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ABSTRACT: Technologies to communicate construction project information (engineering designs, schedules) 
have evolved into a wider range of innovative ecosystems for engineering practices (e.g., cloud-based 3D 
representations and advanced immersive environments). There is a lack of exploration of effective user interaction 
for learning and training in relation to how presented information influences cognition in these ecosystems. The 
presented research investigates the users’ cognitive and attentional differences using the interactive capabilities 
of Mixed reality (MX) technology. The enhanced user-situation interactions are analyzed by measuring cognitive 
dynamics with an emphasis on two processes (attentional focus and cognitive load) in relation to the challenge of 
the engineering learning task— defined by its complexity (limited time frame for observations of the situations, 
number of required observations) and nature (episodic). Cognitive dynamics were measured using an 
electroencephalography (EEG) device that senses electrical activity in response to changing levels of cognitive 
stimuli via electrodes placed on the scalp. Measuring fluctuations in cognitive processing (related to the intensity 
of various task demands) allows associating efforts on semantic information processing for learning and training 
tasks (e.g., walkthroughs for safety checks in job site in MX). The approach enhances opportunities to design 
technology that best adapts to the user needs for engineering practices with an efficient comprehensive 
performance assessment.  

KEYWORDS: Electroencephalography (EEG), Dynamics of attention, Cognitive load, Cognitive processing 

1. INTRODUCTION  

Construction sites are characterized by their dynamic nature, as they are filled with a multitude of activities and 
potential risks. Safety in construction is a critical aspect of production activities and a major priority effort for 
successful implementations in construction organizations (Guo et al., 2017). Construction safety training is of the 
highest priority across the industry, and the use of technology intervention has facilitated such efforts (Frank Moore 
& Gheisari, 2019). The provision of construction safety training plays a pivotal role in cultivating a safety-oriented 
environment within the construction sector. Ensuring optimal safety in the construction industry necessitates a 
collaborative endeavor involving various stakeholders, including owners, designers, construction companies, 
workers, regulators, and educators (Sacks et al., 2013). Typically, prior to commencing work on a construction site, 
workers are mandated to complete an Occupational Safety and Health Administration (OSHA) 10-hour 
construction training program. This program is delivered online and encompasses safety-oriented lectures, videos, 
and slides.  

The efficacy and significance of this training program, as well as its adequacy, are continually pertinent inquiries 
(Wilkins, 2011). There have been efforts focused on implementing a more effective construction safety training 
program using different methods like personalized training programs or training with virtual reality devices 
(Jeelani et al., 2020). However, VR technology implementations generate potential risks for the user. For example, 
they don’t easily enable representing at-scale safety requirements in the VR environments for the users’ own 
exploration in training. Another possibility of risk is that VR applied to OSHA safety training may become a new 
source of distractions to users (Asish et al., 2022), impacting the intended outcome of training.  

Despite the widespread use of technologies in training (including VR and AR as interventions), methods that reveal 
the effectiveness of the technologies as training approaches are not incorporated into the training programs. For 
example, methodologies for assessments employ paper-based exams or supervised self-reports—which have 
considerable limitations— to determine subjects’ performance before and after the training program (Jeelani et al., 
2020). It is critical, therefore, to comprehensively assess the effectiveness of inventory training tasks with the use 
of technology by considering the individual characteristics of the trainee (technology user) as they factor or are 
subrogate into the overall performance. There is a need to find alternative methods to assess the efficacy and 
benefits of implementing safety training interventions due to individual differences and self-report methods' 
disadvantages—ranging from response bias, recall bias, and subjectivity to cultural and language barriers. The 
researchers anticipate that incorporating the users’ individual performance front and center might facilitate a 
smooth path to successful training programs. 
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The presented work uses Mixed Reality (MX) technologies. MX combines real and virtual worlds for the creation 
of environments where users can function and interact in the physical and virtual worlds. MX has facilitated the 
consolidation and analysis of activities in the physical space, such as in production processes involved in the 
manufacturing of goods or services—i.e., the activities for converting raw materials into finished products. The 
co-existing of real and virtual interaction allows connections and reactions between virtual objects and the physical 
space, undoubtedly facilitating the enhancement of the study of construction activities, including training programs 
in the industry. For example, by “moving” the construction site production activities into just a small physical 
space for training.  

This study presents a novel assessment method utilizing electroencephalography (EEG) technology. The EEG is 
used to measure electrical activity in the brain, which output data brings insights into the timing and nature 
(rhythms in brain activity across frequency bands— delta, theta, alpha, beta, and gamma) of the underlying 
cognitive processes. The presented research proposes the utilization of the EEG technique for safety training and 
problem-solving tasks. The method enables the automatic collection of data from individual trainees to study the 
effectiveness of training tasks. The approach collects the neural response when learners attempt to address 
challenges in training tasks under conditions of complexity, such as the cognitive effort involved in solving a 
question. By conducting an analysis of the EEG data, this technique provides information to assess the training or 
problem-solving tasks through cognitive load and attention degree analysis for individuals, providing information 
on which task the user performs well or has deficits. The outcome can easily correlate to individual differences 
(cognitive abilities such as memory, attention, perception, and problem-solving skills) to find the effectiveness of 
the overall training tasks. For example, what is the impact of attention deficits on particular training tasks?  

The presented study focuses on the problem-solving process in order to develop a more effective, precise, and 
unbiased approach to assessing performance in training.  

2. BACKGROUND 

Since the early 20th century, scientific studies using electroencephalography techniques have experienced a 
considerable evolution. Mainly these efforts involve the detection and analysis of minuscule electrical signals 
emanating from the human brain during its various activities (Sanei & Chambers, 2007). Electroencephalogram 
(EEG) signals are categorized into distinct power bands corresponding to various brain wave frequencies, 
facilitating the identification of different states or conditions of ongoing brain activity in humans (see Table 1) 
(Fernandez Rojas et al., 2020; Klimesch, 1999; Zietsch et al., 2007).  

Table 1: Frequency and statements of brain waves. 

Brain Waves Frequency (Hz) Statement 

Delta 0.5-4 Idling and sleep 

Theta 4-8 Mental fatigue and mental workload 

Alpha 8-13 Mental workload, cognitive fatigue, and attention or alertness 

Beta 13-30 Visual attention, short-term memory, and working memory 

The literature has established the meaning of spectral powers of various EEG waves and cortical locations in 
evaluating cognitive load during problem-solving tasks. Researchers observed an increase in the power of both 
theta and alpha bands as task difficulty escalated, suggesting a direct association between these bands and cognitive 
load (Sarailoo et al., 2022). More specifically, the augmentation of theta spectral power serves as an indicator not 
only of heightened task complexity but also of enhanced working memory capacity (Borghini et al., 2012). 
Additionally, the beta band can potentially serve as another indicator of cognitive load and working memory during 
tasks. In visual working memory tasks, there has been an observed augmentation in beta activity within the parieto-
occipital channels (Mapelli & Özkurt, 2019). 

