Human-Al Collaboration for HMHI
Research Data Management in
Construction

Leveraging OpenConstruction and Human-Centered Data Work to Advance FAIR
(Findable, Accessible, Interoperable, Reusable) and Open Science

Pingbo Tang, Ph.D. P.E., Associate Professor
Human-Machine Harmony for Infrastructure Laboratory

NSF Cyberinfrastructure for Public Access and Open Science (Cl PAOS) Workshop on Research Data
Management in Construction | May 7-8, 2026 | Michigan Technological University

Carnegie Mellon University

Civil & Environmental Engineering



Talk Outline

e Motivation: The imperative and complexities of research data management in the
construction sector

e Evidence: Insights from a practitioner survey on perceived barriers and promotion
strategies

e Platform: OpenConstruction and the FAIR principles as a foundational reference
ecosystem for Research Data Management in Construction (RDMC)

e Human Data Work: Leveraging Al agents to observe, learn from, and enhance human
modeling and sharing practices throughout the facility lifecycle

e Research Agenda: Posing research questions and identifying collaborative
opportunities within the scope of NSF CI PAOS




Increasing Data in Civil and
Construction Engineering
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(Dean et al., 2014 )

e Construction projects now generate BIM models,
AR/VR simulations, UAV surveys, loT streams,
digital twins, and unstructured documents — all
in fragmented silos.

e Better data sharing could transform clash
detection, predictive maintenance, and facility
management — but barriers remain.

o Privacy, Technology, Cost-Benefit, ...




What Does Research Data Management in
Construction Actually Cover?

e Data types: BIM and CAD models; images and videos from cameras, UAVs, and
wearables; 10T sensor streams; simulation and digital twin outputs; inspection
reports and maintenance logs

e Lifecycle scope: Spans design — construction — operation — maintenance of
facilities — data created in each phase must remain interpretable and reusable in
the next

e Beyond datasets: RDMC also includes user provenance — records of how
designers, engineers, and field workers model, analyze, annotate, and hand off data
inside their software tools

e The goal: Make all of this Findable, Accessible, Interoperable, and Reusable (FAIR)
across organizations and over the full facility lifecycle

The work presented in the following slides was completed by the ASCE Computing Division.
However, these materials do not reflect the official opinion of ASCE, and the speaker assumes full
responsibility for the thoughts expressed herein.




ASCE COMPUTING DIVISION
DATA SENSING AND ANALYSIS (DSA) COMMITTEE
Big Data Analytics in the Construction Industry:
Opportunities and Challenges

Survey of Data Sharing Practices in
Civil Infrastructure Engineering ‘
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2. Current Practice in Data Sharing
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v e  "Qualtrics survey conducted
February—August 2020 with
researchers, practitioners,
and agency staff"

° "Covered: current practice,
perceived barriers, future
vision, and promotion
strategy preferences"

° "Published: Wang, Y., Tang,

3. Data Provider or Data Requester ?

in Data Sharing P., et al. (2023). Journal of
in Data Sharing Computing in Civil
. . . . Engineering, 37(2)"
* 6. Promotion Strategies Preference in Data Sharing =

Different Numbers of Responses in Different Sections of Survey

Data-sharing
Section Name Current Practice Future Vision Barriers Promotion

Strategies
Response Count 45 56 20 25




Perceived Barriers to Data Sharing
in Civil Infrastructure

Data Sharing Barriers in the Civil Infrastructure Engineering

Data Sharing Awareness (AB):
(1) There is a lack of awareness of existing platforms/avenues for sharing or requesting data.

