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Industry 3.0 and 4.0 have shown the integral use of information technology (IT) in various fields
including the construction industry and academia. Recently, artificial intelligence (AI) tools crept in
and so the academia embraced it in ways that needed to be productive in the learning efforts.
Specifically, ChatGPT made everyone rethink how to engage with the tool positively as plagiarism
issues were rife. Therefore, this research examined the use of Al tools among students in the
construction safety course with the objective of determining the use of ChatGPT in answering
assignments towards student grades. A survey questionnaire was distributed to 50 students about
using Al tools such as ChatGPT in assignments. Data gathered were analyzed using SAS on Demand.
Results showed that most students were aware of ChatGPT, and they used it in answering various
assignments, especially writing assignments. It was recommended that the course assignments be
revised to reflect effective use of Al tools for future courses. This research contributed to the overall
body of research and knowledge related to Al use in academia and the construction industry.
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Introduction

According to the Global Construction Report 2030, the construction industry is expected to grow by
about 90% to $20 trillion worldwide by 2030 with US and China as leaders (Sharma and Gupta, 2025;
Robinson, 2025). This growth comes with many challenges especially in the field of construction
safety where many fatalities are recorded every year (Lee et al., 2025).

According to the recent statistics, the United States Bureau of Labor Statistics (2023) reported
construction fatalities to be 1056. An increasing fatality rate was shown from 12.3-13.0 deaths per
100,000 full-time equivalent employees during the year 2022-23, which was about 5 times higher than
the reports from non-construction industry sectors. Feng et al. (2015) noted that the problems arising
from construction injuries could result in 5-10% of project cost which could deter project success.

To prevent the construction injuries/accidents from happening and reducing the eventual economic
losses to the dynamic workforce, there is need for improved ways to enhance construction project
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safety observances. Current practices such as job hazard/safety and environmental analysis, hazard
registers have been in use due to their proven performance and effectiveness as reported by safety
managers’ practical tools (Choi and Koo, 2023) but there seems to be a gap in their usages across the
construction safety environment. Could a good construction site safety program be the solution?

Innovative approach to safety management system has seen a rise in the application of artificial
intelligence (Al) technology in the construction safety environment. Adopting Al into safety
management presents avenues for improved functionalities for instant construction risk identification,
prediction of accidents, and streamlining processes for better safety indices (Fagarasian, 2025; Vemuri
et al., 2022). Arising technologies for improving construction safety such as smart cameras, Internet
of things (IoT), sensors, and drones enable continuous monitoring of project sites for better accident
prevention measures (Fagarasian, 2025; Vemuri et al., 2022). Al is a part of these technologies, and
they work in togetherness for better project safety outcome.

Adopting Al technologies in the construction field means that the academic field is also affected as
much because students must master the art and science of the technologies for their eventual
applications in the construction industry. In as much as Al tool (i.e., ChatGPT) was abhorred in the
academic setting when it first came into use by students, it later gained traction as was shown in the
USA (Novac, 2023). In fact, some schools clearly banned the use of Al in their course work but with
the developments over time, it later became acceptable tool to be used in academic settings. A specific
case was in New York public school system rejecting ChatGPT in January 2023 and then accepting it
three months later (Novac, 2023). As such, Al has formed the everyday buzzword for everyone in
both academic and construction field. The idea is to use it constructively rather than destructively
where you make Al do the work for you and replacing human thinking or intelligence rather than
making human thinking supreme in anything requiring good output.

In the academic setting, the use of Al tools has been encouraged for positive uses where students have
been advised to use Al tools for idea gathering (for example) for better understanding and synthesis of
information. But this has not been the case and there seems to be a lag in this phase. Thus, this
research examined the use of Al tools among students in the construction safety course with the
objective of determining the use of ChatGPT in answering the assignments towards their semester
grades. Most importantly, it assessed the level by which students used Al tools in assignments which
included tests, homework, and a semester project which was a site-specific safety plan project which
mimicked the construction industry approach to enhancing safety in jobsites.

Literature review section follows and it addressed Al specifically by defining it and its application in
construction safety with special focus on ChatGPT in academic setting.