Building on early definitions of attention from William James, in his book the Principle of Psychology, James 
states that attention “is the taking possession by the mind, in clear, and vivid form, of one out of what seems several 
simultaneously possible objects or trains of thought.”(James, 1890). As a condition of selective awareness, 
attention degree controls the quality of one's task-solving. Enhancing one's ability to regulate attention pertains to 
the domain of executive attention, also known as controlled attention. This cognitive process encompasses 
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functions such as planning, decision-making, and problem-solving (Fernandez-Duque et al., 2000). Executive 
attention refers to the cognitive ability to deliberately redirect one's focus from one task to another or to inhibit the 
processing of extraneous information. This study focuses on the focus degree, as known as the intensive of 
attention, as one of the layers of information that help with analyzing performance. To indicate the state of attention 
degree, delta, theta, and alpha waves are the most used (Kaushik et al., 2022).  

Multiple studies have documented an elevation in mid-frontal theta activity, a reduction in central and parietal 
delta activity, and a decrease in frontal and parietal alpha power during states of attention (Kaushik et al., 2022). 
Additionally, the relative magnitudes of spectral power across various waveforms can serve as an indicator of 
attention levels. As per the findings of the researchers, the attention ratio, referred to as the theta/beta ratio, 
possesses significant utility as an indicator for the analysis of attention. Moreover, it has been demonstrated by 
researchers that a robust association exists between attentional degree and the ratios of theta/beta, theta/alpha, and 
alpha/beta (Derbali & Frasson, 2011; Ghasemy et al., 2019; Hillard et al., 2013). More specifically, a larger ratio 
of alpha/beta indicates a more concentrated situation, in the meantime, there is a negative correlation between the 
ratio of theta/beta and the focus degree (Derbali & Frasson, 2011).  

While EEG is commonly associated with medical and neuroscience applications, it also has some interesting and 
potential applications in the field of construction. Applications like worker cognitive load or stress level monitoring 
could help to improve construction on-site workers’ health, well-being, and productivity (Jebelli et al., 2018; Saedi 
et al., 2022). The productivity of construction workers is not solely determined by their individual workload but is 
also greatly impacted by their emotional state, particularly when encountering hazardous work conditions or 
confined spaces. The utilization of wearable EEG headsets for monitoring the emotional state of on-site 
construction workers is a potential avenue for construction managers to enhance control and optimize the overall 
workflow of building projects (Hwang et al., 2018).  

Given that construction workers consistently operate under conditions of high stress and heavy workloads, the 
matter of safety is a critical domain that researchers seek to enhance. The studies on the EEG in the construction 
site may lead to the optimization of the construction safety programs. For example, assessing the on-site worker’s 
mental workload via EEG could help managers identify individuals who are not in their best mental status and 
better arrange human resources to reduce risk and hazards (Chen et al., 2016). On the other hand, ensuring that 
personnel remain focused on their hazardous tasks and that they are not easily distracted by external factors is 
consistently crucial. Wearable EEG devices promise to identify factors of distractions of construction workers in 
hazardous tasks and to improve construction site safety (Ke et al., 2021).  

In addition to calls for its application in on-site construction workers, EEG has been utilized in laboratory studies 
based on virtual reality (VR) to enhance the performance of building or construction environments. The utilization 
of virtual environments offers a valuable opportunity to replicate real-world scenarios. By incorporating EEG band 
power scalp mapping into machine learning models, it becomes possible to assess the authentic responses of 
individuals residing in a building space. This analysis can encompass several aspects, such as comfort, pathfinding, 
and spatial utilization (Zou & Ergan, 2023). Beyond the analysis of the fatigue level from EEG signals collected 
in the virtual environment, collected EEG data can help the development of new models to improve the prediction 
and prevention of construction fall hazards (Tehrani et al., 2022).   

3. METHODOLOGY 

The presented approach is a model for the performance and assessment of individual trainees’ problem-solving 
tasks implemented in an MX environment combined with an EEG headset. The MX environment will provide a 
virtual simulation of the training tasks, and the EEG headset will collect EEG signals for cognitive analysis on the 
problem-solving task. This research work employs the Theta (4-8Hz), Alpha (8-13Hz), and Beta (13-30Hz) 
frequency bands primarily to assess the cognitive load and attention levels exhibited during a problem-solving 
task.  

Subsequently, the provision of performance feedback entails the comprehensive processing of all collected data. 
The flow of the feedback methodology process is presented in Fig.1. Detailed steps will be discussed in the 
following sections. 
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Fig.1: Workflow of the problem-solving task performance feedback process. 

3.1 Subjects’ recruitment and OSHA safety training  

The experiments involve recruiting a sample of fifty individuals aged between 18 and 35 years old, who are 
enrolled in a university program with a background in civil and construction engineering. The experimental 
procedure will be conducted within a laboratory area measuring 5 meters by 5 meters.  

Upon enrollment in the experiment, participants are required to respond to a pre-test that will inform the knowledge 
of OSHA construction safety training. After the pre-test, subjects are required to watch the OSHA construction 
safety training video and then take the OSHA construction safety examination in a virtual environment after 
becoming familiar with the manipulation of the MX device. 

The OSHA construction safety training video refers to the selected OSHA construction regulations (Huang et al., 
2003; "Top 10 Most Frequently Cited Standards | Occupational Safety and Health Administration,"). Fig. 2 is an 
example of the applied OSHA construction standard. 

Fig.2: Example of an OSHA Construction Safety standard applied in this study.  

The current approach classified the selected construction OSHA standards for violation identification in the MX 
environment scene into three tiers. The tiers are designed based on the complexity of violation identification, 
meaning the user’s level of effort required—i.e., the complexity is related to the steps to determine the violation 
in a virtual scene. Table 2 presents the details of complexity tiers for violation of OSHA standard identification.  
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Table 2: Tiers and level of effort on OSHA standard violation identification in the virtual scene. 

Tiers Level of effort based on complexity of tasks for violation identification  

Tier 1 Direct visual contact with the objects. 

Tier 2 Need to search for information to infer a violation.  

Tier 3 Need to perform actions in to determine violations 

Tier 1 is applied to those violations that can be perceived through direct observation in scenes within the MX 
environment—i.e., there is minimum learner’s effort to perceive the visualizations (visual representations) that 
produce the stimulus for the learners’ identification of the violations. Within this tier, most of the violations could 
be identified by just a single observation of the virtual objects (visual representations). Typical examples for this 
tier are conditions that represent personal protection equipment through virtual objects (i.e., visual representation 
of the worker without properly using protection equipment). Tier 2 is for conditions in the scene that demand the 
user to search for information to infer the violations. The learners’ search for information is possible by triggering 
actions in the MX environment. The learner’s action for information search serves as an additional mediation 
mechanism for inference to determine violation (e.g., the learners’ virtual rotation of an extinguisher in the MX 
scene to determine the expiration date). Tier 3 complexity consists of additional actions for inference using virtual 
instruments to determine violations. Using instruments for inference implies an additional level of complexity, as 
other cognitive capabilities (spatial and reasoning abilities) are required to determine violation (e.g., displacing 
instruments to measure distances in the virtual space). An example of Tier 3 is the learner’s required action of 
using an instrument to calculate the distance that informs whether it’s a violation or not (e.g., the placement of a 
straight ladder against a wall).  

3.2 Problem-solving task design in the MX environment  

The design consists of creating an examination of on-site construction OSHA safety checks. The examination is 
framed as a problem-solving task to draw boundaries of complexity in the search space— the possible 
configurations, number parameters, and elements in the MX environment that impact the users’ decisions and 
courses of action.  

