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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 

https://www.google.com/maps/place/data=!4m2!3m1!1s0x487684b360159d63:0xa74d6f19cd5e05ca?sa=X&ved=1t:8290&ictx=111
https://www.google.com/maps/place/data=!4m2!3m1!1s0x487684b360159d63:0xa74d6f19cd5e05ca?sa=X&ved=1t:8290&ictx=111
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adaptation during 2010-2022 (Gündoğan 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 (AI) and Construction 5.0 technologies 

has given rise to use the terms such as “AI-driven Smart Buildings” (Arun et al., 2025).  AI 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 Gündoğan 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 IB 

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. 
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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., 
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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 

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

expert 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.  
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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 Gündoğan 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% is 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 5-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).  

 

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 (H0: μ1 < μ0) against the alternative hypothesis (H1: μ1 

≥μ0). Here, μ1 represents the mean of the survey sample population, and μ0 represents the mean 

of the population above which the rating of each design feature was considered as important. 

The value of μ0 was fixed at ‘3’, representing the threshold covering ‘moderately important’, 

‘important’ and ‘very important’ response options.  

H0: The mean of the population the sample represents less than 3 (‘not important’ and 

‘weakly important’).  

H1: 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):  

                                              𝑡 =
𝑥 ̅− 𝜇

𝑠̃ √𝑛⁄
       (1) 
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where 𝑠̃ represents an unbiased estimate of the value of the population standard deviation, 

𝑠̃ √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 (H0), and supports the alternative hypothesis (H1). 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 Gündoğan (2021). The design features of smart buildings were also included since 

these concepts are used as synonymous with each other (Li et al., 2021; Gündoğan et al., 2024).  

The first stage of this study (Gündoğan 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  

Building 

Management 
Lighting System 

 (Wong et al., 2008; Wong and Li, 

2008; Brown et al., 2009; Clements-

Croome, 2011; Schmidt and Åhlund, 

2018) 
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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) 

Façade System 

 (Kroner, 1997; Wyckmans, 2005; 

Wigginton and Harris, 2013; To et al., 

2018; Schmidt and Åhlund, 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 Åhlund, 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 Åhlund, 

2018; Borhani et al., 2024) 
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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 (Gündoğan 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 (Gündoğan 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  

Codes Features Mean SD 
Answers (in %) 

t-value Rank 
Weak Moderate Strong 

BM Features 

BM 1 Occupant feedback about building  4.38 0.86 6.6 0.0 93.4 12.513 1 

BM 2 
Lighting System (Self-adaptive 

control) 
4.35 1.06 12.7 1.6 85.7 10.056 2 

BM 3 
HVAC System (Self-adaptive 

control) 
4.30 1.07 11.1 3.2 85.7 9.636 3 

BM 4 
Degree of occupant control of 

HVAC System 
4.25 1.03 12.7 0.0 87.3 9.651 4 

BM 5 
Degree of occupant control of 

Lighting System 
4.25 1.09 12.7 1.6 85.7 9.114 5 

BM 6 Façade System (Self-adjusting) 4.11 1.25 19.0 0.0 81.0 7.079 6 

BM 7 
Manual control of façade 

elements 
4.08 1.17 19.0 1.6 79.4 7.334 7 

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

BM 9 HVAC System (Pre-programmed) 4.00 1.19 19.0 3.2 77.8 6.662 9 

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

BM 11 
Real-time surveillance of 

occupant behavior 
3.56 1.37 31.1 1.6 67.2 3.171 11 

ADV Features 

ADV 1 
Availability of wireless 

communication network  
4.49 0.91 6,6 3.3 90.2 12.861 1 

ADV 2 
Connection to smart built 

environment 
4.39 0.86 8,2 0.0 91.8 12.629 2 

ADV 3 Easy access to fiber-optic network 4.31 1.09 13,1 3.3 83.6 9.411 3 

ADV 4 
Advanced fire detection and 

protection system 
4.29 1.02 6,3 12.7 81.0 9.978 4 

ADV 5 Level of system integration 4.29 1.05 12,7 1.6 85.7 9.684 5 
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ADV 6 