Social and Organization Factors (SB):

(2) Others would use my data to publish before me (3) Others would criticize my work
(4) Others would falsify my work (5) The data could be misinterpreted
(6) Data are sensitive (7) Data are private

(8) Data are of competitive edges

(9) Lack of standard, policy, or consensus regarding data sharing

(10) Ethical and legal issues causing concerns about data ownership, legal implications, and intellectual property
(both for individuals and organizations)

(11) Lack of comprehensive data security technology support

Data and Software Technical Issues (DB):

(12) The data structure is too complex to the extent of making data sharing worthless (e.g., others do not know how
to use the data)

(13) Lack of quantification of data quality

(14) Lack of automatic technology for extraction, integration, and analysis of information from various data
formats, such as integrated analysis of images and texts

Hardware and Cyberinfrastructure Issues (HB):

(15) Cyberinfrastructure could not support big data use (e.g., limited (16) data access is not available

internet bandwidth, storage space, computing power, and so on)

Finance and Workforce Issues (FB):

(17) Major efforts are required to collect the data (18) Major efforts are required to share the data

(19) Engineering/technical support for data sharing 1s limited

(20) Financial and human resources with a computational mindset for data sharing are limited




Perceived Barriers to Data Sharing
in Civil Infrastructure

Challenge Level of Each Data Sharing Barrier Perceived by Data

Providers and Data Receivers
Number of Responses: 27
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sharing or requesting data. Others would falsify my work

The data could be misinterpreted




Perceived Barriers to Data Sharing
in Civil Infrastructure

Challenge Level of Each Data Sharing Barrier Perceived by Data

Providers and Data Receivers
Number of Responses: 27
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Data are of competitive edges Major efforts are required to collect the data
Ethical and legal issues causing concerns about data

ownership, legal implications, and intellectual property

(both for individuals and organizations)




Current Data Sharing Practice
Varies Widely Across Organizations

The Strength of Current Data Sharing Practice among Different Organizations

Academic Institution (Data Receiver)
Academic Institution (Data Provider) 51% [26]
43% [22]

Non-profit Organization (Data Receiver)

8% [4]
Government Agency (Data Provider)
29% [15] —
" "
= Government Agency (Data Receiver)
25% [13]

I Non-profit OrganizanW

14% 7]

For-profit Corporation (Data Provider) For-profit Corporation (Data Receiver)
14% [7] 16% [8]




Current Data Sharing Practice
Varies Widely Across Organizations

Number of Data Use Contexts in Responses from Different Types of
Organizations Participated in Data Sharing

Data Receiver

Academic For-profit Government Non-profit

Institution  Corporation Agency Organization
®
. ® Data Use Context
Academic
Institution . Infrastructure construction
O o :
. . . Infrastructure design

= For-profit ° ® : Geotech and hydraulic design
-5 |Corporation
> ®
o ® . Infrastructure contract and
e-u e ® financial administration
i
A |Government °

Agency ® . Infrastructure safety and maintenance

@ © .
N ® : Infrastructure data inventory
Non-profit ®
Organization
®




Technology, Policy, Business, and Academic
Roadmaps for Data Sharing

Top 5 Rated Data Sharing Challenges in the Current Practice Assisting Tools in Achieving the Strategy
Promotion Strategies

Summarized best practices of
data sharing in civil
infrastructure engineering

Lack of customizable data use agreements
for adapting to different contexts of various
organizations who are sharing data

Lack of awareness of different professional
standards and automated data compliance
checking processes

ISO/IEC/IEEE standards

Lack of interpretation and regulation
standards for unstructured data (e.g.,

1
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Data standa rd
ontology in civil infrastructure

regulations
|

vulnerability analysis

definition of data structures

NE-—a

storage, transferring

Lack of data sharing systems vulnerability
modeling for proactive content protection
in given contexts

Organizational vulnerability-
aware data use structures

Automatic data repository for
linking, recommendation, and
integrated analysis approaches
in managing multiple large-
scale correlated data sources

& management Lack of automatic approaches to manage
multi-source data with structured and
unstructured elements in a scalable way

with full consideration of data reduction
Strateg , N ,
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Technology, Policy, Business, and Academic
Roadmaps for Data Sharing

Technology/Academic: Platforms, metadata standards, cybersecurity, and data
validation protocols

Policy/Government: Data ownership frameworks, legal protections, IP and licensing
guidelines

Business/Industry: Incentives for sharing, value creation from reuse, confidentiality
safeguards

Cross-cutting: Training and cultural change for researchers, engineers, and field

