ABSTRACT

BANERIJEE, SIDDHARTH. Developing an Organization-wide Knowledge Repository with
Intelligent Knowledge Transference to Enhance Construction Project Outcomes. (Under the
direction of Dr. Edward J. Jaselskis).

Valuable lessons learned and best practices gleaned from construction projects often do
not transfer to future generations due to the lack of a formalized process. The problem is
exacerbated in the event of team turnover or retirement, often leading to unfavorable project
outcomes such as time delays and exceeded budgets. The aim of this research study is twofold: (1)
to provide a platform for North Carolina Department of Transportation (NCDOT) personnel to
record pertinent information related to their routine work and (2) to use artificial intelligence and
effective visualizations to enhance the rate of knowledge dissemination.

The research methodology used in this study is a novel Design for Six Sigma approach
that was used to create a new robust knowledge repository named Communicate Lessons,
Exchange Advice, Record (CLEAR) for the NCDOT. NCDOT end-users provided initial feedback
via interviews. The North Carolina State University (NCSU) research team (of which the author
was a member) conducted 32 interviews with 46 NCDOT personnel who collectively had 813
years of work experience. The overall research methodology also involved the development of
web-based strategic dashboards for effective visualizations and an Al model to enable end-users
to yield the most relevant search results from the CLEAR database.

The automation of information retrieval is intended to encourage NCDOT personnel to use
and embrace the CLEAR program as part of their routine work to improve project workflow and
ensure CLEAR’s long-term success. In the long run, the NCDOT will greatly benefit from
consistent usage of the CLEAR program and the high quality content that is input to the CLEAR

database, thereby leading to enhanced institutional knowledge and organizational innovation.
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1. INTRODUCTION

The need to document and institutionalize firsthand knowledge gained by construction
personnel has expanded over the past several decades. The construction industry is a knowledge-
based industry that relies heavily on knowledge input by various participants within a project team
environment (Carrillo & Anumba, 2002). Construction project management involves coordinating
teams from all phases of the project’s lifecycle (i.e., planning, design, construction, and
maintenance). Despite taking sound precautions, external uncontrolled factors, such as utility
coordination, right-of-way acquisition, project funding, and interagency communication, can lead
to delays and claims (Plotch, 2015). In fact, one in three capital projects risks being delayed or
over budget, and/or fails to achieve its profit objective (Anderson & Tucker, 1994). One of the
primary reasons that organizations repeat their past mistakes is failure to document experiential
knowledge (Anderson & Tucker, 1994). As a remedy, lessons learned can serve as a valuable
resource for planning and design teams to help identify potential problems in advance and thus to

be proactive in mitigating possible schedule and cost overrun issues.

1.1. Background and Need
Lessons learned is one of the 17 best practices recognized by the Construction Industry

Institute (CII) for enhanced project performance. The CII report on lessons learned (Gibson et al.
2008) is an invaluable resource in the field of knowledge management. The report cites the three
main phases of a lessons learned exercise as collection, analysis, and implementation. The CII
report also notes that, in any organizational structure, knowing the information to document and
where to document it can impact the effectiveness of a designed lessons learned tool. Therefore,
lessons learned databases are an effective means to record and retrieve appropriate information to
apprise users about past experiences, both good and bad. Establishing the right organizational

culture and upper management support is also essential to establishing a successful lessons learned

1



program. Most organizations have now started to realize the full potential of a lessons learned

program within their organizations.

The Value Management Office (VMO) at the North Carolina Department of Transportation
(NCDOT) performed a study in 2014 as an initial step towards building a lessons learned database.
The intent of this exercise was to create a meaningful interface between preconstruction units and
field personnel and to document useful information about previous projects to act as a reference
for future project planning. The study was referred to originally as the Post Construction
Assessment Program (PCAP) because its primary aim at that time was to capture information about
issues that arose post-construction as well as from pre-construction phases such as planning and
design. As part of the PCAP, NCDOT personnel across various divisions were asked to provide
their input about the concept of a unique database that would serve as a knowledge repository of
information about previous projects. The identified need was to have a simple yet robust tool that
could be used for gathering data, indexing the data correctly, and retrieving the most relevant files

based on key search terms and phrases.

1.2. Research Objectives
For this research project, the North Carolina State University (NCSU) research team (of

which the author was a member) sought to develop a new robust tool to institutionalize
construction project knowledge for the NCDOT in consultation with the North Carolina
Department of Information Technology. This dissertation describes the effort to assist in the design
and implementation of a lessons learned/best practices database named CLEAR (Communicate
Lessons, Exchange Advice, Record) for the NCDOT. CLEAR is a Connect NCDOT SharePoint-
based internal-only database that is intended for use mainly by personnel who are associated with

any project phase within the NCDOT. Through CLEAR, end-users can reposit knowledge gained



on projects by making use of three forms — lessons learned, best practices or ideas, and solutions
needed. As an example of the need for such a database, during the data gathering phase of this
project, the NCSU research team learned that no formal process was available for the design team
to know if any issues or problems related to their designs had arisen during construction or whether
any delays had occurred and/or additional monies were involved. The CLEAR program and
database (referred to simply as CLEAR in this report) are intended to communicate experiences
among personnel so that successes and failures can be shared, recorded, and hopefully addressed

(Fullerton, et al., 2021).

The success of the CLEAR program is heavily reliant on its end-users. Therefore, end-
users’ willingness to participate in this program and enter relevant knowledge gained at project
sites is imperative. To this end, the NCSU research team developed a survey instrument to help
determine the training needs and requirements of NCDOT personnel and to develop training
materials that would provide the most meaningful impact and encourage participation in the
CLEAR program. Based on the survey results, the research team developed training materials in
the form of short videos using commercially available video-making software, VideoScribe. In
addition to the video materials, the research team also prepared standard operating procedures
(SOPs) for the various stakeholders in this program, i.e., end-users, the gatekeeper, and the Expert
Review Panel. These SOPs are intended to serve as a guide for entering information into the
appropriate forms and searching for lessons learned/best practices based on relevant search criteria,
and for the experts to review entered information.

Strategic web-based data dashboards in Tableau whose designs were mapped out through
extensive consultation with all the key stakeholders of the CLEAR program, i.e., the gatekeeper,

executive leadership team, and end-users. Key dashboard metrics include top-rated lessons learned



and best practices, the NCDOT’s Innovation Culture Index data, and the CLEAR website’s
analytics data, including the most visited page views and spatial-temporal aspects of webpage
usage. These periodically updated information displays will aid in disseminating useful
information to facilitate decision-making, executing appropriate interventions, and will encourage

end-user participation in the CLEAR program.

To ensure CLEAR’s proper functioning and maximum reach for NCDOT personnel, this
research utilized cutting edge concepts of artificial intelligence (Al) to automate the process of
knowledge perusal to be applied on future projects. In the past, various state transportation
agencies have implemented knowledge repositories in the form of lessons learned/best practices
databases. However, motivating end-users to use such databases is challenging and most such
repositories have been rendered obsolete due to the abandoning by the end-users. This research
addresses this challenge through novel artificial intelligence technology whereby a neural network-
based language model is implemented for CLEAR. The developed methodology involves training
a language model on transportation construction texts and using that trained model in a novel

algorithm enabling users to search the CLEAR database easily.

1.3. Research Approach
The research approach taken here is to utilize the rich knowledge and experiences of

NCDOT personnel that can be harnessed effectively in the form of an efficient lessons learned tool
(Hansen, et al., 1999). The concept that underlies CLEAR is to improve coordination among all
NCDOT Divisions and Units such that CLEAR serves as a knowledge repository, best practices
guide, and readiness indicator for future projects. The CLEAR lessons learned database is intended
to be used by personnel from all 14 Divisions throughout North Carolina as well as by the central

Units. CLEAR thus provides a platform for interagency communication and for personnel to revisit



past experiences that are rich in data. The NCSU research team employed a Design for Six Sigma

approach to accomplish this goal, which is described in Chapter 2 of this dissertation.

1.4. Acknowledgments
This study is a part of a research effort supported by NCDOT Project 2019-15. The NCSU

research team was comprised of researchers from the construction and computer science domains
at NCSU whose project tasks included building the CLEAR knowledge repository for the NCDOT,
creating strategic web-based dashboards, and developing an artificial intelligence (Al) -based
model to enable end-users to search proactively for knowledge within CLEAR. NCDOT personnel

participated during the following periods within the project timeline:

Data-gathering phase while designing the database fields

Risk analysis study phase to list potential risk factors for CLEAR and their associated

mitigation strategies

Design phase of various strategic dashboards for data visualization

Validation phase of the Al model to improve search capabilities

The opinions expressed in this research represent those of the dissertation author and other

NCSU researchers and not necessarily those of the North Carolina Department of Transportation.

1.5. Organization of the dissertation
This dissertation follows the “multiple publication” format. While chapter 2 has been

published in Transportation Research Record (TRR), a peer-reviewed journal, chapters 3 and 4
have been submitted for publication to peer-reviewed journals and are currently under review.
Chapters 2, 3, and 4 constitute the three over-arching components of the dissertation, which

respectively present the establishment and implementation of the NCDOT’s CLEAR program,



creation of the three data dashboards for the CLEAR website, and the Al-based language
processing model that facilitates end-users’ use and subsequent benefits of the CLEAR program.
Although the three inherent papers presented in Chapters 2, 3, and 4 were written originally as
three separate papers, for the purpose of continuity within the dissertation, minor edits have been
made to clarify the time-line, ensure formatting consistency, and to allow for a single reference list
at the end of the dissertation. Each of these chapters has its own introduction, methodology, and
conclusion sections. Chapter 5 summarizes the findings, contributions, limitations, and future work
directions of this research. Table 1.1 provides an overview of the purposes and major contents of
each chapter. Appendices A-F present pertinent materials as it pertains to the development of the

CLEAR program as well as the data dashboards.



Table 1.1. Structure of the Dissertation with Chapter Details.

Chapter Topic Content
. Problem statement, research background and need, research
1 Introduction
approach.
) CLEAR Describing the creation of NCDOT’s new knowledge repository
Framework  called CLEAR using a Design for Six Sigma (DFSS) approach.
Creating web-based strategic dashboards to monitor the progress
3 Data within the CLEAR program which will enable the gatekeeper to
Dashboards  monitor the progress and devise time-critical interventions as may
be necessary.
Developing a natural language processing (NLP) based model
Artificial that makes meaningful connection between the CLEAR text and
4 Intelligence  the domain knowledge for improved search results in displaying
model accurate content the end-users are looking for based on the
entered search keywords.
. Summary, contributions, limitations, and future research
5 Conclusion

directions.
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2.1. ABSTRACT
Valuable lessons learned and best practices gleaned from construction projects often do

not transfer to future generations due to the lack of a formalized process. This ongoing issue gives
rise to the need to impart fresh training to new North Carolina Department of Transportation
(NCDOT) employees once the aging workforce retires or in the event of employee turnover. In
addition, a platform for personnel to record pertinent project information about project successes
and failures is needed. Such information can help solve problems and avoid repeated mistakes.
The aim of this research project is to create a new program called Communicate Lessons, Exchange
Advice, Record (CLEAR) to reposit knowledge gained by NCDOT personnel. Integral to this
program is an internal-only web-based database on NCDOT’s Connect SharePoint portal with MS
Access as its back-end. North Carolina State University researchers (including the dissertation
author) used a Design for Six Sigma (DFSS) approach to identify, define, develop, optimize, and
verify lessons learned/best practices to create the CLEAR database. The database fields were
selected based on end-user input as well as a review of existing data, such as claims and
supplemental agreements, within existing NCDOT data repositories. Training materials, including
videos and standard operating procedures, were created to disseminate information about this new
program. The CLEAR program will help the NCDOT to institutionalize knowledge and is

expected to improve project cost and scheduling variability.



2.2. INTRODUCTION
Construction organizations run the risk of repeated mistakes, with negative financial

implications due to the want of a formalized process to document and institutionalize knowledge
gleaned by personnel. Construction projects are dynamic and keep changing in scope and/or
personnel for various projects over time. Also, construction project management involves
coordinating teams from all phases of the project’s lifecycle (i.e., planning, design, construction,
and maintenance). If information is not documented properly, project participants may not have
access to previous wisdom and contextual information, which can lead to undesirable project
performance (Kamara, et al., 2002). Additionally, uncontrolled external factors, such as utility
coordination, right-of-way acquisition, project funding, and interagency communication, can lead
to delays and claims (Plotch, 2015). According to a survey by Anderson and Tucker (Anderson &
Tucker, 1994), failure to document experiential knowledge is one of the major reasons construction
organizations repeat mistakes. However, because learning occurs on every project, having a
formalized process to record and institutionalize such experiential knowledge can help
organizations be proactive in mitigating possible schedule and cost overrun issues.