Automatic fault detection ability 

of all systems and structural 

elements 

4.20 1.13 16,7 0.0 83.3 8.211 6 

ADV 7 
Smarter cleaning and maintenance 

of the building 
4.19 1.05 11,3 3.2 85.5 8.922 7 

ADV 8 
Advanced security monitoring 

and access control system 
4.18 1.03 8,1 11.3 80.6 8.978 8 

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

ADV 

10 

A structured wiring infrastructure 

network 
4.03 1.09 13,1 13.1 73.8 7.367 10 

ADV 

11 

Advanced vertical transportation 

system 
4.03 1.03 7,9 17.5 74.6 7.941 11 

ADV 

12 

Self-learning ability 
3.71 1.24 23.8 7.9 68.3 4.584 12 

DM Features 

DC 1 
Reduction of heating, cooling, 

lighting and ventilation load 
4.80 0.68 3.3 0.0 96.7 20.385 1 

DC 2 

Preparedness of the systems to 

respond to the short-term 

(demand and supply change) and 

long-term (climate change) 

changes 

4.63 0.58 1.6 0.0 98.4 22.511 2 

DC 3 
Integrity of systems in the long 

term 
4.57 0.73 3.2 0.0 96.8 16.986 3 

DC 4 
Application of natural/passive 

design strategies 
4.56 0.87 6.6 0.0 93.4 14.038 4 

DC 5 
Reduction/Reuse/Recycle of 

water 
4.47 1.08 10.0 0.0 90.0 10.510 5 

DC 6 
Reduction/Reuse/Recycle of 

waste 
4.43 1.07 9.8 0.0 90.2 10.394 6 

DC 7 
Knowledge of the occupant on 

how the building operates 
4.27 1.08 14.3 0.0 85.7 9.326 7 

DC 8 
Installation of renewable energy 

systems  
4.25 1.09 14.8 0.0 85.2 8.926 8 

DC 9 
Improved communication for 

teamwork and collaboration 
4.23 0.99 8.2 4.9 86.9 9.701 9 

DC 10 
Access to outdoor space both 

visual and physical 
4.20 1.19 13.1 3.3 83.6 7.823 10 

DC 11 
Easy upgrade/renewal of the 

systems  
4.19 1.06 14.3 0.0 85.7 8.911 11 

DC 12 

Easy of space reconfiguration and 

extension for the changes in size 

and work practice 

4.02 1.10 15,9 1.6 82.5 7.332 12 

DC 13 

Degree of flexibility of façade 

elements for renovation and 

future changes 

3.62 1.31 31.7 1.6 66.7 3.743 13 

DC 14 

Place allocation to employees 

according to their preferences or 

mood 

3.59 1.33 30.2 6.3 63.5 3.511 14 

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 (H0) 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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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 (BM5) 

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 wi represents the 

weighting factor to be assigned to each IOB design feature as shown in Equation (2):  

    

 
wi=

mean value of importance level the design feature i

sum of mean values of all design features
 

(2) 

The weighting factors of each feature were calculated by using mean values (wi) 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):  

 
Overall Intelligence Score= ∑  (wi) x  (ps

i
)

n

i=1

 
(3) 

where, n is the total number of design features, wi is the weighting factor, and psi 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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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 Türkiye was also a mechanical engineer working as a consultant with 20 years of 

experience in green and sustainable building certification of building projects in Türkiye. 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 

Canada 
Insulated concrete form used for the exterior walls– along 

with good detailing around windows and doors, gives rise 

to an airtight envelope 

Triple-glazed windows for energy efficiency, and 

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 

Exterior shades (automatic operation 

and manual override) did not work 

well and were not well-liked by 

occupants. 

 2 

Türkiye 
Passive design strategies - solar shading, special façade 

design with glazing and integrated PV system, efficient 

HVAC systems, daylighting and lighting automation, 

cogeneration system, building management system. 

Lack of energy monitoring system, 

especially for the energy produced 

through renewable energy systems 

installed. 

No demand-controlled ventilation. 

Building Management System was 

not properly established for 

monitoring the building systems. 

3 

Switzerland 
The building is a 1:1 scale prototype of new technologies 

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 

Location of the building is one of its 

biggest weaknesses -outside of the 

city in an industrial/office area.   

Being far and disconnected from the 

urban structure of Zürich 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 

SolAce-multi functional façade for office spaces to unit 

Vision Wood-timber based innovations for housing or 

Sprint-circular construction from dismantling to re-use as 

fast as possible, just to name 3 of the 9 units; the 

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.   

intelligent building be welcomed in 

a city grid, what about old city 

centers?  

The scale of the building is also 

medium, low rise. 

 

E2 selected an office building passively designed in Türkiye 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 façade 

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 
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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 IB 

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 AI-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 AI, 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. 
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