 ASCE
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From Data Sharing Challenges to
RDMC and Al

e The survey shows that fragmentation, mistrust, and effort are the main barriers
o not just lack of technology
e Solving RDMC requires infrastructure that supports FAIR principles and rich
provenance, not just better file storage or transfer
e RDMC must manage two things together:
o (1) the datasets themselves, and (2) user provenance — how humans model,
interpret, and exchange data inside their tools across the facility lifecycle
e Al agents that observe these human data work patterns can help synthesize good
practices, flag risks, and propose new sharing principles that respect
heterogeneous domain terms
e Next: OpenConstruction as a reference design for this kind of RDMC ecosystem




FAIR: Findable, Accessible,
Interoperable, Reusable

Findable: Data and workflows have persistent identifiers and rich, searchable
metadata so others can reliably locate them.

Accessible: Clear, documented access paths and permissions for both humans and
machines (e.g., portals, APIs, license terms).

Interoperable: Shared schemas, ontologies, and formats allow combining datasets
and tools across projects, organizations, and domains.

Reusable: Data, models, and workflows include sufficient documentation,

provenance, and licensing to support new questions beyond the original study.




What FAIR Looks Like in
Construction Research

e Findable: BIM and point cloud datasets with persistent identifiers, documented coordinate
systems, version history, and links to related inspection or sensor data.

e Accessible: Construction image datasets such as the Advanced Construction Image Dataset
Suite (ACID), which provide tens of thousands of annotated images of construction
machines with clear download procedures, licenses, and documented tasks (e.g., object
detection, segmentation, captioning).

e Interoperable: Digital twins that link models, [0oT streams, and simulation outputs through
shared identifiers, schemas, and units so they can be combined across tools and
organizations.

e Reusable: Published workflows and scripts with recorded parameters and provenance so
other teams can rerun analyses on new projects or extended datasets.




Domain-Specific RDMC Principles
for Construction

Domain-Specific Principles FAIR Data Principles

F — Findable
o Unique identifiers,
searchable metadata

 Context-aware: what assets,
activities, and conditions were

captured? - A-Accessible

« Risk-aware: privacy, safety, o Clear access paths
security implications of sharing * |- Interoperable
data (e.g., worker images) o Common schemas,

ontologies, formats
R — Reusable
o Rich descriptions, clear
licenses

» Task-aware: what downstream
tasks are supported?

OpenConstruction applies FAIR plus these construction-specific principles to real AEC datasets,
including ACID and other visual benchmarks (Xiong et al., 2026).




OpenConstruction Initiative: A Socio-Technical
Partnership for RDMC and Open Science in AEC

e VISION: A community-driven open-science platform that indexes digital assets for the

AEC community, connecting AEC domain researchers, educators, and community
stakeholders

® GOALS: Develop and validate methods that improve how AEC digital assets are accessed,
discovered, and reused

O Bridge research, industry, and education through shared resources
O Provide a collaborative infrastructure for future AEC foundation models and Al tools

ﬁa ggg%ogiizuﬁégN Home Libraries~ Benchmarks Docs~ Contribute = Community O

EEEEEEEEEEEEEEEEEEEEEE

Discover open digital assets
for the AEC community

(Xiong et al., 2026) OpenConstruction Open Science



https://www.openconstruction.org/

Real-World Platforms: FAIR +
Construction-Aware RDMC Principles

ACI D OpenConstruction applies FAIR

plus these construction-specific
principles to real AEC datasets,
including ACID and other visual

Construction Image Dataset Suite benchmarks.
.'.ﬁ OOPI:E)Nei.‘OgscTiReUnCégN Home Libraries~ Benchmarks Docs~ Contribute Community () Domain-Specific PrinCiples FAIR Data PrinCipleS
_ * F - Findable
OPEN AEC RESOURCE LIBRARY : ConteXt-aware What assets, O Unique identiﬁers’
. o activities, and conditions were searchable metadata
Discover open digital assets captured? . A- Accessible
for the AEC community « Risk-aware: privacy, safety, o Clear access paths
security implications of sharing * | —Interoperable
' : data (e.g., worker images) o Common schemas,
ao 127 =0 = 92 31 34 :
| O DATASETS = MODELS é WORKFLOWS B ’ OERS « Task-aware: what downstream OntOlOg|eS, formats

* R - Reusable

tasks are supported?
PP o Rich descriptions, clear

Q  Allresources ¥ Search resources, authors, titles, or keywords ... licenses




Metadata MOdeI for ContEXt-RiCh Encodes scene, activity, sensor, and
COnStru Ction Data sets task information that downstream

users and Al models need to interpret

Metadata Element Proposed Dublin Core Google Dataset Zenodo Roboflow Hugging Face and reuse datasets (e 9.