Lessons learned databases have been effective in identifying improvements and
innovations within an organization (Carrillo, et al., 2013; Rowe, 2008; Project Management
Institute, 2017; Gibson, et al., 2008). The Project Management Institute (Project Management
Institute, 2017) defines lessons learned as “the learning gained from the process of performing the
project”. Lessons learned is also one of the 17 best practices recognized by the Construction
Industry Institute (CII) for enhanced project performance. The CII report on lessons learned
(Gibson, et al., 2008) cites the three main phases of a lessons learned exercise as collection,
analysis, and implementation. The same CII report also notes that, in any organizational structure,

knowing the information to document and where to document it can impact the effectiveness of a



designed lessons learned tool. As such, lessons learned databases are an effective means to record
and retrieve appropriate information to apprise users about past experiences, both good and bad.
Establishing the right culture and upper management support is also essential to establishing a
successful lessons learned program thereby driving innovation within the organization (Fong,
2005). A recent study also recommends recording knowledge to better navigate complex
regulatory landscapes (Rasoulkhani, et al., 2020). Most organizations have now started to realize

the full potential of a lessons learned program.

2.2.1. Background
The Value Management Office (VMO) at the North Carolina Department of Transportation

(NCDOT) performed a study in 2014 as an initial step towards building a lessons learned database.
The intent was to create a meaningful interface between preconstruction Units and field personnel
and to document useful information about previous projects to act as a reference for future project
planning. The study was referred to originally as the Post Construction Assessment Program
(PCAP) because its primary aim at that time was to capture information about issues that arose
post construction and convey this information to the planning and design teams. Based on
interviews with personnel, an identified need was to have a simple yet robust tool to institutionalize
knowledge gained post construction. However, the VMO saw the need to have a broader focus that
encompassed all NCDOT work, not just the post construction phase.

For this reason, the North Carolina State University (NCSU) research team (of which the
dissertation author was a member), in consultation with the North Carolina Department of
Information Technology (NC DIT), was contracted to develop a new robust tool to institutionalize
knowledge within the NCDOT. This paper describes the effort to design and implement a lessons

learned/best practices database named CLEAR (Communicate Lessons, Exchange Advice,
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Record) for the NCDOT. CLEAR is a Connect NCDOT SharePoint-based internal-only database
that is intended for use mainly by personnel who are associated with any project life cycle stage
within the NCDOT. Personnel from various project phases can now record information related to
issues (both good and bad) that emerged in a particular project and avoid repeating mistakes. As
an example of the need for CLEAR, during the data gathering phase of this project, the NCSU
research team learned that no formal process was available for the design team to know if any
issues or problems related to their designs had arisen during construction or whether any delays
had occurred and/or additional monies were involved. CLEAR is intended to communicate
experiences among personnel so that successes and failures can be shared, recorded, and ultimately
addressed.

The research approach used here is to utilize the rich knowledge and experiences of
NCDOT personnel that can be harnessed effectively in the form of an efficient knowledge
repository program (Hansen, et al., 1999). The NCSU research team employed a Design for Six
Sigma (DFSS) approach (detailed in Section 2.4) to accomplish this goal. The concept that underlies
CLEAR is improved coordination among all NCDOT Divisions and Units such that CLEAR serves
as a knowledge repository, best practices guide, and readiness indicator for future projects. CLEAR
thus provides a platform for interagency communication and for personnel to revisit past
experiences that are rich in data.

The lessons learned submissions are vetted by an Expert Review Panel (ERP) that is
composed of NCDOT personnel who are leaders in their respective fields and have the ability to
inform and make policy changes relevant to their Units or offices. To initiate a submission, an
NCDOT employee would go to the Connect NCDOT CLEAR SharePoint site and fill out the

necessary and relevant information online. The program can autofill some project information, and
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attachments such as photos or documents can be included in the submission. Once the information
is complete, the submission goes to the gatekeeper in the VMO. The gatekeeper reviews the
submission to ensure that it is complete and relevant and then forwards the submission to the ERP
for thorough review and vetting. Once the lessons learned/best practice is approved, the ERP
populates the database. The database is searchable by keywords and offers other functions such as
filtering by county, division, project type, etc.

Figure 2.1 illustrates the way CLEAR aims to collect lessons learned and best management
practices and encourage internal innovation within the NCDOT (Fullerton, et al., 2021). As shown,
CLEAR aims to create feedback loops within the NCDOT for all project phases, Divisions, modes
of transportation, Units, offices, and locations. In this way, the CLEAR program also is expected
to bring organizational changes to improve processes within the NCDOT. The NCDOT will greatly
benefit from this knowledge repository, which in turn will aid in achieving better project

performance.
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Figure 2.1. CLEAR: ‘What You Need to Know’ (Fullerton, 2020).

2.3. LITERATURE REVIEW

2.3.1. Previous Work Regarding Lessons Learned at Other Organizations and
Departments of Transportation

Numerous organizations have benefited from lessons learned tools and programs in order
to tap past experiences and make informed decisions. For example, the National Aeronautics and
Space Administration has both a public lessons learned system as well as an internal lessons

learned system. The United States Army’s Construction Engineering Research Laboratories uses
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DrChecks, which utilizes client-server architecture for online comment sharing among various
parties for discussions that pertain to design documents. In addition, “the CROSS-US [Confidential
Reporting on Structural Safety — United States] is a confidential reporting system to capture and
share lessons learned from structural safety issues which might not otherwise have had public
recognition, with the aim of preventing future failures” (CROSS-US, 2020). The CROSS-US
database is open access to the public and includes a search feature that is based on a construction
taxonomy that has not been shared hitherto as public knowledge.

With regard to transportation organizations, the Indiana Department of Transportation
(INDOT) was an early adopter of a lessons learned database. McCullouch and Patty (McCullouch
& Patty, 1994), researchers at Purdue University, conducted a series of interviews with INDOT
personnel to improve coordination between the design and construction teams with the ultimate
aim to achieve a better constructability review program. The team developed a windows-based
constructability lessons learned software application using Visual Basic and employed Folio
Views to store, index, and retrieve the constructability lessons learned in text form (McCullouch
& Patty, 1994).

The Kentucky Transportation Center at the University of Kentucky conducted a similar
research activity to develop a web-based lessons learned database that could accept files both in
text format and image format. For the Kentucky Transportation Center project, Goodrum et al.
(2003) surveyed resident engineers, contractors, and consultants to obtain an initial understanding
of their vision of a perfect lessons learned database. The users associated with the database was
classified into three categories, i.e., end user, gatekeeper, or administrator, with each of their
functions clearly stated. The database was structured in two parts, one for users to enter new

lessons learned and the other for storing and retrieving cleaned-up lessons. MS Access was
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implemented for data storage and retrieval and MS FrontPage was used to accept lessons learned
input from users. The database also had provisions to search for specific terms within the database
fields to yield specific results that would be helpful for design teams during a constructability
review. However, the implementation effort did not fulfill its intended purpose, as the lessons
learned database became defunct once its 2,000-row limit was reached. That is, failure to mitigate
the risk of running out of space beyond the permissible 2000-row limit led to the ultimate failure
of this database.

Retaining existing personnel and retraining new personnel are challenging issues that most
US DOTs have been facing on a regular basis for quite a few decades. For example, between 1992
and 2003, the Virginia Department of Transportation (VDOT) witnessed the departure of over 30%
of its personnel, many of them with more than 30 years of experience, which led to a significant
decrease in experiential knowledge (Clark & Hammer, 2008). As a result, VDOT’s Knowledge
Management Division was created in 2003 to help retain knowledge and maintain the work culture
despite organizational changes in complex environments. This Division was also in charge of
facilitating a smooth transition for VDOT personnel in finding the right balance between a
bureaucratic way of doing things (what had worked well in the past) and a more business-oriented
approach (focused on time and monetary savings). In April 2007, VDOT implemented an agency-
wide construction lessons learned initiative to capture lessons learned from previous experiences
in order to bring about changes in processes, procedures, and contract language. To this regard,
VDOT commissioned Communities of Practice (CoPs) as a primary tool to encourage knowledge-
sharing and the create networks among individuals and across silos throughout the agency. A CoP
is a group of people “who share a concern, set of problems, or a passion about a topic, and who

deepen their knowledge and expertise in this area by interacting on an ongoing basis” (Wenger, et
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al., 2002). The VDOT’s CoPs were composed of teams of at most 15 people from varied
backgrounds in terms of their work expertise and/or geographic location. These teams convened on
a schedule that worked well for all team members, which included the Knowledge Management
Division team member, to share successes and failures and identify opportunities to improve
workflow processes. The meeting notes, decisions, and actions were documented on the VDOT
website for common documents within the agency’s portal. The CoPs acted as a link between VDOT
personnel and upper management to articulate information that could be used for reviewing and
amending policy. Although this VDOT CoP effort is no longer active, it nonetheless can provide
useful insights into developing strategies for effective knowledge retention within an organization.

More recently, other transportation organizations and DOTs also have developed
knowledge repositories in the form of databases. For example, the Kentucky Transportation
Cabinet funded a study to develop a constructability lessons learned tool for use during the design
phase to improve project outcomes (Stamatiadis, et al., 2013). Also, the Federal Highway
Administration (2017) has compiled a list of lessons learned from DOTs throughout the United
States for various transportation-related projects. This database is open-access to the public and
contains lessons learned in text format from various projects and project phases. The USDOT has
a lessons learned database for its Intelligent Transportation Systems (ITS) called ITS Lessons
Learned Knowledge Resource (LLKR) (ITS Joint Program Office, 2020). The LLKR database
captures information from users who are involved in planning, deployment, operations,
maintenance, and evaluation of ITS throughout the United States. This database is heavily reliant
on information gathered from other related databases, such as ITS case studies, the ITS Electronic
Document Library, the Transportation Research Board’s Transportation Research Information

Services and conference proceedings, and international transportation literature databases. The
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LLKR is open-access to the public and can be searched for lessons learned using keywords or by
filters based on location and/or categories.

The Colorado DOT (CDOT) created a program called Lean Ideas Everyday to encourage
users to upload innovative suggestions and adopted practices to improve existing methodologies
by clicking on ‘I fixed it!” and ‘I suggest!” respectively. Although this database accepts information
entry by authorized personnel only, the public has open-access to Idea Cards that provide details
about a few select innovations and how their use has helped the CDOT to improve its workflow
processes. The Lean Ideas Everyday database was developed primarily using Google products,
such as Google sheets and slides (CDOT, 2018).

Fong and Yip (2006) assessed the level of readiness of construction professionals in Hong
Kong to implement lessons learned systems within their organizations. One of their key findings
was that construction personnel preferred not to record lessons learned while the project was

ongoing, which could lead to the loss of important knowledge.

2.3.2. Lessons Learned from Previous Lessons Learned Database Designs

Goodrum et al. (2003) devised a list of suggestions for successfully designing and
implementing a lessons learned database, summarized as follows:
e Lessons learned systems require a champion who is knowledgeable about the organizational
work processes and possessing exceptional people and communication skills.
e Lessons learned systems should be simple and easy to maintain, and should not be used to
criticize mistakes.
e The success of a lessons learned system depends on the end-users and their willingness to

embrace the process.

17



24. METHODOLOGY

The NCDOT’s VMO conducted a preliminary study in 2014 to collect lessons learned from
various NCDOT Unit personnel and staff. The staff identified the need for a formal medium to
communicate information about projects within the NCDOT. The lack of a medium to store
knowledge gained on project sites led to the conception of the PCAP in 2017, which in turn led to
NCSU researchers being contracted to help develop a new lessons learned database for the
NCDOT. During the ongoing research efforts, the PCAP was renamed CLEAR (Communicate
Lessons, Exchange Advice, Record) in 2018, as the project entailed capturing knowledge
throughout the NCDOT, not just during project post construction as initially envisioned. Thus, the
scope of the CLEAR program expanded to accept submissions from personnel throughout the
NCDOT, submissions that related to any work within the NCDOT, including but not limited to
new telecommuting practices, program enhancements, and operational improvements, not just
ongoing projects as initially envisioned in the PCAP.