Literature Review
Defining Artificial Intelligence (Al)

Various studies have examined the use of Al tools in construction safety with the goal of lowering
occupational risks and enhanced jobsite safety and security (Lee et al., 2025; Cheng et al., 2025). In
various research, Al had been defined as a field of computer science that deals with creating smart
machines that perform roles that are meant for human intelligence such as experiential learning,
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recognizing patterns, understanding natural language, otherwise called natural language programing
(Sharma and Gupta, 2025), and also involves robotics, computer vision (CV) and knowledge based
systems (Rabbi and Jeelani, 2024). The process involves machine learning which is training
algorithms to learn from data and predict outcomes. Such can be used in project planning to inform
costs, schedules, estimates and safety in ways that significantly impact project outcomes (Ellis, 2025).
Awuzie and Moghayedi (2024) and Obi et al. (2025) refers to Al as simulated human intelligence in
machines that are programmed to find solutions, think, learn and act like people. Al has also been
defined as the ability of machines to learn, make decisions, and perform tasks that are usually
accomplished through human intelligence and the associated disciplines are computer science,
cybernetics, biology, mathematics, and psychology (Obi et al., 2025; Haleem et al., 2022).

Studies posit that Al uses data and algorithms to enable machines to perform over time without the
need for programming every time and that it has been used widely in various industries for
innovation, accuracy, efficiency, quality control and overall value improvement (Obi et al., 2025;
Vukovic et al, 2025). These uses show the adaptability and transformative capability of Al across
different fields. The construction industry has not been an exception, especially in the field of
construction safety where there have been technological advancements where Al adoption is
significant in enhancing safety indices of construction companies (Polmear and Simmons, 2022).

Artificial intelligence (AI) and Construction Safety

Industry 3.0 and 4.0 have shown the integral use of information technology (IT) in various fields
whereby the construction industry and academia have not been exempted. Specifically, Industry 3.0
focused on process automation with IT and computers at the forefront in creating digital systems
while industry 4.0 focused on Al, IoT, big data, etc., for real time operations. Since the construction
industry is the most hazardous field with high incidence of fall accidents (Cheng et al., 2025; Huang
& Hinze, 2003), it is paramount that fatalities are identified and reduced through improved methods
using ideas from Industry 3.0 and 4.0, even simultaneously if possible. According to Occupational
Health and Safety Administration (OSHA), construction worker fatalities were about 50% of all
fatalities in USA in the year 2021 (Han et al., 2025; Maali et al., 2024). Work heights, environmental
conditions, equipment used in jobs, personal protective equipment (PPE) usage, actual knowledge of
safety and action of workers present high risks of accidents. Also, there has been instances of human
error being mentioned as major factor contributing to jobsite accidents (Fu et al., 2024; Hasanzadeh et
al., 2017). These problems of project safety can be addressed with Al integration in projects.

Al algorithms will allow for real time visualization of construction project sites and the workers
thereby making it easy for prompt detection of potential hazards and providing preventive measures
for possible accidents or injuries. Also, Al tools can analyze project data such as past project accidents
and be able to see patterns that can inform future safety avenues for prevention of repeat accidents.
These can also lead to improved worker training and change of work processes for better safety index.
Al powered robots and drones can also inspect project sites thereby reducing probability of accidents
and increasing overall jobsite efficiency (Rabbi and Jeelani, 2024). Computer vision techniques such
as object detection and activity recognition can be pivotal in safety management systems as they can
improve hazard detection, worker monitoring and site surveillance, thereby removing the traditional
method of manual project site inspection by safety managers and therefore improving project safety
performance as well as cost, time/schedule and overall productivity (Lee et al., 2025).
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These processes are key to advancing safety in the construction industry, and academic settings could
respond to these through encouraging use of Al tools in coursework. Al tools such as ChatGPT,
Gemini, etc., are prevalent and their use in the academia to enhance safety is critical especially for
those construction management students who are getting ready to get into the construction industry.

Use of Al tools (e.g., Chat GPT) in Education Sector

Various studies have shown that large language models (LLMs) have transformed the construction
industry and academia (Wang and Fan, 2025; Leathem et al. (2025). The emergence of advanced
generative Al tools such as ChatGPT has posed opportunities and challenges especially in the
academia (Javaid et al., 2023). In fact, educators are seeing an increasing use of these new tools that
are revolutionizing how students think, learn, collaborate and advance in their academic ladder.

Some studies have shown favorable outcomes in the use of Al tools. Lyu et al. (2024) study showed a
positive relationship between the use of generative Al tools and academic achievement of students.
Joshi et al. (2023) explored the use of ChatGPT among computer science students especially on their
learning experience and showed a positive outcome especially with the enthusiasm it brought to the
students. Wang and Fan (2025) assessed the effectiveness of ChatGPT in improving student’s learning
performance, learning perception and high order thinking. The outcome showed that ChatGPT had a
large positive impact on improving learning performance and moderately positive impact on
enhancing learning perception and fostering high level thinking. On the other hand, some studies have
shown some doubting the efficacy of these tools. Arora et al. (2024) examined LLMs utilization by
students and found out that in as much as the tools could be useful to students, their effectiveness and
ethical observances in their usages could compromise outcomes. Issues about plagiarism, quality of
the generated information, overreliance and lack of critical thinking could hinder deep learning of
students especially for construction students as shown by Leathem et al. (2025). But despite the
downside, these tools have the latitude to change education sector if proper training and education are
put in place to improve student learning.