ACID/ACIDB scenes, equipment

General Metadata

Identifier / URL v v v v v v classes, camera setups).

Title v v v v v v

Authors / Contributors v v v v v v

Release Date v 4 v v v v Highlights gaps where information is
License v v v v v v . T

DOI (if available) v _ v ¥ v 7 only in unstructured descriptions —
Source v v v v 4 ¥ targets for future RDMC

Scholarly Records v - v v v v . . .
Data / Model Preview ¥ . = & v £ improvements (e.g., standardizing
Dataset-Specific Metadata safety/privacy annotations or task
Dataset Size v v @) v v v S

Data Modality v v O O v v defi nltIOnS).

Annotated Classes v O @) O v O

Annotation Types v O ®) O v O . .
o o - o 5 o : e /: structured and queryable;
Doon Tasks, < O O O 4 4 e O: partially supported or
Collection Location v © v O O O ) _

Dataset Link v v v v v O typlca”y embedded in
Model-Specific Metadata

i , B . i 5 - unstructured text (e.g.,

Domain Tasks v O = O v v descriptions, tags);

Application Domain v O - (@) O ©) L.

Description (abstract) v v - v ¥ 3 v e —:not eXpIICItly Supported
Model Link v v - v v v

(Xiong et al., 2026)



Layered Architecture for a
Construction RDMC Ecosystem

Governance Layer Application
Layer

Policies

* Contributing guideline

* Open science principles Access
> : i y Layer Web Portal

[ Review & Validation

« Review workflow Resource Dataset catalog Model catalog Toolkit
o » Benchmark
* Validation check Layer . Selrllc nf/n tol
6 (CORE) Workflow catalog OER catalog chema / ontology
, 1 =
Sustainability Metadata standards Ingestion & validation
* Institutional partnerships Infrastructure
* Community engagement Layer Search & discovery Unique identifiers

FAIR + Domain Principals

Ingest — Curate — Catalog — Access — Reuse — Feedback
(Xiong et al., 2026)




Governance: Policies, Validation,
and Sustainability

Governance Layer e Policies: contribution guidelines, open science principles,
) e privacy/security rules for visual datasets like ACID.
Policies e Review & Validation: review workflows and dataset validation checks
‘gomfib‘}tmg g“i_del,inle (technical quality, documentation completeness).
* Open science principles ||« . .y . R . .
" . e Sustainability: institutional partnerships (e.g., with dataset owners and
[ Review & Validation | Cl PAOS projects), community engagement.
* Review workflow *
¢ Validation check mages Systematic review Schema Desian Catalog generation Community service
: : Scopus Cprg metaqata Domain metadata Institutional @
Sustainability I video %-2‘“"’" BHIE | |t catao ‘ it
- r v . + Applications < <
« Institutional partnerships | Wil . fccess . O
* Community engagement i WA Webof Science — il E:.: Contrib_i’-tor g
Docs Community Standardization S ®
input Data Schema g
ot loT é;_‘) Sl extraction mapping Contributi e
Governing the process uomeer —c—— quideling g
- g p . Discussion Format Quality =
of |ntegrat|ng resources Code Forum conversion assurance

into OpenConstruction

Catalog generation &
community service

(Xiong et al., 2026)




From Open Catalogs to Certified
Knowledge for Al

e OpenConstruction and datasets like ACID show that we can build FAIR,
domain-aware catalogs of AEC data, workflows, and OER.

e However, Al agents need more than ‘open’:
o “They"” need structured, certified units of knowledge with clear provenance,

validity, and usage rules.
e The Tokenization for Engineering Knowledge initiative:
o Treats each standard, dataset, workflow—or even human data work
trace—as a tokenized unit that can be verified, attributed, and safely
Ongoing work that may not reflect the official

consumed by Al co-pilots.
opinion of ASCE and the speaker takes the | LLTEI NI

responsibility of these expressed thoughts. ‘




Tokenization for Engineering
Knowledge: Overview

e The Tokenization for Engineering Knowledge initiative aims to help ASCE
evolve from a publisher of static documents into a trusted steward of civil
engineering knowledge in the Al and digital economy.

