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Abstract

In the civil engineering and construction industry, generative
Al chatbots can significantly streamline tasks such as report
creation and safety activities. However, relying on Al may
reduce opportunities for human learning and skill develop-
ment. This paper proposes an evaluation method to balance
Al-driven efficiency with human capability growth. We de-
veloped three chatbots to support reporting, safety activities,
and root cause analysis, and present a framework to measure
both productivity and learning outcomes through user logs
and workplace performance. Our findings suggest that prop-
erly designed Al-assisted tools can enhance efficiency and si-
multaneously foster skill improvement.

Introduction and Background

As the application of Al in the construction industry contin-
ues to expand, numerous systematic reviews emphasize its
potential in enhancing safety and health management (Mo-
hapatra, Mohammed, and Panda 2023). Beyond efficiency
gains, recent work also underscores how human-Al co-
creation can foster workers’ skill development and organi-
zational learning (Raisch and Krakowski 2021). In civil en-
gineering and construction, daily tasks often combine phys-
ically intensive activities, such as operating heavy machin-
ery, with intellectually demanding work, such as writing in-
cident reports and analyzing accidents. Recent advances in
generative Al chatbots, supported by large language mod-
els (LLM), offer the potential to automate parts of these
tasks. Although this automation increases efficiency, there
is concern that workers may lose opportunities to learn and
develop their skills through direct practice. Consequently, a
challenge arises in balancing “efficiency” and “learning fa-
cilitation.”

The industry also faces routine safety meetings where
risks must be identified in a limited time, often leading to
omissions. In addition, accident investigations require spe-
cialized expertise, which is not always available due to a
shortage of trained personnel. Although Al-based assistance
can help address such bottlenecks, educational engineering
perspectives acknowledge that a heavy reliance on Al car-
ries the risk of influencing workers’ independent thinking.
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Hence, systems must be designed to integrate Al support
while still providing learning opportunities, ensuring both
productivity gains and human development.

Chatbots Overview

We have developed three chatbots to address industry-
specific challenges while also reinforcing worker learning
(Table 1). The Report Generation Support Bot transforms a
handful of user-provided keywords into a draft report, then
prompts users to revise and refine the text. This process
streamlines routine reporting while giving opportunities to
practice writing and organizational skills.

The Safety Activity Support Bot quickly proposes various
risk items, drawing on past cases and general knowledge to
trigger broader discussions in daily safety meetings. By sug-
gesting diverse perspectives, it aims to reduce meeting time
while encouraging workers to develop sharper risk detection
abilities.

The third chatbot, the Root Cause Analysis Support Bot
offers a systematic why’ approach to investigate incidents.
Even in environments lacking expert oversight, this bot sup-
ports deeper inquiries and hypothesis generation, thus en-
hancing logical thinking. Figure 1 shows the detailed output
for each of the report, safety action items, and cause analysis
from a brief input to these chatbots.

Evaluation Methodology

Each chatbot is evaluated through: (1) Work Efficiency,
examining metrics such as draft creation time, number of
identified risks, and depth of accident analysis; (2) Learn-
ing Effect, observing how users refine Al-generated outputs,
develop risk perception, and formulate logical conclusions;
and (3) Co-Creation, assessing how effectively Al contri-
butions merge with human expertise to yield better final out-
comes.

We will gather data from chatbot usage logs, produced
reports, and safety meeting records. Comparisons will be
made before and after the deployment of these chatbots to
measure improvements or potential drawbacks in skill de-
velopment. Qualitative insights from surveys and interviews
will be incorporated to understand worker perceptions and
learning experiences.



Chatbot Implementation Pur- Efficiency Objective Evaluation Metrics

pose

Report Gener- Transform
ation Support into a cohesive draft

Education Objective

keywords Reduce time for dai- Improve writing skills Efficiency: draft time, error rate;

ly/incident reports via structured drafting Learning: edit frequency/depth,
structural ~ improvement,  self-
assessed skill

Safety Activity Propose diverse risks; Shorten meetings, Develop risk detection Efficiency: meeting duration, vari-

Support foster open-ended dis- broaden risk coverage skills, encourage partic- ety of risks; Learning: discussion
cussion ipation participation, novelty of perspec-
tives, hazard detection improve-
ment
Root  Cause Guide users with “why” Reduce investigation Enhance logical think- Efficiency: analysis duration, com-

Analysis Sup- approach, deepen anal- time, ensure thorough- ing and hypothesis- pleteness of solutions; Learning:
port ysis ness building logical flow, quality of hypotheses,
structured inquiry growth

Table 1: Three chatbots with purpose, objectives, and evaluation metrics
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If the site is near water, measures to prevent

Unexpected gust of wi crane operation,
steel plate dropped, no injuries, emergency
countermeasure meeting conducted.