Users (learners, trainees) are required to review the compliance of safety standards of construction of small 
commercial buildings (3 stories distributed over 40,000 Sq ft) as a project engineer from a local subcontractor 
company. While wearing the MX device (Hololens 2), users are asked to inspect and label safety standards 
violations in the first story of the building within 10 minutes. Fig. 3(a) shows the MX ongoing construction site 
prototype. Fig. 3(b) shows a scene where the user is required to use an additional instrument within the MX 
environment to determine a violation, like the measuring tape within the problem-solving task. 

  

(a) Virtual construction site.  (b) Integrated virtual commands for labeling virtual 
objects.  

Fig. 3. Virtual environment for OSHA training. 

In order to facilitate unrestricted exploration of the entire construction site within a virtual environment, a 
navigation system was devised to enable virtual movements in the virtual world based on physical displacement 
in the real world (laboratory space). The navigation system allows unconstraint virtual displacements in the MX 
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environment. Due to the constraints on mobility in the physical environment, individuals are required to physically 
traverse the laboratory area in order to investigate and examine the construction site comprehensively. Instead of 
taking the examination totally virtually like a video game, this paper is trying to configure a balance between 
virtual and reality through this navigation system.  

3.3 Data collection  

The experiment design includes the collection of video, audio, and EEG data from a MX device and an EEG 
headset (see Fig.4(a) and 4(b)). The EEG data is collected from an OpenBCI Mark IV headset with a sampling 
rate of 125 Hz. The OpenBCI Mark IV headset includes 16 channels (with additional reference and ground 
electrodes in A1 and A2) placed on the subject’s scalp according to the international 10-20 system. This paper 
collects EEG signals by using all 16 channels (FP1, FP2, F3, F4, F7, F8, C3, C4, T7, T8, P3, P4, P7, P8, O1, and 
O2) as presented in Figs. 5(a), 5(b), and 5(c) (Homan et al., 1987; "Ultracortex Mark IV | OpenBCI 
Documentation,").  

  

(a) Mixed-reality and EEG device. (b) Subject wearing the combined headset. 

Fig. 4: MX with an EEG device integration. 

 

 

  

 

(a) Used channels in 10-20 system. (b) Channels numbering. (c) EEG heat map while example 
subject ongoing data collection. 

Fig. 5: Map of electrodes used in this paper’s EEG data collection process ("Ultracortex Mark IV | OpenBCI 
Documentation,"), and heat map example for EEG signal processing. 

During the implementation of the OSHA construction safety inspection, the researchers collect video, audio, and 
information on tagged violations by the subjects. All tagged violations will include the real timestamp information, 
which could help with synchronizing time stamps across different data streams and activities in the MX 
environment.  
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3.4 Post-processing  

A synchronization task follows. It consists of mapping the generated streams of data collected during the 
experiment with the real-time stamps associated with each technology device. The timestamps were used to 
identify the exact occurrence of violations during the experiments. Once violation occurrences are identified, the 
EEG data will be segmented into 20-second epochs for target sections (20 seconds before each incident violation 
was labeled or tagged). The researchers post-process EEG data in MATLAB (version 2023a) and the EEGLab 
toolbox (Delorme & Makeig, 2004). After importing raw EEG data and electrodes’ locations correspondingly, a 
FIR filter is applied to bandpass filter the EEG data to a frequency of 0.5-30 Hz to help to remove low-frequency 
drifts and power line noise. Artifacts from eye blinks and muscle movement were corrected by applying ICA in 
EEGLab (Winkler et al., 2014).  

The next steps are the extraction of features of theta (4–8Hz), alpha (8–13Hz), and beta (13–30Hz) to analyze and 
compare the mental cognitive load and attention degree across different levels of efforts.  

4. EXAMPLE OF DATA RESULTS AND DISCUSSION 

The current experimentations of the treatment and control groups are in progress. The following is an example of 
the typical experiment and data captured for one subject, including the data processing outcomes for the treatment 
group.  

The presented example shows an experiment with a subject of the treatment group who has never taken any OSHA 
construction safety-related training. The researchers asked the subject to take a personalized OSHA safety training 
session. Once the training session was finalized, the researchers asked the subject to be immersed in an MX reality 
ecosystem by wearing the MX and EEG devices. The immersive environment consists of a virtual construction 
site with multiple scenes and situations that present safety violations and hazardous conditions based on OSHA 
standards. Each violation fell into three different tiers of complexity. As an illustration, the violations’ type and 
complexity tier are presented in Fig. 6.  

  
(a) Easy-level complexity violations. (b) Mid-level complexity violations. 

 

(c) Hard-level complexity violations. 
Fig. 6. Example of complexity tier violations used in the experiment. 

CONVR2023

[237]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

237 

section A - extended reAlity technologies in construction



 

 

The easy-level complexity violations (like PPE violations) would only require subjects to visually be in contact 
with the virtual object to check and determine the violation. For mid-level complexity violations (like mobile 
scaffolding capacity violation), the subject needs first to be in contact with the virtual object (as a target virtual 
object with potential violation)—next, the subject searches for information to make inferences and verify a 
violation. For hard-level complexity violations (like suspension scaffolding capacity violations), the subject 
requires not only the awareness of an information search task to deduce a violation but also be involved in a 
reasoning task. The reasoning task demands constructs a free-body analysis of virtual objects. 

Fig. 7 (a) shows the result of cognitive load when the subject was experiencing different efforts associated with 
the tiers of complexity violations. As introduced in the previous sections, to analyze the cognitive load, the relative 
band power of Alpha and Theta was computed (Sarailoo et al., 2022). Based on the result, it can be concluded that 
to address the increasing complexity of tasks, individuals are required to exert a higher cognitive load to arrive at 
a solution. Furthermore, since the subject's cognitive load increased with the higher complexity levels when 
solving a task, it is possible to determine the dynamics of success and failure of each subject (cognitive dynamics 
of each subject). The dynamic enables the research to correlate the efficiency of the technology for training and 
individual differences in training tasks.  

  

(d) Cognitive load. (e) Attention degree (alpha, theta, and delta 
band). 

 

(f) Attention degree (ratio between theta and 
beta).  

Fig. 7. Data from cognitive processes from one subject involved in MX training task. 

To analyze the attention degree when subjects address solutions in problem-solving, the band power of mid-frontal 
theta, central and parietal delta, and frontal and parietal alpha were computed. Besides, the ratio between theta and 
beta was also included as an indicator (Derbali & Frasson, 2011; Kaushik et al., 2022). As presented in Fig. 7 (b) 
(c), with the increase of the task complexity, the related power band of the mid-frontal theta increases, and the 
central and parietal delta decreases, which indicates a better intense of attention was put into the problem-solving 
task. However, the relative band power of frontal and parietal alpha exhibited a little increase as the task complexity 
escalated, indicating a potential decline in attention levels during the problem-solving activity. Besides, the ratio 
between theta and beta was also not presented as the ideal model. This result may be caused by lost calibration or 
bad connections between some channels of EEG collecting headset and subject’s scalp. Drawing precise reasons 
on this issue is challenging due to the insufficient number of trials and subjects involved. 
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Nevertheless, by analyzing the cognitive load condition and the attention degree while the subjects were facing 
the problem-solving task, the researchers could infer that some mistakes made by the subject were not because of 
the inefficiency of the training program but due to loss of attention or the lack of ability to keep on a high cognitive 
load level for a long time. In this example, the subject stayed focused during the whole session and solved all three 
violations (presented in Fig.6) successfully. However, the presented example contains a short number of decisions 
with only simple construction scenes and a limited number of violations. It’s relatively easy to keep focused on 
the problem-solving task. For subjects who face a more complex scene and can’t solve all violations, the reason 
for the mistakes (i.e., performance on correct inferences to solve the problem) will become part of the analysis, 
including the effectiveness of the MX intervention for the training program.  