® The committee’s goal is to design a decentralized yet governable
ecosystem for engineering data and knowledge reuse, where

provenance, attribution, verification, and responsible Al integration are built
in from the start.

@ I @ ri\—l &
‘ @ il =i —
— L | -

METADATA BLOCKCHAIN DIGITAL ASSET IDENTIFIED TRADE PERMISSION OWNER




What Is Tokenization?

e Converting standards, guidelines, and

domain models into secure,
machine-readable knowledge packages. To K E N I ZAT I o N
® Structured Units:

. : TRANSFORMING ASSETS INTO DIGITAL TOKENS
O  Breaking down complex standards into

specific, usable data points.
® Standardized Metadata: DIGITAL REPRESENTATION SECURE ASSET MANAGE TOKENS

O Creating clear definitions, domains, and |

relationships.
e Cryptographic Provenance: W
o Utilizing hash-tree structures (e.g., Merkle
trees) to guarantee integrity and detect |
tampering.
e Al Integration: SELECT PROPERTY TOKEN CREATION LAUNCH TOKENS
o Allowing Al models to rely on

ASCE-certified tokens as absolute sources
of truth, reducing hallucination.




ASCE Cyberinfrastructure for Sustainable
Growth of AEC Knowledge Economy?

ASCE should evolve from being a publisher of static documents to being the
trusted steward of civil engineering knowledge in the Al / digital economy,
coordinating various data and knowledge system users by tracing their
works and giving them tokens for their works in helping the growing of AEC

data and knowledge ecosystem.

\ Y i

The Verifier The Certifier

Ensuring data provenance, Delivering authoritative,
integrity, and traceability for all machine-readable knowledge
standardized engineering for safe use in Al systems and
assets. co-pilots.

O

d

The Rewarder
Recognizing and protecting
contributors to the
decentralized engineering data

ecosystem.




Sustainable Decentralized AEC Data
and Knowledge Business Model?

ASCE o .

The Verifier The Certifier
Ensuring data provenance, Delivering authoritative,
» FOR 7 ; integrity, and traceability for all machine-readable knowledge
standardized engineering for safe use in Al systems and
assets. co-pilots.

O

Bxd

The Rewarder
Recognizing and protecting
contributors to the
decentralized engineering data

ecosystem.

e Everyone can get tokens by using and contributing to the data and knowledge ecosystem:
contributing data, workflows, verifying them, and providing education resources.

e More successful contributions and verifications produce more tokens, encouraging everyone to
make the data and knowledge ecosystem more reliable and widely available.

e A carefully designed cybersecurity and governance model is key for the healthy growth of such

an ecosystem.

e ASCE would ideally coordinate the cyberinfrastructure and collect a “tax,” but the
individual tokens belong to the real contributors of data, knowledge, models, workflows,

and educational resources.




Call for Participation: ASCE Tokenization
Ecosystem Workshop & Hackathon Showcase

A Proposed Hackathon Initiative to be announced in the
coming months.

e Design the ASCE Data and Knowledge Tokenization Solution.
= How you would like to transform civil engineering data
into verifiable digital assets for Al and co-pilots?
e Showcase winning end-to-end ecosystems from the ASCE
2026-2027 Tokenization Hackathon, presenting on ASCE

2027 in March, Philadelphia.
o Explo:'r; thaer:’:ole 01l t?olfeﬁizfd data in enhancing ASCE2027

cyber-resilience and Al validation within practical projects.
e Contribute to the strategic design of ASCE's roadmap toward

