.028 0.1 ouble skin 1agade, operable
L o 40 0.028 0.1 exterior shading device)
L1 4.10 0.028 1-05-0 DM3 - Use Ofcommication
4.02 0.027 1:05:0 protocols (BACNet, Internet
362 0.024 1:05:0 Protocol) suitable for all systems
358 0.024 0:1 from a variety of manufacturers
Y= 151 Y =1

Fig. 3. The IATOB tool visualization

5.1 Inputs

Major elements in the IATOB are inputs, where the assessor selects a Possible Score (PS) to
each feature based on their nature to reflect the unique characteristics of a building. These
scores quantify the features in terms of their availability (yes/no), degree of savings in
percentages (%), degree of application (easy/medium/difficult), and level of sophistication
(i.e., no control/one control/two control/three control). For instance, the assessor can choose
one of the options for the feature of occupant controllability of lighting system (BMSY)
according to the degree of system sophistication installed: “0” for no control, "1" for only for
one control for the amount of artificial lighting, daylight and glare, "2" for two controls "3" for
the controllability of all these parameters by the occupant. The features can be excluded from
the evaluation framework based on the region-specific factors and building characteristics.
When a feature is removed, its weight is redistributed among the remaining features to maintain
total weight of 100%. This ability makes the approach and the tool flexible and calibratable to
reflect specific regional and national concerns.
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5.2 Calculations

Mean values of each design feature from the Likert item responses were converted into the
weighting factors by using a Weighted Sum Method (Fishburn, 1967), where w; represents the
weighting factor to be assigned to each IOB design feature as shown in Equation (2):

mean value of importance level the design feature 1 (2)
w;=

sum of mean values of all design features

The weighting factors of each feature were calculated by using mean values (w;) of features
(Fig. 3), and it has an aggregated value of 1 in total for 37 design features. Then, the
intelligence score of each feature is calculated by multiplying its weighting factors by the
corresponding PS. Finally, an overall intelligence score, which is the summation of all
features’ intelligence scores, is calculated with Equation (3):

n
3)
Overall Intelligence ScoreZZ (w) x (ps,)

i=1

where, n is the total number of design features, w; is the weighting factor, and ps; is the possible
score.

5.3 Outputs

Output sheet generates an overall intelligence score between zero and one hundred. Scores
between 0-20 indicate that the design features need critical revision, 20-40 suggests the need
for improvement, 40-60 represents a fair level, 60-80 indicate good performance, and 80-100
reflect excellent performance. In addition, the outputs present strategies to enhance building
intelligence (Fig. 4).
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. Interpretation of Overall Intellizence
INTELLIGENCE SCORE 67 Score
Proposed Strategies 0-20 Needs Critically Revision
20-40 Needs Improvement
40-60 Fair

Intellizent Lighting System with occupancy. daylight sensors for the 60-80 Good
Building Management 22 light intensity, angle of protection, solar radiation 80-100 Excellent

Programmed timers for shading elements and windows

Manual operation of shading system and windows

Automatic notification to fire department when the fire incident 40 1 3

happens EH] 30 b

Integration with vertical transportation systems and power supply 30 25

systems 25 22
Advanced Technology 19 Installation of CCTVs for fire monitoring 20 19

Application beyond the requirements of building fire safety 15

regulations 10

Sensors for the monitoring the time for cleaning at the toilets -

Robots for vacuum cleaning and mopping .

Integration of the leaming ability concept into the management 0 o B R R

Building Management Advanced Technology Design Considerations
DOProject score OMaximum score

Design Considerations 25  Instaflation of PV panels

Installation of geothermal heat pumps

Fig. 4. The IATOB Tool Output Visualization

The overall score should not be viewed as an absolute measurement of intelligence but rather
provides a method for steering design choices during the early design stage. To support the
long-term dissemination of accumulated knowledge, the tool identifies design features with
relatively low scores and proposes a range of design strategies, enabling designers to configure
available design alternatives during the early design phase and to feed these insights into the
next stages of the design process. The strategies are offered as broad guidance rather than
specific decisions; hence, no particular product or technology is recommended due to the
variation in available technologies and climate-responsive strategies across countries. For
example, the strategies for DM 4 include activation of thermal storage mass - night flushing
and natural cooling, underground duct-supply air preconditioning - a solar chimney (natural
ventilation exhaust chimney, wind-buoyancy driven).