5.  CONCLUSION AND FUTURE WORK 

The presented research is a successful design and development of a method for the effectiveness of assessment 
safety training. The approach includes in its development the design and construction documents of the 
construction project site to build a virtual construction site. The information was used to build an MX environment 
for the learner’s self-exploration using a navigation system, enabling the learner to mimic the real workplace with 
the advantage of a mixed-reality device. The method uses EEG signals to estimate cognitive conditions that inform 
the users’ effort in decision-making while solving a problem relating to OSHA violation (i.e., virtual safety 
inspections in the MX environment). The technology consists of an MX device and a 16-channel EEG headset. 
Subjects could walk freely in the experimental space, as the portable EEG and mixed-reality devices allow them 
to collect the data wirelessly to a local network set for the experimentation. With the model developed, the 
researchers could successfully and accurately assess the subject’s cognitive load and attention levels while solving 
the construction safety-check problem. The outcome provides new and comprehensive information that helps to 
analyze the performance during learning and problem-solving. With the developed method, the researchers could 
overcome the bias from self-report evaluation or any paper-based test and get a comprehensive and personalized 
performance analysis. For future work, the researchers will model the effects of the cognitive load and attention 
degree analysis by applying machine learning algorithms for inference on the subjects’ behavior during problem-
solving tasks.  

6. ACKNOWLEDGMENT 
This material is based upon work supported by the National Science Foundation under Grants No. (2044444), 
2222870, and (2040422). Any opinions, findings, conclusions, or recommendations expressed in this material are 
those of the author(s) and do not necessarily reflect the views of the National Science Foundation. 

REFERENCES 

Asish, S. M., Kulshreshth, A. K., & Borst, C. W. (2022). Detecting distracted students in educational VR 
environments using machine learning on eye gaze data. Computers & Graphics, 109, 75-87. 
https://doi.org/10.1016/J.CAG.2022.10.007  

Borghini, G., Vecchiato, G., Toppi, J., Astolfi, L., Maglione, A., Isabella, R., Caltagirone, C., Kong, W., Wei, D., 
Zhou, Z., Polidori, L., Vitiello, S., & Babiloni, F. (2012). Assessment of mental fatigue during car driving by using 
high resolution EEG activity and neurophysiologic indices. Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society. IEEE Engineering in Medicine and Biology Society. Annual 
International Conference, 2012, 6442-6445. https://doi.org/10.1109/EMBC.2012.6347469  

Chen, J., Song, X., & Lin, Z. (2016). Revealing the “Invisible Gorilla” in construction: Estimating construction 
safety through mental workload assessment. Automation in Construction, 63, 173-183. 
https://doi.org/10.1016/J.AUTCON.2015.12.018  

Delorme, A., & Makeig, S. (2004). EEGLAB: an open source toolbox for analysis of single-trial EEG dynamics 
including independent component analysis. Journal of Neuroscience Methods, 134(1), 9-21. 
https://doi.org/10.1016/J.JNEUMETH.2003.10.009  

Derbali, L., & Frasson, C. (2011). Physiological evaluation of attention getting strategies during serious game play. 
Lecture Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes 
in Bioinformatics), 6738 LNAI, 447-449. https://doi.org/10.1007/978-3-642-21869-9_65/COVER  

CONVR2023

[239]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

239 

section A - extended reAlity technologies in construction



 

 

Fernandez-Duque, D., Baird, J. A., & Posner, M. I. (2000). Executive Attention and Metacognitive Regulation. 
Consciousness and Cognition, 9(2), 288-307. https://doi.org/10.1006/CCOG.2000.0447  

Fernandez Rojas, R., Debie, E., Fidock, J., Barlow, M., Kasmarik, K., Anavatti, S., Garratt, M., & Abbass, H. 
(2020). Electroencephalographic Workload Indicators During Teleoperation of an Unmanned Aerial Vehicle 
Shepherding a Swarm of Unmanned Ground Vehicles in Contested Environments. Frontiers in Neuroscience, 14, 
509340-509340. https://doi.org/10.3389/FNINS.2020.00040/BIBTEX  

Frank Moore, H., & Gheisari, M. (2019). A Review of Virtual and Mixed Reality Applications in Construction 
Safety Literature. Safety 2019, Vol. 5, Page 51, 5(3), 51-51. https://doi.org/10.3390/SAFETY5030051  

Ghasemy, H., Momtazpour, M., & Sardouie, S. H. (2019). Detection of Sustained Auditory Attention in Students 
with Visual Impairment. ICEE 2019 - 27th Iranian Conference on Electrical Engineering, 1798-1801. 
https://doi.org/10.1109/IRANIANCEE.2019.8786565  

Guo, H., Yu, Y., & Skitmore, M. (2017). Visualization technology-based construction safety management: A review. 
Automation in Construction, 73, 135-144. https://doi.org/10.1016/J.AUTCON.2016.10.004  

Hillard, B., El-Baz, A. S., Sears, L., Tasman, A., & Sokhadze, E. M. (2013). Neurofeedback training aimed to 
improve focused attention and alertness in children with ADHD: a study of relative power of EEG rhythms using 
custom-made software application. Clinical EEG and neuroscience, 44(3), 193-202. 
https://doi.org/10.1177/1550059412458262  

Homan, R. W., Herman, J., & Purdy, P. (1987). Cerebral location of international 10–20 system electrode 
placement. Electroencephalography and Clinical Neurophysiology, 66(4), 376-382. https://doi.org/10.1016/0013-
4694(87)90206-9  

Huang, X., Hinze, J., & Asce, M. (2003). Analysis of Construction Worker Fall Accidents. Journal of Construction 
Engineering and Management, 129(3), 262-271. https://doi.org/10.1061/(ASCE)0733-9364(2003)129:3(262)  

Hwang, S., Jebelli, H., Choi, B., Choi, M., & Lee, S. (2018). Measuring Workers’ Emotional State during 
Construction Tasks Using Wearable EEG. Journal of Construction Engineering and Management, 144(7), 
04018050-04018050. https://doi.org/10.1061/(ASCE)CO.1943-7862.0001506/ASSET/39CC5604-9C75-4146-
8C0A-F7A212977F86/ASSETS/IMAGES/LARGE/FIGURE8.JPG  

James, W. (1890). The Principles of Psychology. Henry Holt. https://doi.org/http://dx.doi.org/10.1037/11059-000  

Jebelli, H., Hwang, S., & Lee, S. H. (2018). EEG-based workers' stress recognition at construction sites. 
Automation in Construction, 93, 315-324. https://doi.org/10.1016/J.AUTCON.2018.05.027  