@ Bot

[Work Report]

During today's operations, an unexpected
gust of wind occurred, causing a portion of
a steel plate to fall during crane work.
Fortunately, no injuries were reported at
the site. However, recognizing this as a
serious safety issue, we immediately
suspended the work and conducted an
emergency countermeasure meeting.

In the meeting, we confirmed preventive
measures, including thorough monitoring
of weather and gust forecasts and
strengthening safety protocols during
operations.

‘We will continue to prioritize safety in our
work moving forward. We kindly ask for
your review and understanding.

The following outlines potential safety risks
at a civil engineering construction site
based on the photo:

- Risk of falling objects during crane
operations

The crane's lifting gear is visible, indicating
the possibility of falling objects during
heavy lifting. It is necessary to confirm
whether appropriate no-entry zones are
established.

- Risk of crane tipping

The stability of the ground where the crane
is operating is crucial. Weak or uneven
ground could lead to crane tipping.

- Management of proper parking positions
for construction vehicles

Several vehicles appear to be parked at
the site. Disorganized parking of vehicles
and heavy machinery may interfere with
workers' movements and cause accidents.
Proper organization is required.

- Separation measures between the
construction site and adjacent roads

If the site is close to public roads, vehicle
intrusion prevention measures and the
deployment of traffic controllers may be

worker falls and ensure the stability of work
platforms are essential. Consideration should
also be given to the use of protective gear, such
as life jackets.

- Risks due to reduced visibility
The site is surrounded by structures or tall

buildings, increasing the likelihood of blind spots.

Inadequate visibility, especially for backhoes or
dump trucks, can raise the risk of accidents.

- Impact on the surrounding environment
Since the site is near urban areas, noise and
vibrations may affect nearby residents or
businesses. These factors require careful
consideration.

- Effects of wind near high-rise buildings

The presence of nearby tall buildings suggests
the potential impact of unique wind patterns,
such as building-induced winds. Work plans
should account for these effects on cranes and
suspended loads.

- Fire and explosion risks at the construction
site

Warehouses or factories visible around the site
may store flammable or hazardous materials.
Regular inspections and strict control of fire-
related areas are essential.

- Wide-area risks related to Mount Fuji eruption
Mount Fuji is visible in the background,
suggesting the need to consider the potential
impact of a large-scale eruption.
Comprehensive evacuation plans and flexible
response measures are necessary.

Based on these points, appropriate risk
assessment and safety management are
essential.

A steel plate fell outside the designated
location, almost causing a serious injury.

8 Bot

Five Whys Analysis

Why 1: Why did the steel plate fall outside
the designated location?

Possible causes:

*There was a defect in the equipment or
system used to secure the steel plate.
*The work procedure or instructions were
unclear.

<Environmental factors (e.g., strong winds,
vibrations) shifted the steel plate.

Why 2: Why was accurate positioning not
performed?

Possible causes:

*Measuring tools were not used, or the
tools had issues.

*Workers lacked sufficient training or
education, leading to improper execution of
procedures.
The work al

as poorly lit, resulting in
inadequate visibility.

Why 3: Why weren’t measuring tools
used?

Possible causes:

*Measuring tools were either unavailable or
malfunctioning on-site.

*The work schedule was too tight, and
measurement tasks were skipped.

*The importance of measurement was not
adequately communicated among workers.

* Original text in Japanese, translated into English.

Figure 1: Demonstration of the three chatbots in use

Discussion and Future Work

To study the balance between efficiency and learning, a pi-
lot deployment is planned at various construction sites. By
refining our evaluation framework, we aim to identify best
practices for designing Al systems that reinforce human
competencies rather than diminishing them.
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