6. Testing the tool with real-case IOBs

The suggested approach and the IATOB tool underwent testing with three real-world projects
for validation. The validation process was conducted through expert evaluations and real-life
building examples, which are considered “intelligent” by the experts with extensive knowledge
in IOB design and consultancy. The validation case study involved three experts: two
mechanical engineers and one architect, all of whom were familiar with the tool’s content,
having previously participated in the questionnaire survey. The first expert (E1) from Canada
was a mechanical engineer who works in building sustainability, energy (modelling, audit,
recommissioning), and commissioning services with 19 years of experience. The second expert
(E2) from Tiirkiye was also a mechanical engineer working as a consultant with 20 years of
experience in green and sustainable building certification of building projects in Tiirkiye. The
third expert (E3) from Germany was an architect with eight years of experience in the
development of climate-responsive design strategies.

To facilitate the validation process, a detailed document outlining the tool's usage and the
required information for validation was sent via email to the experts. In this document, the
experts were asked to assess the strengths and weaknesses of the selected demonstrative
examples of IOBs. Further, they were requested to predict an intelligence score on a scale from
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0 to 100 before using the assessment tool. Additionally, they were encouraged to provide
comments or concerns regarding the tool’s features, potential limitations, and overall benefits.

6.1

Information about IOB projects

Table 4 presents the distinctive characteristics of the selected real-life IOB projects. E1 chose
the Grander View building in Canada with a score of 90 (excellent) before using the tool. As a
flexible assessment approach, the expert considered the feature of “Advanced vertical
transportation system” unnecessary and excluded from the assessment since it is a low-rise
building. After the assessment, the building scored 80 (excellent) on the required intelligence

level.

Table 4.

Summary of strengths and weaknesses of real IOBs

Experts Strengths (+) Weaknesses (-)
1 Insulated concrete form used for the exterior walls— along  Exterior shades (automatic operation
Canada with good detailing around windows and doors, gives rise and manual override) did not work
to an airtight envelope well and were not well-liked by
Triple-glazed windows for energy efficiency, and Occupants.
operable to offer occupant control/comfort
Dedicated outdoor air system, Earth tubes to temper
outdoor air, Energy recovery ventilators
Air-source heat pumps
Mechanically assisted natural ventilation — Louvre and
exhaust fan on top floor and windows on ground floor
open when outdoor conditions are appropriate
High-efficiency T8 lighting controlled by daylight and
occupancy sensors
The building control system was kept as simple as
possible
2 Passive design strategies - solar shading, special fagade Lack of energy monitoring system,
Tirkiye design with glazing and integrated PV system, efficient ~¢specially for the energy produced
HVAC systems, daylighting and lighting automation, through renewable energy systems
cogeneration system, building management system. installed. o
No demand-controlled ventilation.
Building Management System was
not properly established for
monitoring the building systems.
3 The building is a 1:1 scale prototype of new technologies Location of the building is one of its
Switzerland

and space typologies. Being derived from several research
projects, it was designed as an open-end modular building.
Here new materials, technologies, and systems are tested,
researched, further developed, and validated for the
construction market.

The building is an exciting example in regard to the
uniqueness of the units and the synergies created between

biggest weaknesses -outside of the
city in an industrial/office area.

Being far and disconnected from the
urban structure of Ziirich is leaving
a big question mark on the
integration level of such a building
of technologies. Would such an
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them. Despite their specific characters, for example, unit intelligent building be welcomed in
SolAce-multi functional fagade for office spaces to unit a city grid, what about old city
Vision Wood-timber based innovations for housing or centers?