Jeelani, I., Han, K., & Albert, A. (2020). Development of virtual reality and stereo-panoramic environments for 
construction safety training. Engineering, Construction and Architectural Management, 27(8), 1853-1876. 
https://doi.org/10.1108/ECAM-07-2019-0391/FULL/XML  

Kaushik, P., Moye, A., Vugt, M. v., & Roy, P. P. (2022). Decoding the cognitive states of attention and distraction 
in a real-life setting using EEG. Scientific Reports 2022 12:1, 12(1), 1-10. https://doi.org/10.1038/s41598-022-
24417-w  

Ke, J., Zhang, M., Luo, X., & Chen, J. (2021). Monitoring distraction of construction workers caused by noise 
using a wearable Electroencephalography (EEG) device. Automation in Construction, 125, 103598-103598. 
https://doi.org/10.1016/J.AUTCON.2021.103598  

Klimesch, W. (1999). EEG alpha and theta oscillations reflect cognitive and memory performance: a review and 
analysis. Brain Research Reviews, 29(2-3), 169-195. https://doi.org/10.1016/S0165-0173(98)00056-3  

Mapelli, I., & Özkurt, T. E. (2019). Brain Oscillatory Correlates of Visual Short-Term Memory Errors. Frontiers 
in human neuroscience, 13. https://doi.org/10.3389/FNHUM.2019.00033  

Sacks, R., Perlman, A., & Barak, R. (2013). Construction safety training using immersive virtual reality. 
http://dx.doi.org/10.1080/01446193.2013.828844, 31(9), 1005-1017. 
https://doi.org/10.1080/01446193.2013.828844  

CONVR2023

[240]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

240 

CONVR 2023. PROCEEDINGS OF THE 23RD INTERNATIONAL CONFERENCE ON CONSTRUCTION APPLICATIONS OF VIRTUAL REALITY



 

Saedi, S., Fini, A. A. F., Khanzadi, M., Wong, J., Sheikhkhoshkar, M., & Banaei, M. (2022). Applications of 
electroencephalography in construction. Automation in Construction, 133, 103985-103985. 
https://doi.org/10.1016/J.AUTCON.2021.103985  

Sanei, S., & Chambers, J. (2007). EEG signal processing. 289-289. 
https://books.google.com/books/about/EEG_Signal_Processing.html?id=f44hLefOz6UC  

Sarailoo, R., Latifzadeh, K., Amiri, S. H., Bosaghzadeh, A., & Ebrahimpour, R. (2022). Assessment of 
instantaneous cognitive load imposed by educational multimedia using electroencephalography signals. Frontiers 
in Neuroscience, 16, 744737-744737. https://doi.org/10.3389/FNINS.2022.744737/BIBTEX  

Tehrani, B. M., Wang, J., & Truax, D. (2022). Assessment of mental fatigue using electroencephalography (EEG) 
and virtual reality (VR) for construction fall hazard prevention. Engineering, Construction and Architectural 
Management, 29(9), 3593-3616. https://doi.org/10.1108/ECAM-01-2021-0017/FULL/XML  

Top 10 Most Frequently Cited Standards | Occupational Safety and Health Administration. In. 

Ultracortex Mark IV | OpenBCI Documentation. In. 

Wilkins, J. R. (2011). Construction workers' perceptions of health and safety training programmes. Construction 
Management and Economics, 29(10), 1017-1026. https://doi.org/10.1080/01446193.2011.633538  

Winkler, I., Brandl, S., Horn, F., Waldburger, E., Allefeld, C., & Tangermann, M. (2014). Robust artifactual 
independent component classification for BCI practitioners. Journal of neural engineering, 11(3). 
https://doi.org/10.1088/1741-2560/11/3/035013  

Zietsch, B. P., Hansen, J. L., Hansell, N. K., Geffen, G. M., Martin, N. G., & Wright, M. J. (2007). Common and 
specific genetic influences on EEG power bands delta, theta, alpha, and beta. Biological Psychology, 75(2), 154-
164. https://doi.org/10.1016/J.BIOPSYCHO.2007.01.004  

Zou, Z., & Ergan, S. (2023). Towards emotionally intelligent buildings: A Convolutional neural network based 
approach to classify human emotional experience in virtual built environments. Advanced Engineering Informatics, 
55, 101868-101868. https://doi.org/10.1016/J.AEI.2022.101868  

 

CONVR2023

[241]

23° International Conference on Construction Applications of Virtual Reality
"MANAGING THE DIGITAL TRANSFORMATION OF CONSTRUCTION INDUSTRY"