The NCSU research team consulted the literature that focused on earlier lessons learned
databases to ensure that CLEAR was user-friendly to promote its longevity. The research team
took precautions to avoid the problems that had been experienced in earlier research efforts at other
agencies. To this end, the NCSU researchers employed the DFSS approach to design and create
the new and robust lessons learned database. The five stages of the DFSS methodology, i.e.,
identify, define, develop, optimize, and verify (IDDOV), form the basis of the final research
outcomes. Note that the transition from the PCAP to CLEAR did not warrant any special measures
with respect to the database design and the IDDOV model because the transition involved minor
modifications in the database fields (specific to three new data entry forms — lessons learned, best

practices, and solution needed) with no major changes necessary.

18



2.4.1. Design for Six Sigma (DFSS)
The DFSS methodology is a systematic and disciplined problem prevention approach that

is widely used to design new robust engineering systems. In addition to the IDDOV (Identify,

Define, Develop, Optimize, and Verify) model, a few other models use DFSS for generic

technology development, including DOV (invent, innovate, develop, optimize, verify), CDOV
(concept, design, optimize, verify), and DMADYV (define, measure, analyze, design and verify)
(Hu, et al., 2004). Although these models have their own benefits and drawbacks, the NCSU
research team decided to utilize the concepts of the closed-loop IDDOV model that starts and ends
with the customers. For this project, ‘customers’ refers to NCDOT end-users. Moreover, the
IDDOV model fits well within the scope of the software development lifecycle to minimize defects
(Delvin & Mergen,2009), although this feature is out of the scope of this paper. The research team thus
decided to use the concepts that underlie the IDDOV model, which appeared to be the most suitable
of the various DFSS options, to design and build an error-free robust lessons learned database
(Banerjee, et al., 2020). Appendix — A describes the five steps of the IDDOV model as applied to

the CLEAR database.

2.5. FINDINGS

The following subsections provide insights into the findings obtained using the IDDOV
approach. Each subsection pertains to ways that the IDDOV phases tie in with the CLEAR program
and the findings at each of these five stages.
2.5.1. Phase 1: Identifying Trends and Database Fields

The NCDOT VMO provided the NCSU research team with contact information for
potential interview candidates. The research team then sent interview requests to 66 potential
respondents at the NCDOT. During this phase of information gathering, the research team

conducted 32 interviews with 46 personnel who had a total of 813 years of work experience. Figure
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2.2 shows the respondent participation in terms of the respondent’s associated project phase at the
time of interview. The interviews were conducted both in person and by phone with personnel
from multiple project phases, such as preconstruction, design (e.g., safety and structures),
construction, and maintenance. The research team also conducted interviews with NCDOT
personnel who worked in the areas of materials, design-build, and facilities management, which
afforded the research team opportunities to explore diverse perspectives from within the NCDOT.
Overall, the interview process helped the research team to obtain in-depth feedback about extant
processes of information exchange and to determine the fields to be included in the new lessons

learned database. Appendix — B presents the interview guide.
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Figure 2.2. Interview details by project phase
The NCSU research team carefully documented the input from these interviews in order
not to miss any important piece of information. For each interview, the team prepared at least two
sets of notes and entered the information, whether obtained in person or by phone, into a MS Word

file. Following each interview, the notes from all the research team members were combined to
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prepare a comprehensive list of responses. By the end of this phase, the team had gained a good
sense of current organizational practices to communicate lessons learned within the NCDOT and
determined the proper direction to proceed with designing the lessons learned database fields.
Appendix — C presents the end-user database design considerations.
2.5.2. Phase 2: Defining the Database Fields

The initial version of the developed database had a single lessons learned/best practices
form that was based on input gathered during the first phase. This form was divided into three
segments. The first segment recorded basic user information, such as name and Division, and office
information, including email and telephone number. This information was not displayed while
displaying appropriate search results, but was only for the gatekeeper to be able to contact the end-
user in case any missing or additional information was needed. The second segment recorded
information about the issue and solution that were entered. Users could include attachments, such
as pictures, pdfs, revised contract language, and other relevant files, to make the input contextually
easy to understand. The third segment recorded project information that pertained to the lesson
learned or best practice. A few fields in this segment were intended to be populated from other
internally linked databases to expedite data entry and encourage participation. However, based on
the VMO’s input and other studies, such as the risk assessment study (described in Subsection
2.5.5.1), this initial common form for lessons learned/best practices formed the basis for the current
three forms used for lessons learned, best practices, and solutions needed, respectively.

Principal Stakeholders

The principal stakeholders involved with the CLEAR database are as follows:
End-users: End-users are NCDOT personnel who are responsible for entering useful

lessons learned and best practices based on knowledge gained at project sites. They also are

21



responsible for searching for relevant information to understand previous circumstances to avoid
the repetition of mistakes and problems. These end-users must have an NCDOT email; the CLEAR
portal is not currently accessible to those outside the NCDOT but this feature may be part of a
future iteration.

Gatekeeper: The VMO at the NCDOT serves as the gatekeeper for CLEAR and is
responsible for checking for completeness of the submissions, forwarding the submissions to
taskforce members, and subsequently approving/rejecting the submissions after receiving the go-
ahead from taskforce members. The gatekeeper is responsible for tracking the submission through
to its acceptance/rejection and identifying next steps for implementation. The gatekeeper identifies
key players, helps establish goals, and guides the output towards appropriate integration. The
gatekeeper can identify whether or not Lean Six Sigma or risk assessment is needed for a particular
submission and/or help bring together similar efforts together to eliminate redundancies and
improve communication on similar projects.

Task Force: The task force is composed of experts from various disciplines who are
responsible for ensuring the quality of the content that is uploaded to the database. Based on its
review of each submission, the task force then informs the gatekeeper of its decision to accept or
reject the submission. Note that the task force consists of experts who cover all disciplines of work,
and the gatekeeper selects the Expert Review Panel (ERP) from this pool of experts based on the
experts’ relevance to the submission.

Innovation Coordinators: These coordinators are highly motivated to encourage their Units
or offices to participate in the CLEAR program, thereby supporting innovation. An Innovation
Coordinator is available in each of the Divisions and Units within the Division of Highways and

Modes of Transportation. The coordinators have a shared workspace to exchange ideas about ways
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to best engage the members of their Units and then provide feedback to the gatekeeper about
improvements to the program for their Units.

Technical Advisory Group (TAG): A TAG is composed of taskforce/ERP members who
focus on specific topics or areas and collectively review lessons learned/best practices submissions
and establish goals for solutions. A TAG is not a standing committee, but is created as needed with
the goal to implement submissions obtained from the CLEAR program, which keeps TAGs fresh
and active. TAGs are multi-disciplinary and multi-modal to enhance communication and cross-
collaboration. TAGs also can solicit requests for submissions from end-users. They work to make
sure new ideas are being implemented in conjunction with ongoing improvement efforts, which
eliminates the likelihood of redundancy or incomplete initiatives.

Technical Coordination Committee (TCC): The TCC is composed of upper management,
multi-disciplinary and multi-modal representatives, and external partners who provide guidance
and review from a high-level and/or industry perspective. The TCC is used when external
partnerships are needed to implement an idea or pilot an initiative. The TCC also would be tapped
to search for external funding if needed. Note that the TCC is an iteration of the Federal Highway
Administration’s State Transportation Innovation Council (STIC) Incentive Program committee,
which is familiar to most DOTs.

Figure 2.3 presents a schematic illustration of the CLEAR workflow, which shows the role
of each principal stakeholder’s participation in the submission process. The figure provides a detailed
description of the submission process and workflow in terms of the submitter (end-user),
gatekeeper, and ERP (task force). The two stars indicate the stages where an email is sent to the
submitter. Figure 2.4 presents the steps followed in the CLEAR system, starting with a user-

initiated submission and ultimately leading to an implemented innovation. The three stars mark the
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stakeholders involved in the process of submitting and approving entries in CLEAR. Once an
NCDOT employee submits an entry, the gatekeeper checks for completeness of the data and
forwards the submission to the appropriate ERP/taskforce member. The taskforce member then
decides to accept, reject, or solicit additional relevant information regarding the entry. The
stakeholders are kept informed at each pertinent stage by email so that they can keep track of the
submission. One of the end-goals of the CLEAR program is to encourage organizational
innovation among all Units and Divisions. Therefore, if an idea cannot be implemented at the first
line Expert level, but requires continuous communication and review efforts, a TAG would be
formed to work towards the goal of implementation. Should external partnership or support be

needed, the TCC would be engaged to assist in the implementation effort at this level.
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Figure 2.3. CLEAR Workflow from the inception till the end
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2.5.3. Phase 3: Database Development and Respondent Feedback
In the initial effort, the NCSU research team gathered 42 lessons learned and best practices

from 19 end-users and from two pilot projects. The research team contacted NCDOT personnel
who had participated during the data gathering phase to build the lessons learned repository. The
19 respondents provided their lessons learned/best practices by telephone. In addition to gathering
these telephone data, the research team also visited two pilot projects and gathered lessons learned
and best practices by observing the project sites and talking with site personnel. The two pilot
projects were the East-End Connector project in Durham, NC and the Pitt County’s Resident
Engineers Office in Division 2. The effort to solicit as many high-quality lessons learned as
possible from end-users, such as site engineers, inspectors, resident engineers, and other project
personnel, is ongoing whereby users can enter information in the CLEAR database using the

Connect SharePoint portal.

2.5.4. Phase 4: Optimize for Best Results

CLEAR is envisioned to be “a program to support internal communication, knowledge
sharing, creativity, and innovation” (Fullerton, et al., 2021). The success of this program hinges
on the end-user’s willingness to embrace and enter useful knowledge into the database in the form
of lessons learned, best practices, or solutions needed. In order to achieve this goal, the NCSU
research team devised a strategy to promote the use of the CLEAR program among NCDOT
personnel. This strategy was aimed to develop the best possible ways to encourage participation
by incorporating user preferences and possible incentives. With this strategy in mind, the NCSU
team developed a survey with a list of questions that asked NCDOT personnel regarding the
CLEAR program. The survey results indicated that the end-users were mainly looking for a robust

yet simple and user-friendly database.
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2.5.5. Phase 5: Verify Database Based on User Feedback

2.5.5.1. Risk Assessment Study
Once the NC DIT (North Carolina Department of Information Technology) had set up the

CLEAR database in the SharePoint portal, the database needed to be validated by the end-users.
For this task, the VMO at the NCDOT conducted a one-day risk assessment study of the CLEAR
program in November 2019. The aim of this study was to understand the possible risks that could
arise out of this program and possible mitigation measures. Figure 2.5 provides a breakdown of the
severity of the risks. The study had 21 participants who identified 65 risks, of which 51 risks were
deemed to require mitigation. Appendix D is an extract from the internal memo sent to various
NCDOT personnel selected by the Value Management Office for the CLEAR Program Risk

Assessment held on November 21, 2019.
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Figure 2.5. Risk classifications identified from CLEAR risk assessment study

The identified risks were categorized based on topics such as search, collection, integration,
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sharing, and recognition. The VMO, in consultation with the study participants, devised proposed
mitigation strategies for these risks and subsequently delegated this work to the appropriate
authorities to implement proper mitigation measures. For further information about this study and
the identified risks, visit the NCDOT website (Jaselskis, et al., 2021). Most of the risks were related
to the end-users and classified into two main categories: (1) the willingness of end-users to submit
information and use the portal and (2) the accessibility and ease with which the portal could be
used. Making the portal easier to use helped to address the willingness concern.

Based on the risks identified from the risk assessment study and work undertaken at other
DOTs, such as CDOT, the NCSU research team developed three forms to replace the existing
single form in CLEAR while preserving as best as possible the already created database fields.
These three forms are used respectively to input information about (1) lessons learned, (2) best
practices/ideas, and (3) solutions (or control measures) that are needed to address the
obstacles/challenges faced at project sites. Figure 2.6 shows a snapshot ofthe landing page where
the user can select the appropriate form to share his/her knowledge. The research team also
developed sets of standard operating procedures (SOPs) for end-users and for the ERP,
respectively, to provide information about how to use the appropriate functionality. For end-users,
the SOP explains how to enter information in the three lessons learned, best practices, and solution
needed forms and to search for content in the database. For the ERP, the SOP details the best
practices to review and provide suitable disposition for the entries. The NCSU research team, in
consultation with the VMO, also prepared a list of definitions and frequently asked questions
(FAQs) that are currently uploaded onto the CLEAR website. All stakeholders associated with the
CLEAR program can make use of these documents to become familiar with relevant terminology.