Sprint-circular construction from dismantling to re-use as  The scale of the building is also
fast as possible, just to name 3 of the 9 units; the medium, low rise.

conglomerate generates resources and supports all units as

under one umbrella.

The project has the strength of a leading example on

designing with technology and on scale-up/down

strategies for flexible spacing.

E2 selected an office building passively designed in Tiirkiye and assumed the level of
intelligence as 80 (excellent). The expert adjusted the tool for this particular project and the
feature of “Connection to the smart built environment (smart power grid, smart utility
networks, and service providers)” was excluded since there is no connection possibility to the
city’s infrastructure. Further, the feature of “Self-learning ability of systems for future
prediction” and “Smart Cleaning system” are excluded from the assessment because the main
design focus was the maximization of passive design strategies rather than using the advanced
technology. Finally, the tool scored 70.3 (good), the reason for the difference of has arisen from
the poor performance of renewable energy systems during the operation phase.

E3 considered Next Evolution in Sustainable Building Technologies modular research and
innovation building as an IB with a score of 90 (excellent). The tool evaluated the score of
building intelligence as 90.2 (excellent), which is close to the evaluator’s prediction. During
the assessment process, the feature of “Advanced vertical transportation system” was excluded
due to a low-rise office building. Further, the features of “Pre-programmed control facade
elements, HVAC system” and “Pre-scheduled lighting system” were kept out of the evaluation
framework since self-adjusting systems were fully used in the building.

6.2 Experts’ comments on the tool

All experts confirmed that given IOB design features cover the general framework in assessing
the building intelligence for office buildings.
E1 found the tool highly useful, noted:
“It could not only serve as a helpful checklist during design to ensure that key
considerations, such as interoperability and adaptability, don’t get overlooked but also

when recommissioning, evaluating a building portfolio, or a sale/purchase of a
building.”

E1 suggested utilizing the tool for facilities management and adding some more features, such
as sub-metering and data logging of the building systems (broken down by heating, cooling,
pumps, fans, interior/exterior lighting, equipment loads, and domestic hot and cold-water
consumption) to monitor the building performance. E1 stated that while the tool assessed a
broader range of factors than initially expected, certain features may not always be necessary
(e.g., Smart vertical transportation vs. simple elevator) and recommended adding “Not

18



applicable” or “Not Desired” to these features. The earned and lost points were considered
reasonable by E1.

E2 suggested adding a feature for demand-controlled ventilation, hygiene, or filtering of fresh
air in ventilation systems, especially after the Covid-19 phenomenon, and constant monitoring
of indoor air quality due to occupant health and commented:

“The possible value for the feature of “installation of renewable energy systems (ex.
solar, wind, and geothermal)” should be in increments of 10% at max rather than 25%
for more fair assessment”.

E3 recommended using the tool throughout the project lifecycle:

“I would like to use such a tool in a pre-design phase, freeze the answers, and come
back to it in the construction phase after I implemented the proposed improvements.
Then I would re-evaluate the project; further, I would expand the tool with a
construction phase or in-operation status where more detailed questions are set. After
10 years of operation, the evaluation would need to be redone with actual numbers on
the building consumption and what are their reductions”

Moreover, E3 suggested adding the feature of charging stations for the electrical cars. In
summary, the experts found the developed tool and the algorithm effective and suitable.

The validation process demonstrates the tool’s utility across diverse contexts, from passive
low-rise structures to high-tech modular prototypes. The observation that the tool scored
slightly lower than the predictions of experts 1 and 2 may stem from optimism bias or
alternatively may reflect a need for local calibration for region-specific features. Ultimately,
the validation confirms that the identified design features are widely relevant, yet adaptable.

7. Conclusions

This study builds on the latest conceptualization of IOBs by BE professionals and proposes a
new assessment approach for the IOBs at the early design stages. The salient IOB design
features are gathered from the previous studies and scored based on the perceptions of 63 BE
professionals spread across different geographies with a 5-point Likert scale. A total of 37
design features is identified among building management, advanced technology, and design
considerations categories. Among the IB design categories, occupant feedback, wireless
communication network, and reduction of HVAC and lighting load were identified as the most
significant features. On the other hand, the self-learning ability and real-time surveillance of
occupant behavior are regarded as less critical compared to the human-centered design features.
The perceived level of importance of design features is operationalized as a decision-making
support tool called IATOB and validated with real-life IOBs.