241 

section A - extended reAlity technologies in construction


	title page
	copyright page
	Table of contents
	Conference Committee
	Organizing Institutions
	Foreword
	Daniel Napps, Markus König, Investigation of the Acceptance of Virtual Reality for Planning Decisions in Early Design Phases
	Christoph Blut, Tristan Kinnen, Jörg Blankenbach, Dirk Heidermann, Felix Schellong, Building Inspector XR: Streamlining Scan-to-BIM with Virtual and Mixed Reality  
	Corentin Coupry, Paul Richard, David Bigaud, Sylvain Noblecourt, David Baudry, The Value of Extended Reality Techniques to Improve Remote Collaborative Maintenance Operations: A User Study  
	Mario Wolf, Jochen Teizer, Creation and Acceptance of Low-Threshold Mobile Training on Sustainability in Construction  
	Mohamed Assaf, Rafik Lemouchi, Mohamed Al-Hussein, Xinming Li, A Collaborative Planning Model for Offsite Construction Based on Virtual Reality and Game Engines  
	Anthony Yusuf, Abiola Akanmu, Adedeji Afolabi, Homero Murzi, Prediction of Cognitive Load during Industry-Academia Collaboration via a Web Platform  
	Shahin Sateei, Mattias Roupe, Mikael Johansson, Transitioning from 2D to VR in Design Review – Resistance to Engagement  
	Mikael Johansson, Mattias Roupé, Mikael Viklund Tallgren, Collaborative Site Layout Planning Using Multi-Touch Table and Immersive VR  
	Eleonora D’Ascenzi, Vito Getuli, Irene Fiesoli, Application of Smart Technologies for Assessing Users’ Well-Being for Immersive Design Strategies: A State-of-the-Art Review  
	Girish Srivatsa Rentala, Yimin Zhu, Investigating the Ability of Immersive Virtual Environments to Facilitate Occupant Thermal State Data Collection Involving Face Masks  
	Leonardo Messi, Francesco Spegni, Massimo Vaccarini, Alessandra Corneli, Leonardo Binni, Seamless Indoor/Outdoor Marker-Less Augmented Reality Registration Supporting Facility Management Operations  
	Xiang Yuan, Qipei Mei, Xinming Li, Integrating Real-Time Object Detection into an AR-Driven Task Assistance Prototype: An Approach Towards Reducing Specific Motions in Therbligs Theory  
	Naotaka Sumida, Taira Ozaki, Satoshi Kubota, Dan Hiroshige, Yoshihiro Yasumuro, Visualization of Weather-Aware Ambient Heat Risks 
With Global Illumination in Game Engine  
	Ivan Mutis, Marina Oberemok, Nishanth Purushotham, Improving Sense-Making for Construction Planning Tasks Using Visual and Haptic Stimuli in Virtual Reality Environments  
	Kilian Speiser, Kepeng Hong, Jochen Teizer, Enhancing the Realism of Virtual Construction Safety Training: Integration of Real-Time Location Systems for Real-World Hazard Simulations  
	Roghieh Eskandari, Ali Motamedi, Visibility Enhancement of Crane Operators Using BIM-Based Diminished Reality  
	Khalid Amin, Grant Mills, Duncan Wilson, Karim Farghaly, Adapting BIM-Based AR Positioning Techniques to the Construction Site  
	Rafik Lemouchi, Mohamed Assaf, Mohamed Al-Hussein, Khaoula Boutouhami, Ahmed Bouferguene, Safety Training for Rigging Using Virtual Reality  
	Alessandra Corneli, Berardo Naticchia, Massimo Vaccarini, Alessandro Carbonari, Francesco Spegni, Application of Diminished Reality for Construction Site Safety Management  
	Monica Meocci, Alessandro Terrosi, Andrea Paliotto, Francesca La Torre, Irene Infante, Driving Simulator for Road Safety Design: A Comparison Between Virtual Reality Tests and In-Field Tests  
	Fadi Castronovo, Seyedreza Razavialavi, Abdullahi Abdulrahman, Mohammed Rayan Saiba, Pablo Martinez Rodriguez, Assessing Impacts of Immersive Virtual Reality-Based Design Reviews on Learners’ Self-Efficacy  
	Xuanchang Liu, Ivan Mutis, Cognitive Dynamics for Construction Management Learning Tasks in Mixed Reality Environments  
	Anthony Yusuf, Adedeji Afolabi, Abiola Akanmu, Johnson Olayiwola, Evaluation of Computer Vision-Aided Multimedia Learning in Construction Engineering Education  
	Marco Bragadin, Caterina Morganti, Pier Carlo Ricci, Emlyn Witt, Kalle Kähkönen, Puolitaival Taija, BIM-Based Open Learning Resources Repository for the Benedict Project  
	Aso Hajirasouli, Vito Getuli, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Towards a Digital Era in AEC Higher Education: Combining Theory and Technology to Develop and Deliver Architectural Master Classes  
	Caolan Plumb, Farzad Rahimian, Diptangshu Pandit, Hannah Thomas, Nigel Clark, A Framework for Realistic Virtual Representation for Immersive Training Environments.  
	Vito Getuli, Valentina Fornasari, Alessandro Bruttini, Tommaso Sorbi, Pietro Capone, Evaluation of Immersive VR Experiences for Safety Training of Construction Workers: A Semi-Qualitative Approach Proposal  
	Nana Akua Adu-Amankwa, Farzad Rahimian, Nashwan Dawood, Enhancing Collaboration with Blockchain-Enabled Digital Twins: Perspectives from Stakeholders in the Built Environment  
	Xuling Ye, Xingyu Tao, Jack C. P. Cheng, Markus König, Blockchain-BPMN Integrated Framework for Construction Management  
	Xingyu Tao, Xingbo Gong, Moumita Das, Yuqing Xu, Hao Liu, Jack Cp Cheng, Chengliang Zheng, Fast and Secure BIM Design Using Blockchain: An Example of Makeshift Hospital Project for COVID-19 Treatment in Hong Kong  
	Xingbo Gong, Xingyu Tao, Moumita Das, Helen H.L. Kwok, Jack C.P. Cheng, Integrating ESG Factors into Construction Projects: A Blockchain-Based Data Management Approach  
	Moumita Das, Xingyu Tao, Yuxing Xu, Jack C. P. Cheng, A Blockchain-Based Secure Submission Management Framework for Design and Construction Phases  
	Lingming Kong, Rui Zhao, Fan Xue, Zero-Knowledge Proof for Trusted Construction Management: A Preliminary Study of Adaptive Blockchain BIM Identity Authentication  
	Oluwatoyin Lawal, Nawari Nawari, Leveraging Smart Contracts in Building Information Modeling (BIM) for Unified Project Execution: A Theoretical Framework.  
	Mehrtash Soltani, Dohyeong Kim, Akeem Pedro, Jaehun Yang, Si Tran, Doyeop Lee, Chansik Park, iSafeIncentive: Transforming Construction Safety Culture through Blockchain Incentives  
	Franck Romuald Fotso Mtope, Sina Joneidy, Diptangshu Pandit, Farzad Rahimian, Multi-Aspectual Knowledge Elicitation for Procurement Optimization in a Warehouse Company  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, A Systematic Literature Review to Identify a Methodological Approach for Use in the Modelling and Forecasting of Capital Expenditure of Hyperscale Data Centres  
	Zhe Chen, Zhengting Guo, Fan Xue, A Value Stream Mapping Approach to the Identification of Lean Management Opportunities for Off-Site Construction Production: A Case of Reinforced Concrete Slabs  
	David King, Nadeeshani Wanigarathna, Keith Jones, Joseph Ofori-Kuragu, Bayes Theory as a Methodological Approach to Assess the Impact of Location Variables of Hyperscale Data Centres: Testing a Concept  
	Giuseppe Martino Di Giuda, Elisa Cacciaguerra, Francesco Paleari, Marco Schievano, Stefano Campi, Alessandro Tucci, University Asset Digitalization Guidelines: The Pilot Case of Politecnico di Milano Real Estate  