The NCDIT, which is responsible for the technical creation, development, and management of the
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portal, has updated the forms, improved wording for the workflow, and is working on an improved

search feature for keywords to make the site more user-friendly to encourage participation.
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The NCSU research team developed several strategies for various stages of implementation
to enhance user participation in the CLEAR program. The first was a systematic roll-out that
included recorded and live training sessions. This targeted training allowed the VMO to explain
how the program would fit into the everyday tasks of the specific group. The training provided a
live demonstration of how a submission is entered, how it is reviewed, and how it is addressed in
order to demonstrate the efficiency of the process. In addition, the VMO team is working with the
NCDOT Communications Department to share successful outcomes whereby an end-user’s
submission is being implemented or integrated by the NCDOT. The last implementation measure
that is underway is a NCDOT-wide challenge designed to solicit participation from all NCDOT
personnel to share their responses to a particular challenge or problem. This idea is utilized by
other DOTs and has been especially successful in California by Caltrans (Briseno, 2015). In order
to gauge the effectiveness of this strategy, the VMO sponsored a challenge for Innovation
Coordinators only, which allowed the team to pilot the challenge initiative using a small group.
The pilot was successful and captured nearly 40 submissions from the Innovation Coordinators
who participated. The communication effort, topic question requests, implementation of ideas, and
the idea’s recognition in a broader context within the NCDOT were all adjusted as part of this pilot
effort. The VMO has been able to take thelessons garnered from the pilot initiative and has been
effectively holding such challenges throughout the NCDOT since spring 2021.
2.5.5.2. Lessons Learned to Lessons Remembered

In line with the organizational goal of the CLEAR program to institutionalize knowledge,
the research team prepared a sequence of steps to make the lessons learned easy for users to
remember. During the lessons learned data gathering phase for the CLEAR database, the research

team realized significant project concerns that related specifically to utilities. The concerns
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included, for example, utilities not being moved within the agreed-upon timeframe, unknown
utilities discovered during construction, and other unexpected utilities conflicts that led to claims
and supplementary agreements, which ultimately increased project costs and extended schedules.
The research team carefully analyzed NCDOT utilities claims data for 1996 through 2018,
extracted via HHICAMS. The NCSU team also carried out a literature review to understand ways
that other state DOTs mitigate potential utilities issues for their projects. A major takeaway from
this data analysis is that, for projects affected by utilities claims, project costs can increase by about
2.4%, with schedules delayed by 70 days on average. Therefore, the research team developed
possible interventions and key mitigation strategies for utilities issues based on the extant
literature, personnel responses from interviews, and HICAMS claims data provided by the VMO.
The NCSU research team provided this information to the NCDOT Ultilities Unit for further action.
This sharing of knowledge may lead to revising contract language that pertains to utilities
providers and specifications in order to detect underground utilities by ensuring that proper
subsurface investigations are performed on all projects, thus turning the lessons learned into
lessons remembered.
2.5.5.3. Training Materials

The NCSU research team developed ‘how-to’ training videos using the video-making
software VideoScribe. Appendix E shows sample screenshots from a training video on how users
can enter lessons into the CLEAR database. These training videos were created for all three forms
and describe how an end-user can enter information in the appropriate forms. The research team
also prepared training materials as ‘kiosk’ forms that are designed for maintenance personnel who
do not have access to the Connect NCDOT portal to enter information. All the training materials,

including the videos, are available in the CLEAR portal so that end-users can become familiar with
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ways to share information using the CLEAR program.
2.5.54. Online Training

The VMO has in the past organized and is organizing online training sessions for personnel
in an effort to achieve broader outreach about CLEAR from various NCDOT Divisions/Units. This
training is part of the systematic roll-out to bring Units on board one at a time or in small groups.
By focusing the roll-out on small groups, the team was able to pilot the training materials and
methods. The purpose of these training sessions was to introduce CLEAR and explain CLEAR’s
potential benefits to the participants and the NCDOT as a whole. The first online training session
was held in May of 2020 using Microsoft Teams for about 30 participants from the Hydraulics and
Aviation Divisions. The session was a nearly two-hour event with 1.5 professional development
hours and included a history of the development of the CLEAR program, the purpose of the
program, the programmatic efforts, and technical ‘how-to’ details. The session also included a live
look at the online portal and identified where supplemental training materials could be found. A
break before the next training session allowed the effects of the training to be measured and for the
VMO to conduct follow-up discussions with the Units. For the second training session held in July
2020, about 100 participants from the Photogrammetry and Location & Surveys Units participated.
This session was the first training event for the entire Technical Services Unit that is comprised of
ten different design units. Each training event was conducted for two groups at a time to minimize
the number of sessions conducted by the VMO and to show that cross-discipline communication
is a key function ofthe CLEAR program.

Following these training sessions, the VMO decided to take a new approach for the Central
Construction Unit for the next roll-out that took place in October 2020. This roll-out included a

shortened prerecorded training video about the background and development of the program, the
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programmatic efforts, and a brief view of the portal. The Unit personnel were given two weeks to
watch the prerecorded training video. As follow-up, the VMO conducted two lessons learned
workshops that included brainstorming activities to encourage the sharing of lessons learned and
best practices and a live demonstration of the submission process on the portal. The VMO team
demonstrated how the submission moved through the review process and became an accepted
lesson learned. The VMO team also explained the process for a submitter to become part of the
broader implementation plan, if he/she so desired. This format has been utilized in subsequent roll-
outs because it allows for hands-on participation in the program and meets the objectives of
providing NCDOT personnel with background information and a thorough understanding of the
vision as well as details regarding participation that are common to all employees at the NCDOT.

The overarching goal of the live demonstration in the training sessions is to illustrate that
making a submission is a quick and straightforward process. This training format will be altered
slightly for personnel in the field. In this instance, a video of how to enter the submission into the
kiosk will be included by soliciting support from one of the Innovation Coordinators who works
in the field.

Although these training sessions were planned initially for face-to-face gatherings, due to
COVID-19 they were converted to an online format. The research team worked closely with the
VMO in preparing the training materials and providing support in order to obtain feedback about
the presentations. A feedback form provided at the end of the sessions allowed the participants to
share their opinions about the CLEAR program and the efficacy of the online presentation. Data
analysis of the feedback survey results revealed the following information:

* 32 valid responses were received, of which 28 were complete in all respects.

* The total NCDOT employee work experience was 516 years, with a mean of 16.65 years.
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* The users ranked the order of usage preference for the CLEAR forms as lessons learned,
best practices, and solutions needed, in that order, as can be seen in Figure 2.7.
* Most the respondents strongly agreed that the training met their needs and that they would

be willing to contribute to the CLEAR program.
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Figure 2.7. Ranking of three CLEAR forms based on user feedback
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2.6. CONCLUSIONS
Lessons learned can be an effective mechanism to document and retrieve wisdom gained

from previous experiences and apply this knowledge for better outcomes. The CLEAR lessons
learned/best practices database within the NCDOT will facilitate improved coordination between
inter- and intra-departmental personnel. The overall aims of this database are to achieve superior
design performance and thus reduce the frequency and impacts of change orders, enhance
cooperation, and ultimately achieve improved operational performance. Two important
considerations here are that (1) project teams are dynamic which seldom repeat on different
projects and (2) the aging workforce might retire before their knowledge can be documented. In
either case, a significant amount of wisdom would be lost if this information were not documented
in a proper lessons learned/best practice database. The CLEAR program provides scope for the
next generation to implement these lessons learned/best practices to realize desired project goals.

This research effort resulted in an internal-only web-based database that is housed within
the Connect NCDOT SharePoint portal and contains information about lessons learned and best
practices from ongoing or previous projects. Authorized personnel now have the ability to input
data as well as search for information through this web-based database. The CLEAR training
materials, including SOPs and training videos, will continue to assist NCDOT personnel to
contribute effectively to this program. The CLEAR program also is expected to encourage end-
users to share knowledge gained on projects and search for relevant lessons using the search
function. Project teams across Divisions and Units at the NCDOT will greatly benefit from this

rich and robust knowledge database.

2.7. FUTURE SCOPE
The ultimate success of the CLEAR program will depend on the extent to which end-users

are proactive about entering and searching for relevant lessons to be applied to their projects. A
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data dashboard is envisioned to ensure timely intervention by experts (e.g., upper management
personnel, the ERP, and TAGs) to institutionalize knowledge based on the lessons learned and best
practices entered. The dashboard will display the most frequently recurring words/phrases based
on text-mined data obtained from the submissions. A word cloud generated from the text will serve
as an initial exploratory method to view the most frequently occurring words. Figure 2.8 presents
a sample word cloud embedded in a map of North Carolina that has been generated from the
lessons learned entered to date. Note, however, that the words in no way denote or indicate
geographical representation on the map. That is, theplacement of any word in the word cloud is

completely randomly generated.
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Figure 2.8. Word cloud generated from text entered for lessons learned in CLEAR

The NCSU research team is also working on other functionalities, such as visualizing bi-
grams and tri-grams (phrases with two words and three words, respectively). Based on preliminary
discussions with the VMO at the NCDOT, Microsoft PowerBl is anticipated to be used as the data
visualizing platform, as the NCDOT has access to Microsoft-related products and thus the program
would be easy to integrate within CLEAR’s workflow processes. The research team also is

considering Tableau and Smartsheets as other data visualization options, although the
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organization-wide implementation of these tools must be explored carefully before a final decision
can be made.

The NCSU research team also will use machine learning techniques such as natural
language processing to automate the identification of topics from entered lessons learned/best
practices. In order to facilitate effective communication among units, the team will identify the top
lessons learned/best practices that relate to the daily workflow process of future projects and
encourage their perusal. This process will help users to review past knowledge and make necessary
changes to ensure that the knowledge gleaned from past experience is applied and mistakes are not
repeated. At this point, the NCSU research team is trying to conceptualize ways to use state-of-
the-art machine learning techniques effectively to yield best results for the NCDOT. In the long
run, the CLEAR program will efficiently integrate with the NCDOT’s work culture through
accountability and innovation on the part of NCDOT personnel.

[Note that the two components of this Future Scope section, i.e., the dashboard concept and
natural language processing model, are the respective focal topics for Chapters 3 and 4 of this

dissertation. ]
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3.1. ABSTRACT
The North Carolina Department of Transportation (NCDOT) has created a web-based

knowledge management program called Communicate Lessons, Exchange Advice, Record
(CLEAR) as an official internal platform for end-users to promote employee-generated innovation
and to institutionalize organizational knowledge. Through CLEAR, end-users can enter lessons
learned and best practices gained in the workplace and solicit solutions to any ongoing issue they
encounter with regard to NCDOT projects. Reusing knowledge from an improperly managed
database, however, can be problematic and can cause substantial financial loss and reduced
productivity for an organization. Such poorly managed databases can lead to failure to disseminate
knowledge across the organization. Data-driven dashboards offer a promising solution by
facilitating evidence-driven decision-making through increased access to information in order to
disseminate, understand, and interpret datasets. To this end, North Carolina State University
researchers developed three strategic web-based data dashboards in Tableau and mapped out the
dashboards’ designs through extensive consultation with all the key stakeholders of the CLEAR
program, i.e., the gatekeeper, executive leadership team, and end-users. The key dashboard metrics
include top-rated lessons learned and best practices, the NCDOT’s Innovation Culture Index data,
and the CLEAR website’s analytics data, including the most visited page views and spatial-
temporal aspects of webpage usage. These real-time information displays will aid in disseminating

useful information to facilitate decision-making and execute appropriate interventions and will
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encourage end-user participation in the CLEAR program. In the long run, the data dashboards will
bring organization-wide improvements in terms of project delivery and desirable project outcomes

to the NCDOT via CLEAR.