As such, a study was conducted to examine the use of Al tools in the construction safety course at
undergraduate level with specific objective of determining the use of ChatGPT. The following
research methods were adopted.

Research Methods
Aim and Objectives

The aim of the research was to examine the use of Al tools among students in the construction safety
course with the objective of determining the use of ChatGPT in completing assignments towards
semester grades. The end goal was to ensure that students use Al tools positively in their academic
work and to enhance their safety idea developments as they get into the construction industry. An
online survey questionnaire was used to collect data from students since students were already
available in the class for the Spring 2025 semester of study. The data in the form of questionnaire
feedback would aid in formulating the research findings and subsequent generalization.
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Survey Questionnaire Design and Administration

As part of achieving the aim and objective of the research, an online survey questionnaire was
administered to the construction students via Qualtrics survey software. Prior to its administration,
four students (n = 4) were asked to be involved in a pilot study which tested the validity and reliability
of the questionnaire items. Cronbach’s alpha statistics tested the reliability of the data items with an
alpha estimate of 0.87 implying that the survey questionnaire items were reliable.

The survey questionnaire was distributed to about 50 students, and it consisted of open-ended and
multiple-choice questions. One part of the questionnaire had questions focusing on the respondents’
demographic data such as gender, level of study, and cumulative GPA. Some other questions also
required students to rate the level of writing requirement, the type of Al tools they used from the list
of Gemini, ChatGPT, Claude and others, and to classify what aspect of the course assignment they
used Al tools. These entailed quizzes, toolbox talk assignment, tests and final project which was a
site-specific safety plan involving writing various safety guidelines for a project. The other part of the
questionnaire had questions requiring the respondents to rate if they thought the Al tools were useful,
or not, on a binary scale (yes/no) and to rate the level of usefulness if at all they used the tools on a 6-
point Likert scale; Not helpful, Slightly helpful, Neutral, Helpful, Very helpful and Not applicable.

The research used both convenient and random sampling methods. Convenient sampling method was
used to select the research participants who were students in the construction safety course in spring
2025, and then they were sent the survey where they would randomly take part in the research by
voluntarily completing the survey. The convenient sampling method was used since it focused on
finding those who were available for the research (Levy and Lemeshow, 2013), and it was an easier
data collection method which incurred lower cost and less time (Chandler and Shapiro, 2016).

The online survey questionnaire link was distributed to the students at the conclusion of the spring
2025 semester. All respondents were assured of confidentiality and anonymity in their feedback, and
this was communicated clearly in the instructions to the survey questionnaire. To further improve the
response rate, respondents were informed that their feedback would help in advancing the knowledge
base in the field as well as redefining the course in future.

Data Analysis
The quantitative data analysis utilized SAS on Demand statistical tool (SAS, 2026). The descriptive
statistical analysis results utilized measures of central tendency and dispersion that consisted mostly
of percentages. The main purpose of these analyses was to determine the level of use of the Al tools in
the construction safety course. Qualitative data were analyzed and reported.
Results and Discussion
Demographics, Cumulative GPA and Level of Education
Twenty-two (22) students responded to the survey questionnaire. This sample size (n = 22) was

considered adequate as required by parametric or univariate statistical analyses and tests for adequate
statistical power. Usually, 20 is the minimum sample size.
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Of the respondents who completed the survey, 67% were males while 28% were females and the rest
(6%) preferred not to say. They were mostly undergraduate seniors (78%) and juniors (22%)
considering their academic level of study. This indicates that the sample was from a population of
students who were mostly higher in their academic ladder and had gone through construction
internships and were knowledgeable about construction safety and therefore was believed to provide
reliable data for better generalizability of the research findings. This was supported by the fact that
their cumulative GPA was high with majority of them (89%) at 3.0 and above GPA showing high
mastery in their area of study and thus demonstrating greater knowledge with quality data gathered.

When asked about the level of writing requirement in construction safety course, about 67% stated it
was middle level followed by 20% saying it was low level while 13% thought it was high level of
writing requirement. All the students (100%) felt that they needed no more writing resources to
complete assignments beyond the ones they were already provided by the course instructor.