This study makes a theoretical contribution by reconceptualizing the assessment of IOB from
a retrospective, performance-based approach to a proactive, front-end design capability by
evaluating the IOB design features based on the recent interpretations of BE professionals.
Accordingly, this research delineates intelligence as embedded, integrated design features,
fostering a multi-faceted understanding of design strategies from early project stages.
Ultimately, these insights offer valuable content for aligning theoretical design concepts with
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professional practical expectations in university programs, also supporting organizational
learning.

The practical implication of the IATOB lies in its ability to assist the review of the selected 1B
design features, providing a focus on achieving building intelligence and generating value
during the early design stages. Identified IB features can be integrated into Building
Information Modelling (BIM) platforms to facilitate information exchange among
multidisciplinary design teams, thereby promoting a coherent design workflow. The tool can
be used by companies in Al-driven technology and investors in real estate to guide their
investments. This new approach offers policymakers in government and industry a robust
framework for assessing building intelligence, thereby supporting the advancement of
smart/intelligent building development both in terms of incentives and building codes.
Furthermore, policymakers and governmental bodies, i.e. municipalities, can establish context-
specific thresholds for building intelligence based on the regional particularities (e.g., climate,
culture, and resource availability) and incorporate these thresholds directly into early-stage
procurement requirements or utilize them as a pre-assessment benchmark for building
certification schemes. Consequently, the IATOB holds significant potential to serve as a
foundational framework for future intelligence certification schemes. Its novelty lies in
assessing intelligence based on design features reflecting perceptions of practitioners and
allowing for flexibility and customization for a given climate, location, and culture. However,
a key limitation to acknowledge is that intelligence is not entirely universal. While this study
establishes a core set of widely accepted design features, the tool’s validity could be enhanced
by testing its adaptability to specific local contexts. Future research should aim to embed
region-specific, cultural and climatic factors into the IATOB, balancing the need for global
standardization with local responsiveness. Moreover, future studies can employ a post-
occupancy evaluation to correlate the tool’s early scores with actual building performance. The
advancements in technology, especially in the domains of Al, user experience, and climate
adaptation might affect priorities over time. Such evolving priorities would drive recalibration
of IB design features’ weighing factors. Finally, the proposed approach can be extended to
other building types.

Data availability

IATOB and the anonymized dataset will be made available from the corresponding author
upon reasonable request.
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IATOB Intelligence Assessment Tool for Office Buildings
PS Possible Score

SD Standard Deviations
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Appendix

Pearson
Correlation BM3 | BM3 | BM10 | BM2 | BM8 | BM& | BMT | BM11 | BM1 | BM4 | BMS | ADVS | ADV4 [ADV11| ADVT | ADVS | ADVS |ADW12| ADVS | ADV3 | ADVY [ADVA0| ADVZ | DC11 | DC3 | DCY3 | DCY2 | DCB | DCY | DC4 | DCB | DCS | DCY | DC14 | DCA0 | DC2 | DCT

BMS 1

BM3 0.088 1

BM10 81| 0.000 1

BM2 0.051| gs77| 04178 1

BM3 0.287| 0.192| 0.492| 0134 1

BMS 0.078| 0.458| 0.209 gge”| 0.213 1

BT 0.104| 0.225| 0.020| 0028| 0.267| 0.182 1

BM11 0.128| 0.455| 0.199| 0.419| 0.045| 0.211| -0.058 1

BI1 0.074| 0.445| 0151 0477| 0.201| 0.141| 0.084| 0.242 1

B4 0.223| 0.238| 0220 0050| 0.187| -0.085| 0.284| 0.013| 0222 1

BMS 0.198| 0.237| 0.208| 0.144| 0.082| 0.026| 0.248| 0.072| 0.222| gg7" 1

ADVE 0.102| 0.292| 0.278| 0241| 0.182| 0.177| -0.080| 0.224| 0.391| 0.028 0.077 1

ADV4 0.088 0.217| 0.251| 0277| 0.251| 0.328| -0.018| 0.348| 0.442| 0.098] -0.088| gas” 1