	Giuseppe Martino Di Giuda, Daniele Accardo, Paola Gasbarri, Silvia Meschini, Lavinia Chiara Tagliabue, Laura Scomparin, BIM-GIS and BI Integration for Facility and Occupancy Management of University Assets: The UNITO Pilot Case  
	Mattia Mangia, Carla Di Biccari, Mattias Roupé, Towards a Framework for Railway Network Assets Management Based on BIM/GIS Integration  
	Paola Federici, Daniela Julea, Sara Comai, Kavita Raj, Silvia Mastrolembo Ventura, Giuseppe Rigamonti, Giorgio Paolo Maria Vassena, Angelo Luigi Camillo Ciribini, Integration Between Enterprise Resource Planning and Building Information Modelling  
	Vincenzo Donato, Andrea Bongini, Marco Sparacino, Development of an Automated Workflow in the Field of Fire Prevention Using Building Information Modeling  
	Panos Karaiskos, Tulio Sulbaran, Data-Driven Construction and Operating Cost Decision Support Through Techno-Economic Analysis: Residential Case Study  
	Syed Haseeb Ahmad, Melissa Chan, Wei Yang, Hongyu Jin, Amirhossein Heravi, Building Information Modelling (BIM) for Construction Supply Chain: A Scientometric Analysis  
	Eleanor Hayden, Melissa Chan, David van Kan, Victor Arowoiya, Mohd. Amizan Mohamed, E-Procurement in the Australian Construction Industry: Benefits, Barriers, and Adoption  
	Bartu Kologlu, Deniz Artan, A Preliminary Investigation of Knowledge Management Tools for the Construction Sector  
	Suhyung Jang, Ghang Lee, Improving BIM Authoring Process Reproducibility with Enhanced BIM Logging  
	Nazi Soltanmohammadlou, Sara Rashidian, Carol K. H Hon, Robin Drogemuller, Sara Omrani, Towards Construction Safety Management Maturity Model in the Industry 4.0 Era: A State-of-the-Art Review  
	Silvia Mastrolembo Ventura, Sara Comai, Francesca Noardo, Kavita Raj, Angelo L.C. Ciribini, Integrated GeBIM Requirements Definition for Digital Building Permit  
	Ailin Zerafat, Emmanuel Daniel, Louis Gyoh, A Systematic Review of the Impacts of Digitalization on Project Management  
	Tulio Sulbaran, Evaluating the Comprehension of Construction Schedules of an Artificial Intelligence  
	Xinqi Liu, Jihua Wang,  Ruopan Huang, Wei Pan, Multi-Robot Federated Edge Learning Framework for Efficient Coordination and Information Management in Smart Construction  
	Jochen Teizer, Kepeng Hong, Asger D. Larsen, Marcus B. Nilsen, Robotic Assembly and Reuse of Modular Elements in the Supply Chain of a Learning Factory for Construction and in the Context of Circular Economy  
	Efraim Ljung, Mikael Viklund Tallgren, Mattias Roupe, Mikael Johansson, Identifying and Developing Prerequisites for Takt Planning in a BIM-Based Construction Process  
	Pavan Kumar, Aritra Pal, Yun-Tsui Chang, Shang-Hsien Hsieh, FCM-Enabled Approach for Investigating Interdependencies of BIM Performance Factors in the Sustainable Built Environment  
	Xiao Han, Cheng-Hsuan Yang, Yuxiang Chen, Alejandra Hernandez Sanchez, A Robotic Method to Insert Batt Insulation into Light-Frame Wood Wall for Panel Prefabrications  
	Mehdi Keshtkar, Emmanuel Daniel, Louis Gyoh, The Impacts of Digital Fabrication on the Construction Industry: A Systematic Review  
	Keyur Joshi, Angelina Aziz, Philip Dietrich, Markus König, Efficient Data Curation Using Active Learning for a Video-Based Fire Detection  
	Dai Quoc Tran, Yuntae Jeon, Seongwoo Son, Minsoo Park, Seunghee Park, Identifying Hazards in Construction Sites Using Deep Learning-Based Multimodal with CCTV Data  
	Minsoo Park, Seungsoo Lee, Woonggyu Choi, Yuntae Jeon, Dai Quoc Tran, Seunghee Park, Deep Learning-Based Pose Estimation for Identifying Potential Fall Hazards of Construction Worker  
	Seungsoo Lee, Seongwoo Son, Pa Pa Win Aung, Minsoo Park, Seunghee Park, Deep Learning Based Pose Estimation of Scaffold Fall Accident Safety Monitoring  
	Peter Kok-Yiu Wong, Synge C. P. Lam, Isabel Y. N. Lee, Felix C. L. Ting, Jack C. P. Cheng, Pak Him Leung, Predictive Safety Monitoring for Lifting Operations with Vision-Based Crane-Worker Conflict Prediction  
	Tomu Muraoka, Satoshi Kubota, Yoshihiro Yasumuro, Localizing and Visualizing the Degree of People Crowding with an Omnidirectional Camera by Different Times  
	Syed Farhan Alam Zaidi, Rahat Hussain, Muhammad Sibtain Abbas, Jaehun Yang, Doyeop Lee, Chansik Park, iSafe Welding System: Computer Vision-Based Monitoring System for Safe Welding Work  
	Muhammad Sibtain Abbas, Aqsa Sabir, Nasrullah Khan, Syed Farhan Alam Zaidi, Rahat Hussain, Jaehun Yang, Chansik Park, Computer Vision-Based Monitoring Framework for Forklift Safety at Construction Site  
	Hakan Bayer, Benedikt Faltin, Markus König, Automated Extraction of Bridge Gradient from Drawings Using Deep Learning  
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Predicting Mental Workload of Using Exoskeletons for Construction Work: A Deep Learning Approach  
	Aqsa Sabir, Rahat Hussain, Syed Farhan Alam Zaidi, Akeem Pedro, Mehrtash Soltani, Dongmin Lee, Chansik Park, Utilizing 360-Degree Images for Synthetic Data Generation in Construction Scenarios  
	Ahmet Esat Keser, Onur Behzat Tokdemir, Machine Learning-Based Construction Planning and Forecasting Model  
	Sven Zentgraf, Sherief Ali, Markus König, Concept for Enriching NISO-STS Standards with Machine-Readable Requirements and Validation Rules  
	Ori Ashkenazi, Shabtai Isaac, Alberto Giretti, Alessandro Carbonari, Dilan Durmus, Transforming Building Industry Knowledge Management: A Study on the Role of Large Language Models in Fire Safety Planning  
	Zhengyi Chen, Changhao Song, Xiao Zhang, Jack Cheng, Scheduling Optimization of Electric Ready Mixed Concrete Vehicles Using an Improved Model-Based Reinforcement Learning  
	Yuan Zheng, Olli Seppänen, Sebastian Seiß, Jürgen Melzner, Testing ChatGPT-Aided SPARQL Generation for Semantic Construction Information Retrieval  
	Si Tran, Nasrullah Khan, Emmanuel Charles Kimito, Akeem Pedro, Mehrtash Sotani, Rahat Hussain, Taehan Yoo, Chansik Park, Extracting Information from Construction Safety Requirements Using Large Language Model  
	Cassia De Lian Cui, Antonio Fioravanti, Edoardo Currà, Davide Simeone, Stefano Cursi, Modelling and Managing Built Heritage Knowledge: An Ontology-Based Approach for Multi-Layered Archaeologies and Historical Production Process Representation  
	Maria Laura Leonardi, Stefano Cursi, Daniel V. Oliveira, Miguel Azenha, Elena Gigliarelli, Linked Data for the Categorization of Failures Mechanisms in Existing Unreinforced Masonry Buildings  
	Chanachok Chokwitthaya, Yimin Zhu, Weizhuo Lu, Virtual Human-Building Interaction Experimentation Ontology (VHBIEO): A VHBIEO-Based Metadata-Driven Exploration  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Maria Grazia Donatiello, Carlo Zanchetta, Consistency Verification Between Cost and Geometric Information Based on IFC: Application on Structural Elements  