3.2. INTRODUCTION
Transportation projects are dynamic in nature and typically are not identical. Project teams

are comprised of several team members, including the owner and other investors, architects and
the engineering team, and contractors and their subcontractors. Even with the advent of big data
and artificial intelligence to aid the analysis of construction data, the growing size and complexity
of construction projects continue to present data analysis challenges. Personnel have the added
burden to complete complex projects under conditions of uncertainty in less time, but without
sacrificing cost and quality and without leaving customers and end-users dissatisfied (Laufer, et
al., 1996). As such, traditional tools and techniques that were developed for simple projects have
been rendered ineffective for complex projects (San Cristobal, et al., 2018). Thus, the ability to
collect real-time information about projects in order to deliver time-critical interventions is
necessary and important (Russell, et al., 1997). Moreover, many organizations, including state
departments of transportation (DOTs), are facing personnel turnover, which has exacerbated
stressful situations related to complex construction projects and demands additional measures at
the organizational level to document knowledge gained by project personnel. Furthermore, due to
such organizational turnover, project teams can change composition during ongoing projects,
which can lead to instability and ultimately to project failure (Parker & Skitmore, 2005; Wong &
Radcliffe, 2000). Organizations have begun to realize that knowledge, in addition to other
resources such as labor, land, and capital, is an invaluable asset and is crucial for delivering high-

quality end products.
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The knowledge gained by project personnel can be classified as explicit, i.e., can be
properly explained and documented using formal systematic language, or tacit, i.e., is deeply
rooted in action and cannot be easily documented using formal systematic language (Nonaka &
Takeuchi, 1995). The three stages of the knowledge management process are knowledge
acquisition, knowledge sharing, and knowledge use. The proper implementation of these stages
has been found to lead to enhanced organizational innovation, which in turn helps the organization
remain competitive (Obeidat, et al., 2016). However, organizations are finding it increasingly
difficult to extract and reuse suitable tacit knowledge, although recent research has suggested ways
to overcome such limitations (Smith, 2003; Rezaei, et al., 2021). Another concern is that
employees may limit their knowledge-sharing for fear of diminishing their power, or the
perception thereof. A strong organizational culture and appropriate steps towards innovation are
necessary to motivate and encourage employees to share knowledge (Singh, 2018).

Lessons learned databases are an effective tool for storing and retrieving knowledge that
has been gleaned by project personnel. Lessons learned are composed of the learning gained from
the process of performing the project. The Construction Industry Institute (2005) recognizes
lessons learned as one of its 17 best practices for organizations to deliver high-quality projects
because lessons learned facilitate the continuous improvement of processes and procedures. In the
United States, many public entities have existing lessons learned resources in place for knowledge
repositing. For example, the National Aeronautics and Space Agency has both public and private
lessons learned databases. The U.S. Army, the Federal Highway Administration, and the U.S.
Department of Transportation (US DOT) are other public entities that have lessons learned
databases. However, limitations exist despite having robust knowledge management practices in

place. For instance, a lessons learned database runs the risk of becoming obsolete if the end-users
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do not find much value from its use or find it cumbersome to use, which adds burden to their daily
activities (Ganopol, et al., 2017).

Technology can play a vital role in ensuring that organizations can obtain end-users’ buy-
in to use knowledge management sources (Rezaei, et al., 2021). Increasingly, organizations are
relying on business intelligence tools to keep track of resource usage to maintain continuity of
their end-users’ contributions to innovation (Briggs & Cafaro, 2021). Visual data representations
of such information via commercially available tools such as Tableau, Power BI, or Microsoft
Excel can yield the real-time status of a database’s use for storing, retrieving, and reusing
knowledge about construction projects. Most of the extant literature regarding the use of such
robust visualization tools for construction projects focuses on improving communication among
stakeholders by visualizing project control data using Building Information Modeling (BIM) (Ho,
et al., 2013; Mehrbod, et al., 2019; Li, et al., 2019; Lin & Golparvar-Fard, 2020).

This paper presents a novel method to create web-based data dashboards using Tableau,
one of the popular commercially available data visualization tools, to monitor the status of a newly
developed knowledge repository program. To the authors’ knowledge, no past research has been
conducted, nor is any DOT currently using Tableau, to generate insights from DOT knowledge
repositories within the United States, and thus, the development of such dashboards is a useful
contribution to the body of work. In addition, these data dashboards are anticipated to foster
enhanced knowledge-sharing among end-users and encourage internal organizational innovation.
The structure of this paper is first to provide background about the research effort and the concept
of data dashboards, then to describe previous work on this topic in a brief literature review, present

the methodology used for the development of the data visualizations, describe each of the three
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developed data dashboards, and conclude with the importance of this work and its implications in

the field of robust organizational knowledge management to improve workflow processes.

3.2.1. Background
The North Carolina Department of Transportation (NCDOT) recently commissioned a

web-based internal-only knowledge repository program named Communicate Lessons, Exchange
Advice, Record (CLEAR), referred to simply as CLEAR in this paper. The Value Management
Office (VMO) of the NCDOT commissioned CLEAR in Fall 2019. North Carolina State
University (NCSU) researchers (which included the dissertation author) designed CLEAR to
promote cross-Unit communication and knowledge-sharing within the NCDOT, thus leading to
organizational enhancements through an easy-to-use technical platform. The NCDOT’s VMO is
the gatekeeper of CLEAR and is responsible for ensuring the high quality and timely evaluation
of submissions. The NCSU research team developed this robust program and applied a Design for
Six Sigma approach for an existing Microsoft SharePoint portal, with Microsoft Access as the
back-end database for storing and retrieving data (Banerjee, et al., 2020). NCDOT personnel/end-
users can use this internal-only database to enter useful information gained in their day-to-day
work using one or more of three forms to submit a: (1) lesson learned, (2) best practice or idea,
and/or (3) solution. End-users can use the first two submission forms to input work experiences
gained during construction projects and the third form to solicit solutions from other users for any
current obstacle(s) faced (Fullerton, et al., 2021). Figure 3.1 shows the purpose and various stages

of a CLEAR submission before it becomes institutionalized knowledge.
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Figure 3.1. Various steps involved in CLEAR before a submission becomes institutionalized
knowledge (Fullerton, 2020)

As the gatekeeper for CLEAR, the VMO is responsible for checking the completeness of
each submission, forwarding the submission to taskforce members, and subsequently
approving/rejecting the submission after receiving the go-ahead from the taskforce members. The
gatekeeper is responsible for tracking the submission through its acceptance to the portal and
identifying next steps for implementation. In other words, the gatekeeper is the champion of the
CLEAR program and is tasked with the responsibility to ensure the proper functioning of
CLEAR’s workflow processes.

3.2.2. Data dashboards

The term ‘dashboard’ dates back to 1846 when it was first used to describe the board or

leather apron on the front of a vehicle that kept mud from splashing into the interior (Mattern,

2015). It was not until 1990 that the Oxford dictionary coined the term ‘dashboard’ to refer to a
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screen that displays a graphical summary of meaningful and pertinent information for the benefit
of managers to make appropriate time-critical interventions. Today, dashboards can be found in
almost all sectors of life, including healthcare (Weiner, et al., 2015; Zhang, et al., 2011), business
analytics (Erkollar & Oberer, 2016; Rasmussen, et al., 2009), crisis management (Bharosa, et al.,
2010), and education (McCoy & Rosenbaum, 2019; Liu & Nesbit, 2020) to name a few. More
often than not, dashboards consist of widgets that represent the organization’s key performance
indicators (KPIs), also referred to as project metrics. The constant monitoring of these KPIs is
vital, as any delay in decision-making could cause huge losses, either financially or in terms of
reputation. Dashboards are intended not only to provide insights about data by making information
visually appealing, but also to provide a comprehensive and holistic picture to enable precise
decision-making.

With the advent of big data and keeping in mind the large volumes of data being generated
every second, the dashboard must be designed to deliver a big picture of real-time activities along
with historical trends and to process such large volumes of data swiftly while completely and
accurately meeting the end-user’s needs (Nettleton, 2014). The purpose of dashboards is not
limited to providing visual insights from existing data and displaying information about a
particular system. Dashboards also are intended to generate insights in such a way that the system
can become (more) efficient, sustainable, or profitable. A few commercial tools that currently are
available for creating data dashboards are Tableau, Microsoft Power BI, Microsoft Excel, ArcGIS,
and Smartsheets. Table 3.1 lists a few purposes of effective dashboards along with their role within

an organization (Tableau, 2021).
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Table 3.1. Purposes of Effective Dashboards and Their Organizational Role (Tableau,

2021).
Purpose Organizational role
Strategy and teams Aligning towards an organizational vision for data analytics and the

ability to achieve such vision
Governance Striking the right balance between security and data access
Agility Deploying a secure and stable environment that is relatively unaffected

by changing business needs

Proficiency Training personnel to better understand data for decision-making
Community Achieving continuous improvement and enhancement from data-driven
insights

3.3. LITERATURE REVIEW

3.3.1. Current Status of Organizational Knowledge Management

Knowledge management primarily involves the storage and retrieval of past knowledge to
be applied on future projects to minimize repeated mistakes. Research has shown that knowledge
plays a vital role in retaining an organization’s market competency while at the same time
promoting continuous innovation and success (Drucker, 1999; Nonaka & Takeuchi, 1995). Thus,
most organizations now realize the importance of having effective and functional knowledge
repositories to reduce the amount of rework on projects and improve construction workflow
processes. Knowledge resides mainly in two forms: explicit and tacit. Explicit knowledge can be
easy to share and document using formal language, whereas tacit knowledge is difficult to transfer
and challenging to document because it is context specific, subjective, and based on years of
experience (Nonaka & Takeuchi, 1995; Nonaka, 1994).
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The latest technological advances in the realm of knowledge management can be harnessed
to make use of the wisdom gleaned from tacit knowledge (Anumba, et al., 2005). Lessons learned
databases are an effective tool towards knowledge management. The Project Management Institute
(2017) defines lessons learned as the learning gained from the process of performing the project.
Depending on the organization’s needs and its technological capabilities, the creation and
development of lessons learned databases require a tremendous amount of planning to capture the
information accurately using appropriate database fields, capital in the form of storing and
maintaining information on servers, and finally, the most important aspect, which is the human
effort required to ensure that the database is functional and serves the designated needs of the end-
users (El Khatib, et al., 2021). Therefore, addressing end-users’ needs when creating a knowledge
repository is imperative, and failure to do so can risk the repository becoming obsolete, thereby

rendering the entire effort in creating it in the first place futile (Banerjee, et al., 2022).

3.3.2. Types of dashboards based on organizational needs

Although the ultimate goal of any data dashboard is to generate comprehensive and
relevant insights from the data, understanding the various types of available dashboards is helpful
in order to maximize returns (Bani-Hani, et al., 2022). In general, the currently available data
dashboards fall broadly into one of the following categories based on the organization’s needs:
strategic, operational, or tactical/analytical (Durcevic, 2020).

As the name suggests, strategic dashboards are designed to align the long-term strategies
of the organization with critical success factors or metrics. This type of dashboard is effective in
analyzing and benchmarking trend-based information and comparing the organization’s
performance to its stated goals over a period of time. Primarily high-level in nature, this type of

dashboard is best suited for upper management to monitor the organization’s ability to fulfill stated
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goals by keeping track of the success metrics, or KPIs. An example is a chief financial officer’s
dashboard to monitor employee retention and recruitment numbers in order to understand
employee turnover and make appropriate interventions, as needed, for strategic planning.

Operational dashboards are suited for junior staff to monitor short-term operational
activities in an organization. The information to be monitored is in real time and thus is applicable
for situations where constantly monitoring the dashboard for any anomalies and reporting such
aberrations would be vital to the organization. An example is a construction supplier’s dashboard
that is used to track products that are returned as faulty or damaged. An operational dashboard can
help the supplier make appropriate interventions at the supply chain level, if necessary, and make
changes to decrease the number of defective products.

Tactical or analytical dashboards display comprehensive information about a particular
organizational process, event, or detail. They use multiple large datasets to extract and display
insights in real time, which allows subject-matter experts to analyze root causes and helps in
making sound decisions and appropriate interventions. Tactical dashboards are best suited for use
by middle-level management team members. An example is a construction project manager’s
dashboard that displays the actual budget and schedule compared to the planned budget and
schedule as the KPIs as well as the upcoming tasks on the critical path for the next week or month.