Lead: Pingbo Tang, Carnegie Mellon

a decentralized, verifiable engineering knowledge University - Pittsburgh, USA
ecosystem. Core Organization Team: Ruoxin Xiong -

e Further details regarding the competition will be formally Kalhyun Jeon - Yanyu Wang - Daniel
announced. Calabro

Contact: ptang@andrew.cmu.edu
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End-to-End RDMC Lifecycle in

OpenConstruction - Human Data Integrated

Systematic revie

Images

;51 Videos

W UAVs 2 Clarivate

Web of Science”

% Docs Community
input
w1 Resource
ue; loT 2 <ubmission
Discussion
Code Forum

e Resources enter via images, videos, UAV data, docs, loT streams, and code, identified through systematic review and community input.
e Submission, discussion forums, and iterative curation form the social fabric of RDMC—where human data work naturally appears.

Schema Design

Core metadata
* Bibliographic
* Descriptive
* Access
* License

Domain metadata
* Phases

» Tasks
» Applications
» Stakeholder

Standardization

Data
extraction

Schema
mapping

Format
conversion

Quality

assurance

Catalog generation

[ catalog ]
Bl
| Model catalog

catalog

OER catalog

(Xiong et al., 2026)

Community service

Institutional
partnerships

Contributor

recognition

Contributing
guideline

Catalog generation &
community service

Web portal & APl Access



Human Data Work as a
First-Class RDMC Asset

e Traces of how designers, engineers, and
field workers select, transform, model|,
analyze, interpret, and share data inside
their software tools and workflows.

e Includes version histories, parameter
changes, filters, visualizations,
annotations, comments, and handoffs
across teams and organizations.

e These user-provenance traces
complement data and computation
provenance and are essential for
understanding and improving RDMC in
construction.

USER PROVENANCE IN CONSTRUCTION RDMC

Traces of how people work with data across tools, workflows, and organizations.

{ @ seLecT 1 ( © TRANSFORM ‘ © MopEL O Anawvze © INTERPRET } [ @ SHARE & HANDOFF }

Choose data Create & configure Compute & explore Derive insights Communicate & deliver
« Point cloud « Set parameters « Run analysis « Annotate « Share results
+ Drawings + Build model * Apply filters + Comment + Handoff to teams

EXAMPLE USER PROVENANCE TIMELINE

— HANDOFF HANDOFF

‘\ i i
® ® ® ° . H
@ L L o

Py Py Py
\ 4 @ @
' '
8:15 AM 8:45 AM 9:30 AM 10:15 AM 10:45 AM : 11:15 AM i 11:30 AM
Selected Filtered & Set parameters Ran anal lysis Added comment. ! Shared model )\ Reviewed
point cloud cropped data & built model (LC: 1.2D+1.6L) High utilization H V3.1 i & accepted
@Beam B2 . ¢
Designer Engineer Engineer Designer Structural | Team
Designer
Design Team
@ VERSION HISTORY a PARAMETER CHANGES V FILTERS & VIEWS COMMENTS & ANNOTATIONS » HANDOFFS & ACCESS
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn & Desi Shared Items
Hig! Model
Intial 0 MP:
® i Shared
e Parar 500 m il incmase dagthvandresrun: . | || whEsass:
eer Analy: 500451 00 = ,% rrrrrrrrrrrrrr
o € Upd & MEPTeam  Canview
& Contractor ~ Canview
eeeeeeeeeeeeee Add cos & Owner Can view
TTTTTTTTTTTTTTTTT B [ oo &Y o Qe Al A O cossonse ]

While the outcomes of our work are shared,
there has been insufficient effort in
documenting and sharing the underlying
working processes to enhance reusability,
extensibility, and generalization across
diverse tasks and organizations.