ADVI1 0.023| 0.195| 0.217| 0078 0.180| 0.180| 0.032| 0.27| 0.413| -0.023| -0.073| e12”| .esa” 1

ADVT 0.288| 0.2322| 0.221| 00%2| 0.088| -0.029| 0.082| 0.341| 0.254| 0.223| 0.188| 0.33] 0241| 0.414 1

ADVY 0.159| 0.022| 0.209| 0.217| 0.237| 0.174| 0.110( 0.378| -0.078| -0.100| -0.028| 0.135| 0271| 0.218| 0.092 1

ADVE 0.174| 0.470| 0.285 0.421| 0.120| 0.189| -0.057| 0.170| 0.097| -0.114| -0.138| 0.271| 0.487| 0.191| 0.045) 0.4%1 1

ADVIZ 0.274| 0.238| 0.273| 0228| -0.010| 0.084| -0.023| 0.553| 0.180| 0.108| 0.055| 0.244| 0282| 0.093| 0.243| 0.204| 0.422| 1

ADVS 0.27| 0.251| 0.428| 0.441| 0.285| 0528| 0.072| 0.272| 0.167| 0.142| 0.148| 0.411| 0482| 0.273| 0.202| 0.205| 0.482| 0262 1

ADV3 0.174| 0.102| 0.207| -0.055| 0.052| 0.120| -0.047| 0.150| 0.021| 0.293| 0.125| 0.080| 0.099| 0.000| 0.243| 0.215 0.142| 0.321| 0077 1

ADV1 0.208| -0.088| 0.219| -0.014| 0.007| 0.021| -0.127| 0.258| -0.049| 0.020| 0.081| -0.0823| 0082| 0.082| 0.231| 0.281| 0.102| 028 0.089] 0552 1

ADV10 0.240| -0.070| 0.232| -0.010| 0.138| -0.077| 0.010| 0.154| -0.088| 0.225| 0.200| 0.204| 028 0.224| 0283 0.21| 0.352| 0.230| 0205 0.431| 0.352 1

ADV2 0.202| 0.208| 0.207| 0442 0.012| 028 0.171| 0.208| 0.201| 0.190| 0.020| 0.203| 0155 0.058| 0.184| 0.042| 027| 0.342| 0.432| 0.294| 0.132| 0.021 1

DC11 0.409| 0.091| 0.528| 0.154| 0.152| 0.277| 0.079| 0.31%| 0.225) 0.029| 0.111| 0.244| 0.251| 0.224| 0.437| 0.251| 0.223| 0.278| 0.441| 0.148| 0.258| 0225 0.228 1

Dc3 0.147| -0.120| 0.224| -0.012| 0.025| 0.088| -0.018| 0.248| 0.057| 0.210| 0.178| 0.125| 0.209| 0.102| 0.284| 0.275| 0108 028| 0.161| 0.421| 0.254| 02687 -0.010| 0.417 1

DC13 0.175| 0.140| 0.091| 0.121| 0.0%4| 0.155| 0157 0.27| 0.285| 0.081| 0.181| 0.183| 0034| 0.212| 0.272| 0.175| 0.024| 0.091| 0.080( -0.008| 0.025| 0.009| 0.123| 0.453| 0236 1

DCi2 0025 0.174| 0.037| 0023| 0.088| 0.010| 0.263| 0.222| 0.140| 0.128| 0.128| 0.014| 0.061| 0.170| 0.32| 0.093| 0.229| 0.148| 0.185| 0.226| 0.422| 0.015| 0.002| 0.122| 0.168| 0.161 1