3.3.3. Dashboard Applications and Knowledge Gaps in the realm of Knowledge
Repositories

Web-based data dashboards are an excellent source of data visualization from a business
continuity perspective. Although they can be used to present facets of the data in a visually
appealing way, the underlying reason to use dashboards is their ability to make necessary time-
sensitive interventions to alter the existing course of business actions. As such, web-based

dashboards are used in various fields such as healthcare, education, and business analytics. From
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an organizational perspective, strategic dashboards have been developed using Agile software for
decision-making, primarily for product quality assessment visualization (Lopez, et al., 2021).
Construction projects are inherently dynamic in nature, and some project teams even
witness team turnover during the course of the project. Moreover, external factors beyond the
control of the team (such as the COVID-19 pandemic) may exacerbate already complex project
conditions, which can lead to unfavorable project outcomes (Alsharef, et al., 2021). Therefore,
adequate and periodic communication among the various project teams is critical in order to
monitor the project and ensure that it is progressing as planned. To date, knowledge dissemination
during construction projects typically is carried out using Building Information Modeling (Kivits
& Furneaux, 2013; Taylor & Levitt, 2007), knowledge maps (Lin, et al., 2006; Tserng, et al.,
2010), and web-based ontologies (Pauwels & Terkaj, 2016; Xu, et al., 2016; Usman, et al., 2018).
Although these mechanisms are effective for knowledge dissemination within project teams, the
progress of these knowledge repositories must be monitored to ensure their longevity. Moreover,
end-users need to remain engaged with the knowledge repository to allow for high-quality input;
failure to do so can render the repository obsolete (Ganopol, et al., 2017). Moreover, no studies
are currently available that target the creation of strategic dashboards for knowledge repository
systems. Such strategic dashboards can be effective tools to visualize pertinent data obtained from
available datasets based on the organization’s needs. This research fills this gap in the literature by
describing an effort to create strategic dashboards for the NCDOT’s CLEAR program and can act

as a template for future research in this direction.

3.3.4. Previous work regarding dashboards at other organizations and departments of
transportation

The use of data dashboards is widely prevalent among organizations, both public and

private, that have the right mindset and intend to stay competitive in the market, tap into historical
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trends, and make informed decisions (Pauwels, et al., 2009). Designing the right dashboard based
on end-user’s needs is of paramount importance. In addition, the ability to record and store data
demands that the database be secure and in place in order for the dashboard to retrieve data from
it. Depending on the needs and sophistication required, dashboards can be implemented at either
an organizational level or at specific agency levels.

One of the first dashboards to be implemented at the organizational level was an
information technology (IT) dashboard used by the U.S. Office of Management and Budget. This
IT dashboard has been used extensively to streamline IT investments in federal agencies (Ganapati,
2011). Agency-specific federal dashboards include the Medicare Inpatient Hospital dashboard and
Medicare Prescription Drug Benefit dashboard. Both of these dashboards are operated by the
Centers for Medicare and Medicaid Services and are used to monitor statistics that relate to claims
and drug costs, respectively. The federal government also operates dashboards that are directed
towards maintaining and disseminating transparent federal financial data through its websites, such
as USAspending.gov and Recovery.gov. The former website was launched by the Federal Funding
Accountability and Transparency Act in 2007 and the latter was mandated by the American
Recovery and Reinvestment Act of 2009. These dashboards are publicly available to track the
funds being spent by the federal government to achieve enhanced financial transparency and
thereby build trust among citizens.

Most DOTs also have started using data dashboards to monitor key project metrics. For
instance, the Bureau of Transportation Statistics, which is part of the US DOT, operates a real-
time updated database called the National Transportation Atlas Database (NTAD). NTAD consists
of nationwide geographic databases of transportation facilities, transportation networks, and

associated infrastructure (Bureau of Transportation Statistics, 2021) and is used at state, regional,
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and local levels within a geographic information system (GIS). In fact, to make data accessible to
the public, the US DOT annually releases a Pocket Guide to Transportation app (Bureau of
Transportation Statistics, 2021) that can be downloaded via Apple’s App Store (Apple, n.d.) or
Google’s Play Store (Google, n.d.). This app contains real-time information about freight, air,
pavement, and bridge conditions, to name a few examples, across all U.S. states. Because the
information is displayed in real time, the public can benefit from accessing such timely information
to make informed decisions.

A few state DOTs that operate real-time data dashboards include the Arkansas, California,
Michigan, Montana, North Carolina, Oklahoma, Puerto Rico, and Utah DOTs. Most of these state
DOTs use ArcGIS to create, update, and maintain their dashboards in real time to provide
information about projects, agency structures, and GIS layers. For example, the Arkansas Crash
Analytics Tool (ARDOT, 2021) visualizes and maps crash analytics data to identify, evaluate, and
improve safety conditions at potential crash sites and address dangerous roadway conditions. This
tool is open-access to the public and enables users to find crash data easily in real time without
typing a computer query. The Michigan DOT (MDOT) (2021) currently operates two dashboards
designed in ArcGIS to display bridge conditions across the state and the lifetime of permits for
billboards on MDOT’s right-of-ways as well as a third project management dashboard that tracks
the MDOT’s dashboard usage. Although the first two dashboards are open-access to the public,
the third is internal-only and is used to monitor the usage of the other two dashboards. Similarly,
the Montana, Oklahoma, and Puerto Rico DOTs have dashboards that also were created using
ArcGIS and are operated and maintained using ArcGIS to track relevant aspects of transportation.
All these dashboards are agency-operated, mostly by the respective DOT’s GIS Division. In

addition, the California DOT, Caltrans, developed a dashboard that is specific to short-term
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operational performance measures and is aimed at improving detector health (Hranac & Petty,
2007). Similarly, the Utah DOT (UDOT, 2021) developed a web-based dashboard using PowerBI
that displays organization-wide innovation and potential dollar amounts to be saved through these
innovations.

The current research describes an effort to create real-time web-based data dashboards
using Tableau to monitor the status of the NCDOT’s knowledge management program, CLEAR.
These dashboards will help the NCDOT’s VMO, which is the gatekeeper of CLEAR, to monitor
and take appropriate steps towards end-user engagement and to encourage the Units and Divisions

across the NCDOT to fully utilize CLEAR, thereby leading to organizational innovation.

3.4. METHODOLOGY
The NCDOT commissioned CLEAR in the fall of 2019 so that authorized NCDOT end-

users could store and retrieve knowledge within the CLEAR database. As stated, CLEAR was
developed under the aegis of the NCDOT’s VMO. However, as the gatekeeper, the VMO
determined that a data dashboard was needed to monitor the progress and quality of the content
that was being entered in CLEAR in real time. Because the success of CLEAR relies heavily on
buy-in from its end-users, the VMO decided to create the dashboard with the help of the NCSU
researchers who were involved with creating CLEAR from its inception.

The NCSU research team first obtained dashboard requirements from the VMO to
understand end-user needs. Possible options for creating the dashboard included Tableau,
PowerBI, and R Shiny, although R Shiny would require significant coding knowledge to create
and maintain a dashboard for the long term. Based on the NCDOT’s software capabilities, and
after consulting with the NC Department of Information Technology (NCDIT), the researchers

selected Tableau as the preferred tool. Based on the needs statement, the research team also
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developed a list of visualizations along with the data sources required to generate the
visualizations. The NCSU research team determined that three dashboards were needed. The
dashboards are described as follows, with the data source provided in parentheses:

e Information about lessons learned and best practices entered in CLEAR (extracted from

SharePoint in .xlsx format)

e Innovation Culture Index information for NCDOT personnel (Innovation Culture Index
survey data)

e Website analytics to monitor the usage of CLEAR webpages by end-users (provided by
the NCDIT)

The NCSU research team developed the three dashboards using Tableau Desktop whose
annual license was made free for NCSU students and could be installed on up to two systems per
user. The team shared its progress regularly in monthly meetings with VMO personnel to obtain
necessary feedback and fine-tune the dashboards based on the VMO’s suggestions. Finally, the
research team handed over all the Tableau Workbook files in .twb format to the VMO, including
all the data sources that powered the visualizations, to ensure that the visualizations were working
seamlessly. Section 3.5 provides details about the three dashboards as well as their importance and

benefit to the NCDOT.

3.5. DATA DASHBOARDS FOR THE CLEAR PROGRAM
This section describes an effort to develop three data dashboards specifically for NCDOT’s

VMO to monitor three key components to help ensure the success of the CLEAR program. The
respective components are lessons learned/best practices, organizational culture data obtained
from Innovation Culture Index survey results, and website analytics. These key dashboards are
described in the following subsections along with their visualizations that were created using

Tableau Desktop. The data are stored using Microsoft Access as the back-end database and

54



SharePoint as the front-end. This set-up makes it easy for the gatekeeper to pull information from
the MS Access database in Microsoft Excel format to be input into Tableau. This functionality
also helps to update the Tableau visualizations dynamically in real time using appropriate changes

to users’ inputs into CLEAR.

3.5.1. Lessons learned/best practices dashboard

This section describes the dashboard visualizations that pertain to the lessons learned/best
practices information obtained from the CLEAR database. The text data were extracted using
SharePoint and stored in Microsoft Excel format.

Figure 3.2 is a map of North Carolina that shows the number of lessons learned entries for
all 14 NCDOT Divisions, which are color-coded. A similar visualization is also available for the
number of best practices recorded (not shown here). The colors were assigned by Tableau and
have no relative importance based on ranking and are for visual purposes only. An open-source
JSON file that contains the NCDOT Division boundaries has been added to the Tableau data source
to represent the boundary separations between any two NCDOT Divisions. This visualization of
the number of submissions based on Divisions will help the gatekeeper keep track of high- and
low-performing Divisions in terms of submissions and determine if any additional training
resources are needed to increase the number of submissions from those Divisions with low
numbers of submissions. In addition, Figure 3.2 reveals that two of the 14 Divisions have yet to

record a single submission; these Divisions have been left blank in the figure.
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Figure 3.2. Division wise display of the number of lessons learned entries

Figure 3.3 shows the benefit ratings for the lessons learned and best practices within
CLEAR. This visualization ranks the submissions based on the relative benefit to the NCDOT and
according to certain criteria, as follows. To calculate the return-on-investment for a research
product, the NCDOT Office of Research and Innovation has set forth four categories and multiple
subcategories, as presented in Table 3.2. The NCSU research team used a binary rating system to
allow the gatekeeper to rank each submission with a 1 or 0 based on whether or not the submission
is related to the subcategory. For instance, as shown in Table 3.2, the hypothetical submission
relates to time savings but not to accuracy/decision within the Operations and Maintenance /
Business Operations category. Therefore, the entry has been assigned values of 1 and 0 for time
savings and accuracy/decision, respectively. Thus, for this hypothetical example, the CLEAR

submission would have received an overall rating of 6/15 = 0.40 in the ‘Combined Avg’ section
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of the dashboard and a rating of 2/3 = 0.67 for the Operations and Maintenance / Business

Operations category, with 2/4 = 0.50 for the Safety category, 1/3 = 0.33 for the Monetary category,

and 1/5 = 0.2 for the Knowledge Gained category.
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Figure 3.4 shows the status of CLEAR entries at each stage of the innovation

implementation path. The various stages for each CLEAR entry are (in order) Review, Vet,

Evaluate, and Implement. The gatekeeper can monitor the status of each entry and its relative

position in terms of its possible acceptance as a CLEAR submission and its implementation as an

internal innovation, which is the ultimate goal of this knowledge repository. These visualizations

help the gatekeeper to track the entries in CLEAR and take the necessary steps to encourage

Unit/Division personnel to submit their lessons learned and best practices, thereby yielding more

high-quality entries.
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Table 3.2. Hypothetical CLEAR Entry Ratings, Based on Return-on-Investment.