Exploring Human Data Values - Multimodal
Human Data Work in Training and Operations

Knowledge & Experience Learning
Module

Knowledge & Experience Capturing Module (VR)

Reality Capture for
Construction Site with Layout

Inspection Strategies

AR Enhanced Inspectors and
Generation in VR

Drone Collaboration

Inspectors’ Inspection
Trajectory

Laser
Scanner

On Site Physical
Environment Point Clou

Inspectors’
Demonstrations
For Drones

R
~ e

A= Y

a—97)

*-eil

S g » ‘
[ J

| Situational Awareness Increasements |
Process Mining and with visual Instructions i

Knowledge Discovery

(Liu etal., 2025)




Exploring Human Data Values Across Organizations
- Cybersecurity, Privacy, and Ethics

Governance Layer
; . Ly » o
Policies The Verifier The Certifier The Rewarder
* Contributing guideline et | | uabesepmmnets | | entwne
* Open SCieIlce pl‘illCipleS stangdar(;ized engineerinyg for safe use in Al systems and decentralized engineering data
( Review & Validation j
* Review workflow *
* Validation check . ‘ . . .
|7 dation chee JI e Al captures gaze, interaction logs, decisions, and performance metrics
[ St i as learners or operators use simulators and analytical tools.
ustainability ) ) ) )
+ Institutional parmerships [~ ® 1 N€S€ Multimodal traces show which data views, model settings, and
+ Community engagement feedback responses correspond to successful or problematic
performance.

e With tokenization, such traces can be shared—under strong privacy and

governance constraints—as templates of effective data work across
organizations.




Human Data and Human-Al: A Broader View -
What Al Cannot Do Yet?

Generate Knowledge Graphs to Accumulate
Explained Process Patterns as Reusable Strategies

Human Behaviors for Producing and Extending Digital Twins

“Explained” Human Process Behaviors in Domain

Design, Construction, and Operations

Ontology

Human Process Behaviors in Explaining and

. . o ; Mine the ontology from
Connecting their Decision Behaviors (Chatbot)

human explanations and
documentations

Human Documentations of Design, Inspection
Maintenance and Operation Processes (Reports) New Concepts & Relationships

Human Process Behaviors in Modeling and
Updating Ontology and Digital Models

Object-Oriented Mechanisms with Fundamental Concepts and Relationships -
Class, Object, Inheritance, Polymorphism

Affordable Digital Twin - Automatic Data Interpretation and Data-Driven Simulations to Explain
Operational Trade-Offs and Strategies

III

digital twins...

Red— not mature yet, but we should know more about them to make “really usefu




Final Thoughts about a Proposed Path Forward:
Al Observing Human Data Work to Evolve RDMC Principles

e Technical:

o Model user-provenance traces as workflows that show which data, tools, transformations, and
collaboration patterns lead to reliable, safe, and efficient outcomes.

o Train Al agents on these tokenized traces so they can suggest next steps, flag risky or wasteful
patterns, and summarize effective practices across projects and organizations.

o Use these insights to refine data modeling, analysis, and exchange principles that respect
different domain terms and processes across the
design-construction-operation-maintenance lifecycle.

e Social-technical

o Co-design AEC-specific cybersecurity and data-sharing guidelines for RDMC platforms and Al
tools, including certification and licensing schemes appropriate for safety-critical
infrastructure.

o Develop Al policy and ethics standards for RDMC that address provenance, accountability,
privacy, and equity when human data work and Al agents are tightly coupled.




ADVANCEMENT
Al TASK FORCE

Meet the OpenConstruction Community

Explore the researchers, practitioners, labs, and institutions growing an open-science ecosystem for Al
in the AEC community.

MICHIGAN TECH oo 149 f ﬁ 84

H U S K1 E S a CONTRIBUTORS/LABS INSTITUTIONS

a CI D <Join discussions) <Subscribe for updates>

Construction Image Dataset Suite




FUTURE WORK

» Exploring the guideline or criteria of data sharing standards, validity approaches, and protocols in civil
infrastructure domain

» Exploring the cybersecurity issues in civil infrastructure data sharing

« Exploring the techniques in promoting the large-scale data sharing

REFERENCE

[1] Dean, Jared. Big data, data mining, and machine learning: value creation for business
leaders and practitioners. John Wiley & Sons, 2014.