Type of Al tools used to Complete the Course Assignments

When asked about the type of Al tools they used to complete the course assignments, Table 1
summarized the results.

Table 1. Type of Al tool used in completing assignments in construction safety course (N = 22).

Tool ChatGPT Claude Gemini
Frequencies(f) 18 2 6
Percent (%) 82 9 27

From Table 1, it is evident that students used multiple Al tools and out of those tools they used during
the semester, ChatGPT was the most used followed by Gemini and Claude in that order. Those that
used other tools said they used Grammarly as shown in Figure 1. Given the high frequency of
ChatGPT use among students, there is a need to promote its positive and constructive application in
the construction field. The extensive use of this tool in coursework suggests that such practices could
carry over into professional settings as students transition into the workforce.

Figure 1. Type of Al tool(s) utilized.
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Relative use of Al in Assignments with related Importance and Usefulness

When respondents were asked to indicate where they most frequently used Al tools in their
construction safety course assignments, the site-specific safety plan course project recorded the
highest usage as shown in Figure 2. The nature of assignments consisted of quizzes, tests, toolbox talk
assignment, discussion board post, safety project part 1 which required students to develop the outline
of the safety plan as a group, safety project part 2 which involved peer review of the completed group
write-up of the safety plan, safety project part 3 which was individual write up requiring students to
take all feedback and revise the safety plan for the final finished product, and a section stating that
they never used any Al tool. Figure 2 gives the summary of the results.

Figure 2. Course assignments where Al tool was utilized.

In Figure 2, the respondents mentioned Al tools to be useful (91%) while 9% stated that it was not
useful in completing the course assignments. In fact, 60% of respondents stated Al tool was very
helpful, 30% stated it was helpful while 10% were neutral to the use of Al tool in executing the
various course assignments as can be seen in Figure 2. Site specific safety plan course project accrued
the most in the use of Al tools which aligned with the overall accident prevention program in the
overall project safety as shown by most studies in the literature review.

Frequency of Al Use in Academic Assignments

When asked how often the students utilized Al tools in their construction safety assignments on a
three (3)-point Likert scale of; always = 3, sometimes = 2 and never using Al =1, an approximate of
about 7% of the students stated that they always used Al tools in assignments which was mostly
ChatGPT, about 64% of them stated sometimes using it while 29% of them stated that they never used
Al tools in the course assignments. Those who used it asserted that Al tools helped them in better
understanding the various topics and that was the main reason for using those tools in completing
their course assignments.
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Conclusion

Industry 3.0 and 4.0 had shown the fundamental use of IT in various fields whereby the construction
industry and academia were never left out in the development of things. The emergence of Al in
academia brought efforts to ensure positive use of Al for eventual successful outcome in the end.
Specifically, ChatGPT made everyone rethink how to engage with the tool positively as plagiarism
issues were rife. Therefore, this research examined the use of various Al tools utilized in construction
safety courses with the main one being ChatGPT in focus. Literature review highlighted various ways
it could be used in construction safety which was mostly centered on accident prevention. Students
prepared a site-specific safety plan course project which could be applied in construction projects at
the end of the semester. This aligned with the requirement of the construction industry regarding
overall safety observances for construction projects. There were also other assignments, tests and
quizzes which were part of assessments for students.

The results indicated that students used Al tools particularly ChatGPT in many ways in their academic
assignments, with the highest usage observed in the construction site safety plan course project, and
so the construction education program needed to find ways to ensure that Al tools such as ChatGPT
are used constructively or positively to enhance students learning as well as improving the
construction industry developments especially on areas of safety focusing on accident prevention.
This is because the development of a comprehensive and effective safety plan is a prerequisite for a
good construction safety and accident prevention program which will ultimately contribute to
improved safety index as measured by experience modification rate (EMR) of less than 1.00 where
1.00 is the industry standard.

This study contributes to the growing research studies on the application of Al in construction safety
particularly in the context of construction education. It was recommended that course delivery and
assignments should be revised to reflect effective use of Al tools in future coursework. Although the
study is limited by a relatively small sample size, it provides a valuable foundation for examining
construction safety programs in academic settings. Improved education and training translate into
better safety observances in the construction industry when students transition smoothly with safety
knowledge from academia into the construction industry. Future studies may include conducting a
study with larger sample size and integrating the viewpoints of construction industry personnel on
how they use Al tools in writing their construction project safety plans and overall execution of safety
at their construction workplaces. Also, future research could examine the effect of academic Al tools
usage and practical application in construction safety management in the construction industry.
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