	Jacopo Cassandro, Claudio Mirarchi, Alberto Pavan, Andrea Zamborlini, Carlo Zanchetta, Semantic Web Based Integration Between BIM Cost and Geometric Domains  
	Sebastian Seiß, Markus Boden, Jürgen Melzner, Yuan Zheng, Delval Thibaut, Rayan El Chamaa, Ontology-Based Construction Inspection Planning: A Case Study of Thermal Building Insulation  
	Chiara Gatto, Maryam Gholamzadehmir, Marta Zampogna, Claudio Mirarchi, Alberto Pavan, An Automated Framework for Ensuring Information Consistency in Price List Tendering Document  
	Karim Farghaly, Khalid Amin, Grant Mills, Duncan Wilson, Enhancing Interactions in Augmented Reality for Construction Sites: Introducing the Archi Ontology  
	Roy Lan, Tulio Sulbaran, A Review of Computer Vision-Based Progress Monitoring for Effective Decision Making  
	Apostolia Gounaridou, Evangelia Pantraki, Vasileios Dimitriadis, Athanasios Tsakiris, Dimosthenis Ioannidis, Dimitrios Tzovaras, Semi-Automated Visual Quality Control Inspection During Construction or Renovation of Railways Using Deep Learning Techniques 
	Benedikt Faltin, Damaris Gann, Markus König, A Comparative Study of Deep Learning Models for Symbol Detection in Technical Drawings  
	Haritha Jayasinghe, Ioannis Brilakis, Topological Relationship Modelling for Industrial Facility Digitisation Using Graph Neural Networks  
	Mingkai Li, Peter Kok-Yiu Wong, Cong Huang, Jack Chin-Pang Cheng, Indoor Trajectory Reconstruction Using Building Information Modeling and Graph Neural Networks  
	Marco Lorenzo Trani, Federica Madaschi, Image Segmentation Applied to Urban Surface and Aerial Constraints Analysis  
	Youngjin Yoo, Hyun Jeong, Youngchae Kim, Seung Hyun Cha and Jin-Kook Lee, Generative Design Intuition from the Fine-Tuned Models of Named Architects’ Style  
	Hayoung Jo, Sumin Chae, Su Hyung Choi, Jin-Kook Lee, Planning Alternative Building Façade Designs Using Image Generative AI and Local Identity  
	Fangli Hou, Jun Ma, Jack Cheng, Helen Kwok, Early Detection and Reconstruction of Abnormal Data Using Hybrid VAE-LSTM Framework  
	Sumin Chae, Hayoung Jo, Bomin Kim, Jin-Kook Lee, Reflecting Users’ Physical Characteristics in Spatial Visualization  
	Hyun Jeong, Youngchae Kim, Youngjin Yoo, Seunghyun Cha, Jin-kook Lee, Gen AI and Interior Design Representation: Applying Design Styles Using Fine-Tuned Models  
	Bomin Kim, Sumin Chae, Youngjin Yoo, Jin-Kook Lee, Early Visualization Approach to the Generative Architectural Simulation Using Light Analysis Images  
	Liu Yang, Boyu Wang, Jack C.P. Cheng, Peipei Liu, Hoon Sohn, Real-Time Geometry Assessment Using Laser Line Scanner During Laser Powder Directed Energy Deposition Additive Manufacturing of SS316L Component with Sharp Feature  
	Youngsun Chung, Daeyoung Gil, Ghang Lee, Optimal Number of Cue Objects for Photo-Based Indoor Localization  
	Stefano Cascone, Integrating Green Roofs into Building Information Modeling (BIM): A Computational Approach for Sustainable Building Design  
	Milad Katebi, Mani Poshdar, Mostafa Babaeian Jelodar, Morteza Zihayat, Enhancing Disaster Resilience Studies: Leveraging Linked Data and Natural Language Processing for Consistent Open-Ended Interviews  
	Gregorius A. Sentosa, Agung Fajarwanto, Amy R. Widyastuti, Achmad Luthfi Naufal, Ni Putu Pande Dhea, Abdul Rahman Kadir, Muhammad Yunus Amar, Engineering Analysis Impact on Carbon Emission Reduction of an Infrastructure Project: A Case Study of Semantok D
	Carlo Zanchetta, Martina Giorio, Maria Grazia Donatiello, Federico Rossi, Rossana Paparella, Solar Potential and Energy Assessment Data in U-BEM Models: Interoperability Analysis Between Performance Simulation Tools and OpenBIM/GIS Platforms  
	Aya Ali Shihata, Mohamed Anwar Fekry, Wessam Hamdy Abbas, Implementation of Building Information Modeling (BIM) for Economic Sustainable Construction Minimizing Material Waste in Terms of Value Engineering  
	Aritra Pal, Yun-Tsui Chang, Chien-Wen Chen, Chen-Hung Wu, Pavan Kumar, Shang-Hsien Hsieh, Building Rooftop Analysis for Solar Panel Installation Through Point Cloud Classification - A Case Study of National Taiwan University  
	Yikun Yang, Yiqun Pan, Georg Suter, Semi-Automatic Workflow for Air-Conditioning System Zoning and Simulation  
	Dragana Nikolic, Ian Ewart, Going Beyond Energy Consumption: Digital Twins for Achieving Socio-Ecological Sustainability in the Built Environment  
	Nnaemeka Nwankwo, Ezekiel Chinyio, Emmanuel Daniel, Louis Gyoh, Application of the Internet of Things (IoT) for Energy Efficiency in Buildings: A Bibliometric Review.  
	Jiajia Wang, Geoffrey Qiping Shen, Fan Xue, Carbon Tracking in the Building Sector: A ‘CABBAGE’ Framework  
	Elena Imani, Huda Dawood, Nashwan Dawood, Annalisa Occhipinti, Retrofitting of Buildings to Improve Energy Efficiency: A Comprehensive Systematic Literature Review and Future Research Directions  
	Carlo Biagini, Alberto Aglietti, Andrea Bongini, A BIM-Based Approach to the Management of Historic Bridges  
	Nobuyoshi Yabuki, Tomohiro Fukuda, Ryu Izutsu, As-Built Detection of Structures by the Segmentation of Three-Dimensional Models and Point Cloud Data  
	Stefano Tagliatti, Marco Alvise Bragadin, Fire Safety Engineering: The Computational Simulation of the Escape in a Historic Building in Bologna  
	Shirin Malihi, Frederic Bosche, Martin Bueno Esposito, Quantifying the Confidence in Models Outputted by Scan-To-BIM Processes  
	Nao Hidaka, Naofumi Hashimoto, Tetsuya Nonaka, Makoto Obata, Kazuya Magoshi, Ei Watanabe, Construction of a Practical Finite Element Model from Point Cloud Data for an Existing Steel Truss Bridge  
	Carlo Biagini, Alberto Aglietti, Luca Marzi, Andrea Bongini, A BIM-Based Framework for Facility Management Data Integration in Heritage Assets  
	Wafa Bounaouara, Louis Rivest, Antoine Tahan, Combining Large-Scale 3D Metrology and Mixed Reality for Assembly Quality Control in Modular Construction  
	Cecilia Maria Roberta Luschi, Alessandra Vezzi, Building’s Twin Reconstruction  
	Alessandro Bruttini, Philipp Hagedorn, Felix Cleve, Vito Getuli, Pietro Capone, Markus König, A Semantic Digital Twin Prototype for Workplace Performance Assessment  
	Modupe Sobowale, Faris Elghaish, Tara Brooks, A Systematic Review of Digital Twin as a Predictive Maintenance Approach for Existing Buildings in the UK  
	Rizky Agung Saputra, Agung Fajarwanto, Amy Rachmadhani Widyastuti, Sari Gita Wardani, Danang Aris Munandar, Herdy Setiawan, Abdul Rahman Kadir and Amar Muhammad Yunus Amar, Project Management Information System (PMIS) Dashboard as a Digital Twin to Enhanc
	Abiola Akanmu, Adedeji Afolabi, Akinwale Okunola, Human-in-the-Loop Digital Twin Framework for Assessing Ergonomic Implications of Exoskeletons  
	Alessandra Corneli, Marianna Rotilio, Urban Centres Management: A Digital Twin Approach  
	Chady Elias, Raja Issa, Digital Twins for Smart Decision Making in Asset Management