LITERATURE REVIEW

Data Sharing Related Research in Civil Engineering Domain

Data Sharing Data Data Data Data Data Data Practitioners | Different
Domain Sharing | Sharing | Sharing | Sharing Sharing Sharing > Priority on | Organizational
Current | Barriers | Future Promotion Promotion | Promotion | Promotion Practitioners’
Reference Practice Vision Strategy on Strategy Strategy Strategy Priority. on
Technology |on Policy |on Promotion
Business Strategy
(Thu and Wehn 2016) Hydrology \ v \ \ - - - -
(Wang et al. 2020) Hydrology - - - v - - - _
(Petri et al. 2017) Construction - - - N - _ _ _
(Mutis and Mehraj 2022) Construction \ - - - N - N ]
(Karaguzel et al. 2019) Building Energy - - - v - - - -
(Costin and Eastman 2019) [ Urban Systems - \ N N - - -
Civil Engineering
(Cooper et al. 2019) Academic v v v \ \ ] ] ]
Research
Civil
This research Infrastructure v N, N, N N N N \
Engineering

= Discussed, — = Not Applicable




METHODOLOGY

* 12 governmentreports N\ ° 106 reponses from 4 types o o e top 5 strategies of
r e 13 organization standards organizations (academic institution, rQ\m,% promoting data sharing
" e 36 related papers for-profit corporation, government e a data sharing
e 6 experts interviews agency and non-profit organization) promotion roadmap
. nlin rv
/ Survey Design \ / O iine Survey \ :
Collection and Results Recommendations
Data charatersitics in the civil Current practice of data sharing in the o
; ; ; g & ; ; Prioritiesin:
infrastructure engineering civil infrastructure engineering

1. Technology strategies

v o ; Data sharing future vision in the civil :: > 2. Policy strategies
Future vision of data sharin :> ; . . ' y g
& infrastructure engineering | 3. Business strategies

Five categories of data sharing Data sharing barriersin the civil R Jedd s
barriers infrastructure engineering ecommen ed data sharing

Qromotlon roadmap /
Three categories of data Data sharing promotion strategiesin

sharing promotion strategies the civil infrastructure engineering




RESULTS - FUTURE VISION

Data Sharing Conditions Perceived by Different Organizations

Agreement Level (1-6) | Condition of Data Sharing from Stakeholders

Definitely 886 e [f sharing the data enabled me to get into
contact with other partners

e If | had enough time beforehand to process

Moderately my data

e If my employer supported me actively (e.g., by
providing technical support, time)

Somewhat- e If | knew the intention of requesters very clearly

e /f | knew who would be able to access the data
Slightly-

e If | would share the benefit from the outcomes
of requesters

Rarely e [f there is a cost-sharing in the data sharing

e If | get the financial benefit for my effort

Not 81 |
'\0(\ AN Xe) o™
Q 3 &P\%e(\ s{\’&&\ (\\1’5&\ Number of Responses: 56
. (/0( ((\60 '\C\(\ . 0(
(0‘\ O 66(0 (O&\‘
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RESULTS - PROMOTION STRATEG|ES PREFERENCE

Data Promotion Strategy Number of Responses: 2

:. j® data security protection Technology Strategy
== data anonymization and privacy-preservation

e data quality measurement and information loss measurement
’

S . . .
( r the technology of translating heterogeneous data into consistent data
Y # « enhancement on data labeling & ground truth

I :- large-scale data sharing technology
== real-time data sharing technology
e the intelligent data sharing method

e policy on data liability Policy Strategy

r--'- data standard regulation
| I

‘- incentive on data-related research (e.g., establish testbeds to create artificial data)
e dissemination of available resources and the value of data sharing (e.g., workshops and best practice)
e data security and privacy protection (e.g., intellectual property agreements, privacy protection)

¢ data value demonstration (i.e., quantitative and qualitative) Business Strategy

: =' protocol in industry and organization (e.g., policy and regulation)

1
: r data validity (e.g., standard and type of data for data owner and receiver)
" repository and platform for data sharing

T T —

e risk analysis and risk mitigation { Importance Level }
|

« skills of workers, engineers, and stakeholders ! Moderately . Very ~ Extremely i

e financial, human, and other resources l\ 4 5 —6 !

—_————,———— e e —



