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Abstract: 

In the construction industry, professionals are required to have advanced problem-solving skills to 

adeptly handle the dynamic challenges inherent to project execution. These skills are crucial, as 

they enable professionals to effectively navigate the complexities and unpredictability of 

construction projects, ensuring timely and cost-effective completion. This paper explores an 

innovative approach to enhance the problem-solving skills of construction students through the 

integration of conversational AI-based serious games into their educational curriculum. The 

objective of this research was acquired by following three phases: hazard interaction, problem 

identification, and AI-guided text-based communication. This approach creates an engaging 

learning environment, simulating real-world construction challenges and problems, focusing on 

the excavation phase of a construction project as a case study for students to interact with and 

communicate with the Conversational AI agent through text-based prompts. In the future, the 

proposed study can be used to evaluate how AI agents can help enhance problem-solving skills by 

promoting emotional engagement among participants. This research sheds light on the potential of 

integrating conversational AI in education, providing valuable insights for educators designing 

construction management training programs by underscoring the importance of engagement in 

real-world problem-solving scenarios. 
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1. Introduction and Background: 

The construction industry, known for its dynamic and often hazardous environments, requires 

robust problem-solving skills from its professionals [1]. This becomes especially critical when 

interacting with potential hazards and identifying problems that may arise on construction sites. 

Traditional methods, such as lectures and theoretical instruction, which offer foundational 

knowledge for developing problem-solving skills, have been found to be inadequate in preparing 

students for the real-world challenges of the construction industry [2]–[4].  Consequently, 

researchers have explored alternative strategies to enhance these skills, including gamification, 

case studies (detailed examination of a particular case within a real-world context), role-playing 

exercises, and simulation-based learning [5]–[7].  

Among these approaches, gamification has emerged as a promising method to enhance problem-

solving skills in construction students [8]. Through the incorporation of game elements, such as 

virtual environments, into educational frameworks, instructors can craft immersive learning 

experiences that simulate hazard identification and mitigation scenarios [9], [10]. A key 

component of gamification, serious games, has gained traction for its ability to blend entertainment 

with educational objectives, thereby fostering deeper learning and skill development [11], [12].  

Serious games encompass a wide range of interactive media designed to convey educational 

content while maintaining an engaging, game-like format. Originating from the broader concept 

of gamification, serious games have evolved to address specific learning objectives across various 

domains, including healthcare, business, and education [13]–[15]. Within the realm of construction 

management education, serious games offer a compelling platform for students to identify 

problems associated with particular hazards and solutions to mitigate those hazards within a safe 

and controlled environment [16]. 

Furthermore, providing students with guidance within the gaming environment can lead to more 

effective learning outcomes [17], [18]. However, the gamification approach often lacks 

personalized and adaptive feedback, highlighting the need for communication-based guidance to 

deliver customized support and to augment the overall learning experience. For this purpose, 

Conversational AI is a promising solution which can be integrated into serious games to mark a 

significant advancement in the educational approach [19]. Conversational AI, also known as 

virtual agents, leverages natural language processing techniques to facilitate interactive 

communication between users and AI systems [20]. By integrating conversational AI into serious 

games, students can engage in simulated conversations to identify hazards and explore potential 

solutions, thereby sharpening their problem-solving skills.  

This paper proposes an educational system that incorporates conversational AI-based serious 

games into the construction curriculum. This research aims to offer students a more engaging and 

effective way to develop the crucial skills needed for hazard interaction and problem identification 

in construction projects. Drawing upon insights from literature and educational theory, the 

proposed approach seeks to create an immersive learning environment wherein students interact 

with AI-guided prompts to recognize and address construction-related hazards. Through text-
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based communication with the AI agent, students can engage in collaborative problem-solving 

exercises aimed at mitigating potential risks. In the manuscript, Section 2 examines the technical 

implications of the research, including system development, Smart Knowledge Training of 

Conversational AI NPC, and gaming framework as key subsections. Following this, Section 3 and 

4 encompasses a thorough discussion and conclusion of the proposed research respectively. 

2. Technical Implementation: 

2.1.System Development 

The development of serious games was motivated by the objective of incorporating conversational 

AI to enrich the training process for construction students. The content was meticulously crafted 

in accordance with the situated cognition learning theory, a widely recognized framework that 

underscores the acquisition of knowledge and skills through interactive engagement with 

conversational AI [21]. 

The mentioned theory was adopted to develop realistic construction scenarios fostering clear 

communication within specific contexts [22]. In response to the urgent safety concerns and high 

accident rates, the focus was directed towards designing scenarios related to excavation hazards. 

These scenarios were particularly aimed at tasks involving excavators, recognized as risky within 

the construction industry.  

Hence, the proposed system offers students a platform within the virtual environment to effectively 

interact with hazards and identify problems within the environment. They can approach AI NPCs 

with the help of chatbots designed within the virtual system for assistance with their queries and 

engage in constructive conversations, thereby enhancing their problem-solving skills. Figure 1 

illustrates the architecture of a text-based conversational interface between students and an AI 

NPC. This architecture is designed such that when a student poses a query, it is transmitted directly 

to the AI platform for processing. This query, serving as user input, is then relayed to the 

underlying database for evaluation. Subsequently, the processed query is relayed back to the AI 

platform, now as an output tailored for the user. This output is subsequently displayed on the 

chatbot interface as a response from AI NPC in textual form, completing the interaction cycle.  