Dca 0.124| 0.028| 0.188| 0.128| 0.255| 0.199| 0.294| 0.208| 0.012| 0.089| 0.102| 0.05%| 0.189| 0.052| 0.024| 0.222| 0.028| 0.040| 0.194| 0.238| 0.182| 0.244| 0.0%0| 0.227| 0.178| 0.102| 0.158 1

Dc1 0.071| -0.055| 0.012| 0.0523| -0.097| -0.041| 0.249| 0.028| -0.022| 0.047| 0.162| -0.047| 0.034| -0.067| -0.048| 0.004| 0.071| -0.081| -0.048| -0.095| 0.000| 0028| -0.208| 0.018] 0.152| 0.102| 0.205| 0.407 1

DC4 -0.183| 0.183| -0.128| -0.077| -0.103| -0.117| 0.244| 0.015 0.181| 0.028| 0.082| 0.085| 0047| 0.074| 0.229| -0.158| -0.182| -0.071| -0.128| -0.081 -0.100| -0.180| -0.187| -0.155| -0.076| -0.140| 0.38| 0.223| gap” 1

DCE 0.072| 0.051| 0.152| 0052| 0.028| 0020 0.222| 0085 0.051| 0.151| 0.124| 0.125| 0.147| 0.080| 0.057| 0.170| 0.124| 0.168| 0.048| 0.312| 0.278| 0.144| 0.040| 0.172| 0.387| 0.108| 0.325| 0.494| 046 028 1

Dcs 0.028| 0.118| 0.002| -0.041| 0.174| 01723 0.112] 0.178| -0.088| 0.119| 0.084| 0.085| 0024| -0.112| 0.172| 0.102| 0.185| 0.148| 0.048 0.211| 0.2352| 0.228| -0.140| 0.128| 0.223| 0.286| 0.381| 0.228] 0.402| 0155 7177 1

Dcs 0.011| -0.115| 0.058| -0.208| -0.025| -0.202| 0.287| 0.051| -0.005| 0.182| 0.084| 0.083| 0.115 0.162| 0.180| 0.181| -0.084| 0.150| -0.048| 0.273| 0.355| 0.147| 0.088| 0.180| 0.38| 0.088) esp”| 0.284| 0.439| 0.295| 0535 0.478 1

DC14 0184 0.181] 0.218| 0.001| -0.145| -0.080| 0.208| 0.284| 0.075| 0.101| 0.085| 0.123| -0.031| 0.188| 0.014| -0.038| -0.240| 0.085( -0.110| 0.028| 0.142| -0.047| -0.121| -0.218| -0.002| -0.008| 0425 0.202| 0.288| 0.217| 0.274| 0.328| 0.281 1

DC10 0.078| 0.152| 0.178| 0.279| 0.192| 0.165| 0.272| 0.128| 0.040| 0.231 0.148| 0,086 0.005| 0.041| 0.175| 0.022| 0.227| 0.167| 0.190| 0.211| 0.048| 0.1235| 0.180| 0.112| 0.325| 0.293| 0.352| 0.257| 0.252| 0.214| 0.48| 0445 0426 0.181 1
Dc2 0.023| 0051| 0.232| 0.22| 0161 0.28| 0.082| 0152 0.010( 0023 0.0%8| 0.112| 0.018| -0.089| -0.178| 0.011| 0.082| -0.012| 0.201| 0.110| -0.165| -0.024| 0.089| 0.083| -0.071| 0.048| -0.143| 0.202| 0.002| 0.009| -0.071| 0.047| 0.1723| -0.052| 0.137| 1
ocy 0.188| 0.172| 0.152| 0029| 0.128| 0.178| -0.020| 0.118| 0.227| 0.472| 0.41%| 0.149| 0080| 0.021| 0.227| -0.088| -0.150| 0.155| 0.097| 0.229| 0.148| 0.161| -0.024| 0.052| 0.087| 0.210| 0.122| 0.089| 0058 0.028| 0123 0.057| 0.202| 0.058| 0.128] -0.021 1

-

=*. Comelstion is significant at the 0.01 level (2-tailed).

*. Comelation is significant at the 0.05 level (2-tailed).
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