Impact
Category Subcategory Total possible contribution of
hypothetical
CLEAR entry
. Efficiency/Production 1 1
Operations and . .
Maintenance / (doing more w1th .less)
. . Accuracy/Decision 1 0
Business Operations . .
Time savings 1 1
Mitigated/Reduced 1 0
incidences
Reduction in fatalities 1 0
Safety Mitigated/Differed 1 1
exposure
Mitigated/Reduced 1 1
risk
Savings 1 1
Increased revenue 1 0
Monetary Improved/Optimized 1 0
value (more benefit for
less money)
Policy change 1 0
Defensible/Position 1 0
credibility
. Inform best practice 1 1
Knowledge Gained Improved technical 1 0
standards/methodology
Better understanding 1 0
of product/problem
Total 15 6
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3.5.2. Innovation Culture Index data dashboard

The primary objective of CLEAR is to bring about organizational innovation. Researchers
have identified organizational culture as an important factor to sustain successful knowledge
management efforts (Rezaei, et al., 2021). To this effect, the NCSU research team prepared a short
anonymous survey (which took about two minutes of each respondent’s time) to gauge NCDOT
personnel’s perceptions of the current culture of innovation (NCDOT Survey, 2020). The survey
included 22 questions that covered a variety of topics related to the respondents’ perceptions of
the culture of innovation within the NCDOT. Most questions were rated on a Likert scale from 1
(low) to 5 (high). The gatekeeper can keep track of the mean values for such Likert scale-based

questions to identify the bottom three questions with the lowest mean responses. This monitoring
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method helps the gatekeeper make appropriate interventions and possibly arrange training sessions
to improve the perception of the innovation culture among end-users. Figure 3.5 shows a sample
of responses to a few questions in this survey. Note that, owing to privacy and ethical issues, as
outlined by the Institutional Review Board at NCSU, the entire dashboard cannot be presented

here, but the reader is encouraged to contact the gatekeeper for more information, if desired.
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Figure 3.5. Typical job responsibility data obtained from Innovation Culture Index survey
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3.5.3. Website analytics dashboard
Monthly data about website traffic that include the number of visits to CLEAR pages, time

of day, and location of access were obtained from the NCDIT in a portable document format (pdf),
which were then converted to Microsoft Excel before loading into Tableau. Based on these data,
the data dashboard displays information about end-users’ usage of CLEAR and the gatekeeper is
able to make any necessary interventions. For instance, Figure 3.6 shows the most frequently
visited webpages as a Treemap visualization. From this visualization, the gatekeeper is able to
keep a track of any particular webpage relating to a topic or keyword being frequently searched by
the end-users. A deeper analysis can yield a list of topics over time to understand the trends in the
end-users’ appetite for knowledge relating to a certain number of frequently searched topics that
can help focus on bringing about organizational changes such as revision in specifications manuals
as an example. Figure 3.7 displays the locations from where end-users have most accessed the
CLEAR portal. The size of the circle is directly proportional to the number of hits from a location.
As can be seen, Raleigh witnessed the maximum number of end-users accessing content from
CLEAR. Figure 3.8 shows the mean hourly usage of the CLEAR website data. As shown, the
maximum website traffic is recorded between 9 AM and 10 AM. This window would be an
appropriate time for the gatekeeper to upload any relevant files for end-users to access to maximize
viewership. Conversely, 3 PM has the lowest traffic during regular work hours, which makes it a
good time for the gatekeeper to perform any necessary cleaning or modifications to the CLEAR
database. Figure 3.9 shows the webpage visits based on the day of the month (e.g., February 24
has the highest viewers for February). This series of dashboard visualizations mentioned above
will allow the gatekeeper to understand end-user trends from a spatial-temporal perspective and to
reach out to Units and Divisions with the least end-user participation to increase the input of quality

content for CLEAR.
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Figure 3.6. Web-page views sorted in a descending order

Figure 3.7. Geolocation information of CLEAR webpages visited
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3.5.4. Training materials
The NCSU research team prepared a Microsoft Word document of Standard Operating

Procedures that lists the various steps for the gatekeeper to load data files and create visualizations
in Tableau (see Appendix — F). This document also serves as a valuable training resource for the
VMO (gatekeeper) personnel, even those new to Tableau, who will find the step-by-step guide
informative and easy to use, thereby resulting in time and cost savings. Thus, this document acts

as a reference for extracting insights from the Tableau visualizations.
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3.6. DISCUSSION
This paper presents a novel data visualizations using strategic dashboards for knowledge

repositories to monitor their progress and ensuring their success and longevity in the long run.
Most organizations are currently facing turnover and the ongoing COVID-19 pandemic has
exacerbated this issue. Additionally, more than 40% of the current construction workforce will be
retirement eligible within the next decade, highlighting the issue of maintaining high quality
construction workforce to ensure project success (Sheffield, 2019). Team personnel gain valuable
knowledge in the form of experience over their years of professional lives and this knowledge is
wasted if not documented properly. While knowledge repositories have been useful initially in
providing means to store and document data, extant literature shows that most such repositories
have become obsolete due to forsaking by the end-users. Therefore, it is imperative to monitor the
progress and status of content within knowledge repositories.

Data dashboards are effective data visualization tools for displaying actionable data to
support necessary timely interventions (Pappas & Whitman, 2011). In this paper, we present web-
based strategic dashboards for the gatekeeper of North Carolina Department of Transportation’s
new knowledge repository named Communicate Lessons, Exchange Advice, Record (CLEAR).
Within the CLEAR repository, end-users are able to enter knowledge gained on projects and also
search for relevant content within the repository to be used on future projects to avoid repeat
mistakes. The underlying motivation of using strategic dashboards in this novel effort is to ensure
CLEAR’s longevity by enabling the gatekeeper to take proactive measures in maintaining
favorable end-user attitudes as a part of end-users’ routine work. The gatekeeper will be able to
keep track of the CLEAR program using three strategic web dashboards from three data sources —
lessons learned and best practices data from the CLEAR database, end-user motivations towards

organizational innovation from the Innovation Culture Index (ICI) survey data, and spatial-
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temporal aspects of end-users’ webpage analytics displaying trends of usage of content within the
CLEAR program. These visualizations are meant to aid the gatekeeper in devising appropriate
strategies to ensure the continuous input of high-quality knowledge and to develop necessary
training materials to keep the end-users engaged with the CLEAR program.

While the dashboards from this research support strategic decision-making processes for
the NCDOT, in the long run, it is envisioned that these dashboards will help bring about
organizational innovation thereby making NCDOT more competitive compared to other public
agencies in the US. Moreover, these dashboards can help the knowledge repositories maintain their
robustness and fulfill their intended purpose of disseminating knowledge over the foreseeable
future by mitigating uncertainties arising out of technology or workforce capabilities. From a
workforce development standpoint, dashboards have been successfully used to support decision-
making in the areas of software development (Jakobsen, et al., 2009; Lopez, et al., 2021) and
monitoring student learning performance (Xhakaj, et al., 2017; Dawkins, 2016). This research
addresses a major gap in extant literature by paving way to create strategic dashboards for

knowledge repositories as a way to ensure their durability.

3.7. CONCLUSIONS
Organizations have started realizing the importance of effective knowledge management

repositories to store and retrieve knowledge from past projects to be applied to future projects.
Technology plays a vital role in ensuring that such knowledge repositories are being used
effectively by end-users to maximize the potential of knowledge management. Moreover, it is
important that the end-users are able to fully utilize the knowledge repositories to apply past
knowledge on future projects, thereby leading to closed communication loops among all project
lifecycle units such as design, construction, and maintenance. Within the North Carolina

Department of Transportation (NCDOT), previously there was no formal mechanism for the end-
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users to convey the lessons learned and best practices gleaned from their routine work which led
to numerous claims and supplemental agreements. The Communicate Lessons, Exchange Advice,
Record (CLEAR) knowledge repository is aimed at addressing the issue of lacking communication
by allowing end-users to store and retrieve knowledge. However, the research team also found that
previous knowledge repositories went defunct due to the want of end-users to embrace such
repositories, thereby rendering the entire effort of designing and developing the knowledge
repositories as a waste of time and resources. Therefore, it is important that the gatekeeper is able
to maintain a track of the essentials within the CLEAR program to execute appropriate
interventions for ensuring high-quality inputs.

To this end, this paper describes the development of effective data dashboards, created in
Tableau, to visualize pertinent information that is contained in CLEAR. To convey a holistic status
of the entries within CLEAR, the research team used pertinent data sources, i.e., CLEAR lessons
learned and best practices data, Innovation Culture Index survey data, and website analytics data
to devise the three respective data dashboards that can display near real-time data visualizations.
To ensure the longevity of CLEAR, these data dashboards will help the gatekeeper of the program,
the NCDOT’s VMO, to monitor the data in CLEAR via effective data visualizations. In addition
to helping institutionalize knowledge, these data dashboards will play a crucial role in identifying
and reducing repeated mistakes on NCDOT projects, thereby leading to enhanced organizational
workflow processes and internal innovation. Such efforts will help the NCDOT retain its
competitive edge in the long run as a public agency that can use public money effectively for

capital infrastructure projects.
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4.1. ABSTRACT
Transportation agency personnel gain valuable knowledge through their work, but such

knowledge is lost if it is not documented properly after the worker leaves the organization. The
risk of losing institutional knowledge is a current problem at state departments of transportation,
including the North Carolina Department of Transportation (NCDOT), due to high personnel
turnover. State transportation agencies have implemented knowledge repositories in the form of
lessons learned/best practices databases to address this problem. However, motivating end-users
to use such databases is challenging. This paper addresses this challenge through novel artificial
intelligence technology whereby a neural network-based language model is implemented as part
of the NCDOT’s new knowledge management program, CLEAR (Communicate Lessons,
Exchange Advice, Record). The CLEAR program encompasses a database of lessons learned/best
practices and a website to access and search the database. The developed methodology involves
training a language model on transportation construction texts and using that trained model in a
novel algorithm enabling users to search the CLEAR database easily. The developed language-
processing model provides an easily accessible interface to suggest the most relevant CLEAR data
based on the end-user’s searched keywords. The model learns an inference model of construction
domain-specific vocabulary extracted from various sources, such as contract documents,

textbooks, and specifications, to make meaningful connections between lessons learned/best
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practices in the CLEAR database and project-specific knowledge. The developed model has been
validated by project managers for projects at various lifecycle stages. The automation of
information retrieval is intended to encourage NCDOT personnel to use and embrace the CLEAR
program as part of their routine work to improve project workflow. In the long run, the NCDOT
will benefit from consistent usage of the CLEAR program and the high quality content that is input
to the CLEAR database, thereby leading to enhanced institutional knowledge and organizational
innovation.

4.2. INTRODUCTION

Construction projects are dynamic and seldom repetitive in nature, unlike other sectors
such as manufacturing that typically have a routine set of tasks to create a product. The
architecture, engineering, and construction industry employs predominantly project-based teams
whose members have various levels of work experience and knowledge. Personnel accrue
incremental knowledge from numerous projects over the course of their careers. From a
construction project’s inception to its handover, construction project teams tend to work
interdependently on various project lifecycle phases, viz. design, construction, and maintenance.
Such project variation and personnel interdependence lead to a learning curve that requires
additional training, which in turn expends project resources, i.e., time and money (Johari & Jha,
2021; Everett & Farghal, 1994).

As an intangible asset, experiential knowledge is difficult to associate with a direct
monetary value (Dekker & de Hoog, 2000), yet it is a valuable asset to an organization as long as
the employee remains employed. However, upon his/her departure from the organization, whether
due to personal reasons or retirement, many years’ worth of knowledge is lost if the information

is not properly recorded or stored. That is, team turnover or employee retirement can lead to a huge
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loss of institutional knowledge. Currently, most state departments of transportations (DOTs) are
facing excessive personnel turnover rates. Often, the departure of a particular team member creates
a void in the key skill-sets that the remaining team members find difficult to fill within a short time
span. The struggle to retain existing personnel and train fresh recruits can lead to the need to
allocate additional resources towards developing strategies to keep employees motivated
(AASHTO Journal, 2021). To compound the turnover problem, more than half of the current DOT
workforce will be eligible for retirement in the next five years (National Skills Coalition, 2021).
Within the span of the current decade, all baby boomers (people born from 1946 to 1964) will be
at least 65 years of age, or in other words, past the conventional retirement age of 62 years.
Furthermore, the recent COVID-19 pandemic has exacerbated the already worsening construction
workforce shortage, requiring organizations to take additional measures to ensure project
continuation despite team turnover (Alsharef, et al., 2021; Assaad & El-adaway, 2021;
Pamidimukkala & Kermanshachi, 2021). The aforementioned factors can lead to negative impacts
on the quality of work and key project metrics such as schedules and budgets. To combat these
negative impacts from an organizational perspective, harnessing previously acquired knowledge
can help reduce repeated mistakes and improve organizational efficiency for project delivery
(Amir & Parvar, 2014).

To ensure that the knowledge gained by construction personnel will remain within the
organization, various knowledge management techniques are now available to organize and store
knowledge in the form of checklists or databases. This collective knowledge is termed
‘organizational capital’, which becomes propriety to the organization and thus can be used even
after individuals have left the organization (Youndt & Snell, 2004). That is, the organization owns

and controls the knowledge and is not beholden to or dependent on any specific individual within
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the organization, thereby providing a stable and consistent knowledge base over time. A learning
organization is one that facilitates quick and effective knowledge transfer among project team
members via knowledge management repositories and in which such databases are widely adopted
in the realm of organizational knowledge management and innovation (Goh, 2002). In addition to
providing an official platform for collaborative team learning, knowledge repositories can help
organizations promote internal organizational innovation. This effort also leads to reducing
repeated mistakes and achieving enhanced project outcomes, thereby improving the organization’s
competitive edge in the market (Ferrada, et al., 2015).