 

 

Figure 1: Chatbot Architecture 
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To develop the system, a pre-existing 3D virtual construction site from the Sketchfab Marketplace 

was employed for an immersive simulated construction environment to offer a realistic depiction 

of a construction site within the virtual domain. Furthermore, additional virtual 3D objects, 

including buildings, construction equipment, and items associated with excavation hazards, were 

either procured from the Unity Asset Store or generated using Blender 3.5 software. These 

components were seamlessly integrated within the Unity Game Engine (Version: 2021.3.16f1) to 

facilitate a cohesive and interactive construction training experience. Moreover, authentic 

construction machinery sounds and site noises were simulated to replicate the auditory ambiance 

of an actual construction site.  

Continuing, the process of developing artificial intelligence non-playing characters (NPCs) within 

the virtual environment for training construction students relied on utilizing the Ready Player Me1 

(RPM) platform. The AI NPC was imported into the virtual environment with the help of RPM 

plugin. Following this, to facilitate the smart knowledge training of the AI NPC, the Convai2 

platform by NVIDIA was utilized. This platform assigns a distinctive identifier (ID) to each AI 

NPC created, facilitating their smooth integration into the gaming platform alongside the specific 

avatar designated for integration as shown in Figure 2.  

 

 

 

2.2.Smart Knowledge Training of Conversational AI NPC  

In this section, the process unfolds as: Users initiate a query, which is directly forwarded to the 

database on the Convai platform. This database cross-references the character history, a repository 

structured according to specified character requirements for AI NPCs. Additionally, to provide 

comprehensive responses, a knowledge bank exclusively comprising .text, .pdf, and .docs files, 

designated for the smart knowledge training of AI NPC, is utilized. Information from the 

knowledge bank is retrieved to augment the responses of the character, subsequently returned to 

 
1 https://readyplayer.me/ 
2 https://convai.com/ 

Figure 2: Architectural Framework for Hazard Recognition and Communication with AI NPC 

in Construction Education 
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the database for query evaluation. The database then analyzes the query of the user and furnishes 

a response tailored to the inquiry of the user (Figure 3). 

The incorporation of conversational AI NPCs, facilitated by platforms such as Convai and Ready 

Player Me avatars, introduces an interactive dimension to the learning process. Through text-based 

interactions, students can ask for assistance, make inquiries, and receive guidance from AI NPCs, 

thereby enriching their problem-solving abilities in construction-related scenarios. This 

functionality heavily relies on smart knowledge training process for effective communication and 

response generation from Conversational AI.  

 

 

2.3. Gaming Framework: 

 

To effectively address the three distinct phases - hazard interaction, problem identification, and 

AI-guided communication as elaborated in Figure 2- the proposed research necessitates that 

students enter in a virtual simulated environment. This environment is designed for active 

engagement and interaction with construction hazards. Specifically, students encounter activity 

scenarios involving excavation hazards, where risks such as fall from height are prominently 

featured. To mitigate these hazards, students can consult the AI NPC for potential solutions in the 

third phase of AI-guided communication. The AI NPC offers multiple options, fostering critical 

thinking and decision-making skills among students. They can assess the effectiveness, feasibility, 

and safety implications of each solution before making an informed choice. 

Following the selection of a solution, students can seek guidance from the AI NPC on its 

implementation at the jobsite to mitigate potential damage by verifying the availability of 

necessary resources. If these resources are accessible, students can proceed to implement the 

chosen solution for hazard mitigation. Conversely, if the resources are not available – a scenario 

that falls under the problem identification phase – students are required to recheck the available 

solutions. This iterative process, along with the communication with the AI NPC, is 

comprehensively depicted in Figures 4 and 5 respectively. This personalized approach aids 

Figure 3: Framework Design for smart knowledge training of AI NPC  

1224



students in comprehending the rationale behind each solution and learning to apply it effectively 

in practical contexts. Moreover, the problem-solving skills honed within the proposed VR 

environment can directly be transferable to real-world construction settings. Students can acquire 

hands-on experience in hazard identification, risk assessment, and safety management, all of which 

are indispensable competencies in the construction industry. 

 

 

 

Figure 4: Interaction between AI NPC and Construction Students Focusing on Identifying and 

Addressing Construction Hazards 
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3. Discussion: 

This proposed approach overcomes the lack of practical hazard interaction and problem-solving 

training in conventional construction education. Leveraging serious games grounded in situated 

cognition learning theory, it provides an immersive experience beyond traditional classroom 

methods, as evidenced by research showing the effectiveness of serious games in enhancing safety 

training [16]. The simulation of real construction sites in virtual environments through serious 

games is key to develop enhanced learning and problem-solving skills in construction students 

[23].  

Incorporating conversational AI NPCs into these virtual gaming environments adds a layer of 

interactivity, essential for fostering skills such as problem-solving, communication, and critical 

thinking. These AI NPCs act as guides and facilitators within the game, improving communication 

Figure 5: Flowchart of Hazard Interaction, Problem Identification, and Hazard Mitigation. 

1226



and decision-making capabilities of students. Interaction with AI characters exposes students to 

diverse problem scenarios, fostering an enriched understanding and response mechanism to typical 

construction site challenges. Moreover, serious games have shown significant potential in 

educational settings, influencing mood and engagement of learners [24]. By blending 

conversational AI with serious games, this method provides an engaging way for students to 

acquire essential skills, highlighting the importance of innovative educational tools in higher 

education.  

4. Conclusion 

This research has established a foundational step in the development of a conversational AI-based 

serious game for construction education. The developed system aims to promote active learning 

and the development of practical and problem-solving skills as well as emotional engagement 

which is essential for construction professionals. For the future, a comprehensive evaluation to 

assess the effectiveness of the system in real educational settings is needed, which will pave the 

way for the success of this research. This study is a testament to the potential of integrating 

advanced AI technologies into construction education and training, paving the way for future 

research and development in this field. As the construction industry progresses, the methods used 

to educate its future leaders must also advance, incorporating innovative, effective, and engaging 

educational experiences.  
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