Despite having operative lessons learned/best practices databases in place, organizations
still struggle to reap the full benefit of such knowledge repositories. The biggest success factors
for ensuring that knowledge repositories justify their purpose are (1) end-users’ willingness to
embrace such databases as part of their routine work and (2) end-users’ ability to store and retrieve
knowledge at will. In addition to coping with their regular job responsibilities, end-users do not
necessarily have the time or inclination to carve out extra time from their work schedule to peruse
knowledge in a database (Fullerton, et al., 2021). Failure to motivate end-users to use a knowledge
repository will ultimately render the repository defunct, and thus, the efforts to create the
repository are rendered futile as well. Moreover, at an organizational level, obsolete knowledge
repositories can lead to repeated mistakes and diminished internal innovation, causing financial-
related problems for the organization. Thus, proactively providing a mechanism for end-users to
use knowledge from the repository and stay engaged with the process is needed to ensure that
personnel contribute to and utilize high quality database content.

This paper describes a novel effort in the context of enhancing end-user usage of an already

established construction knowledge repository. The result is referred to provisionally in this paper
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as the Construction Domain-Specific Artificial Intelligence Language (CD-SAIL) model. The CD-
SAIL model, which involves natural language processing, is designed to identify lessons
learned/best practices automatically and intelligently based on keyword(s) entered by end-users.
Specifically, the CD-SAIL model makes meaningful connections between the entered keyword or
phrases and the existing lessons learned/best practices stored within the North Carolina
Department of Transportation’s (NCDOT’s) new knowledge management program called CLEAR
(Communicate Lessons, Exchange Advice, Record). The CLEAR program encompasses a
knowledge database as well as a website to access and search the database. The objective of the
developed methodology is to provide automated information retrieval that encourages NCDOT
personnel to use the CLEAR program as part of their routine work to improve project workflow,
which in turn should benefit the NCDOT with enhanced institutional knowledge and
organizational innovation.

The rest of this paper is presented as follows. First is a review of the extant literature on
knowledge repositories and their applications in the construction industry. Next, the NCDOT
CLEAR program is described to provide an overview of its content and structure. The
methodology section describes the proposed neural network-based language processing model,
CD-SAIL. The subsequent implementation section presents the application of the CD-SAIL model

in the CLEAR program. Finally, discussion and conclusions are provided.

4.3. LITERATURE REVIEW
4.3.1. Tacit and explicit knowledge
Managing construction projects involves coordinating different stakeholders across the

project lifecycle phases that include planning, design, construction, operations, and maintenance.
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During project execution, project staff members gain valuable knowledge, experience, and lessons
learned and then apply their accumulated knowledge to future projects (Nonaka, 1994). Such
acquired knowledge typically is manifested as either explicit knowledge, which can be
communicated clearly through formal systematic language, or tacit knowledge, which is deeply
rooted in action and commitment. Formal systematic language can be difficult to communicate
(Smith, 2003; Nonaka, 1994) because more than 80% of all the knowledge gained by construction
personnel can be classified as tacit knowledge and the remaining as explicit knowledge (Sheehan,
et al., 2005). Although explicit knowledge can be easily documented and reused by personnel, tacit
knowledge can be difficult to store and retrieve, especially as such knowledge is deeply embedded
and sometimes difficult to express in words. Addis (2016) notes that it can be difficult for
construction personnel to convey tacit knowledge gained on project sites during their routine work.

Despite being difficult to accomplish, converting tacit knowledge so that it can be
expressed more easily in explicit terms is a worthwhile effort. Codification or other means can be
used to ensure the smooth transfer of knowledge from one person to another in order to
institutionalize knowledge within the organization. With the advent of the latest innovations in
information technology, organizations are now able to use digital formats to store and retrieve
knowledge, both tacit and explicit, in the form of lessons learned databases that capture knowledge
using a set of rules and are vetted by experts to ensure high quality input into such repositories
(Anumba, et al., 2005; Egbu, 2004).
4.3.2. Lessons learned/Best practices databases

Lessons learned databases have proven to be effective organizational tools to store and
retrieve past knowledge (Rowe and Sikes 2006). The Project Management Institute (2017) defines

lessons learned as “the learning gained from the process of performing the project”. Professional
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organizations also are creating standard frameworks for preserving project knowledge. For

example, the Construction Industry Institute lists lessons learned as one of its 17 best practices to

facilitate the continuous improvement of organizational processes and procedures by

institutionalizing knowledge. The lessons learned process is comprised of three steps:

e C(Collection: End-users identify specific problem areas to be analyzed as lessons learned.

o Documentation: The identified lessons are documented using a formal mechanism, most
commonly in the form of a lessons learned database.

e Communication: Documented lessons are communicated to the people who could benefit the
most by gleaning this knowledge.

A successful lessons learned program is one where end-users are able to make use of all
three steps in their future projects.

Another important factor that impacts the success of lessons learned programs is the
willingness of end-users to embrace such programs by entering high-quality content into the
database or searching for stored knowledge to be applied for future projects. This willingness of
end-users to take advantage of lessons learned is a critical consideration that many organizations
fail to address, ultimately leading to a failed knowledge management program. In short,
institutionalizing knowledge can help organizations, including DOTs, promote internal
innovation, reduce repeated mistakes, and maintain market competitiveness by having efficient
and improved workflow.

4.3.3. Knowledge representation in the construction industry

Ontologies provide a shareable mechanism for classifying domain knowledge and

facilitating the semantic exchange of knowledge. Specifically, ontological web languages (OWLs)

have gained popularity by using semantic web-based technologies to facilitate dynamic
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information-sharing. Being knowledge-intensive in nature, the construction industry requires
project teams for various project lifecycle phases to work collaboratively and share knowledge
that is gleaned during all project phases for enhanced project outcomes (Issa & Haddad, 2008).
This effort generally is accomplished using OWLs that are created using construction-specific
domain terminology rather than general dictionary-based semantic terminology.

Expert domain knowledge can be represented using either rule-based reasoning or case-
based reasoning. In rule-based reasoning, the computer system emulates the decision-making
ability of human experts based on the knowledge within the domain ontologies, generally by using
if-then rules in a deductive way. That is, satisfying the conditions of a rule will lead to some
conclusion or an action being performed. In a case-based reasoning mechanism, the computer
system is fed a set of historical or theoretical prototype problems and their solutions in an inductive
manner. In a case-based system, new problems are solved by analogy, which is matching and
adapting cases that previously have been solved successfully (Berka, 2011).

4.3.4. Representing domain knowledge: Current artificial intelligence approaches

Construction involves many unstructured or semi-structured text documents that are
written in natural language. Many researchers have attempted to leverage the tacit knowledge
contained in such documents using various levels of automation via natural language processing.
For example, Rezgui (2006) used an ontology-based approach to summarize documents for
information retrieval. Several other rule- and ontology-based approaches include the manual
creation of knowledge map models (Tserng, et al., 2010) and the ruled-based extraction of risks
from construction contract documents (Lee, et al., 2019). Identifying important information from
documents also includes automated compliance checking, which incorporates semantic rule-based

extraction using domain ontology (Zhang & El-Gohary, 2016), and deep-learning approaches such
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as bidirectional long short-term memory neural networks (Zhang & EI-Gohary, 2021). Beyond
extracting risks from contract documents, Hassan and Le (2020) used an assortment of machine
learning techniques (including naive Bayes, support vector machines, logistic regression, and
feedforward neural networks) to find text that indicates requirements in contract documents.
Similar to the work undertaken in our current research, Kim and Chi (2019) investigated searching
and extracting important information from accident case reports. They used Okapi BM25 (a
search-ranking algorithm), rule-based extraction, and conditional random fields to yield
impressive search results. In addition to information extraction and searches, Kim et al. (2022)
used bidirectional encoder representations from transformers (BERT) (Devlin, et al., 2019) to build
a question-answering system to find infrastructure damage information. This area of artificial
intelligence (Al) research overall has seen significant gains using machine learning techniques for
natural language processing.

Many frameworks are available for language models that have applications for information
retrieval (Zhai, 2008). A recent development is neural network language models that embed the
high-dimensional space of words into a relatively low-dimensional continuous vector space. These
models include Doc2Vec (Le & Mikolov, 2014), GloVe (Pennington, et al., 2014), and FastText
(Bojanowski, et al., 2017). Other competing models include BERT (Devlin, et al., 2019), which is
used by Google in its search engine, and combined techniques such as spaCy (Honnibal, et al.,
2020) that can use BERT and other models internally. All of these frameworks train models that
allow multiple tasks for natural language text. Viewed as language models, they encode an
understanding of the target language in the training dataset. Thus, these frameworks can either be
general models, such as Wikipedia or other large non-specialized sources that are trained in a

common language, or a domain-specific corpus that results in the trained model not having a
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general understanding of the language but an understanding that is specific to the target domain.
Prior work using Doc2Vec for transportation construction text highlights the unique effectiveness
of learning vocabulary obtained from transportation construction texts (Banerjee, et al., 2021).
Some techniques, such as BERT, often are first trained on a large general corpus and then
specialized for a particular domain. Other work has shown that a language model can be an
effective tool for generating multimedia summaries (Potts & Jhala, 2021) and for interactive
summarization of data filtering and triage (Robertson, et al., 2020).
4.4. NCDOT’s CLEAR PROGRAM

The NCDOT has witnessed high rates of personnel turnover over the past two decades,
which has been one of the most significant contributors to project delays (NCDOT, 2004;
Fullerton, et al., 2021) and loss of institutional knowledge. Moreover, until recently, NCDOT
personnel had no official platform to communicate the knowledge gained in their routine work,
which led to a silo mentality with no means to reach out to a broad audience. The most common
way to learn about a new technique or materials that either worked well or did not work well on a
project was through word-of-mouth during conferences or telephone calls. Additionally, project
teams from different project lifecycle phases often fail to convey feedback to personnel working
on other phases, thereby repeating the same mistakes in the absence of correction mechanisms.
Poor communication of project information among project teams and the increase in repeated
mistakes negatively affect project outcomes in the form of increased change orders and
supplemental agreements for the NCDOT (2004). These additional project costs and time could
have been mitigated by implementing an official platform to share project knowledge.

To address the need for such a knowledge-sharing platform, the Value Management Office

(VMO) at the NCDOT conducted a preliminary study in 2014 titled ‘Post-Construction
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Assessment Program’. This study aimed to understand common problems faced by project teams
once the project reached the substantial completion stage. A simple interview guide with open-
ended questions was used to solicit responses from various project team personnel in the areas of
hydraulics, photogrammetry, geotechnical engineering, construction, and maintenance regarding
their most recent project experiences. The survey responses indicated the need to provide an
official platform for personnel to communicate their experiences at all project lifecycle phases for
improved project delivery outcomes. The identified need for a communications platform led to the
conceptualization of a new knowledge repository program (with an inherent database and website)
called CLEAR (Communicate Lessons, Exchange Advice, Record) in fall 2017 in consultation
with North Carolina State University researchers (which included the dissertation author). The
CLEAR program provides opportunities for end-users to access and share lessons learned/best
practices with the goal to improve their ability to solve project-related problems and improve
project workflow. The sole beneficiaries of the CLEAR program are NCDOT personnel and
project teams that are involved with the construction and maintenance of infrastructure projects
sponsored by the NCDOT.

4.4.1. Principal CLEAR program stakeholders

The principal stakeholders involved with the CLEAR program, and their responsibilities
as they pertain to CLEAR, are as follows:

End-users: End-users are NCDOT personnel who are responsible for entering useful
lessons learned and best practices based on knowledge gained at project sites. They also are
responsible for searching for relevant knowledge to understand previous circumstances in order to
avoid the repetition of mistakes.

Gatekeeper: The VMO at the NCDOT serves as the gatekeeper for the CLEAR database
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and is responsible for checking the completeness of lessons learned/best practices submissions,
forwarding the submissions to taskforce members, and subsequently approving the submissions
after receiving the go-ahead from taskforce members.

Taskforce: The taskforce is composed of experts from various disciplines who are
responsible for ensuring the quality of the content that is uploaded to the database. Based on its
review of each submission, the taskforce informs the gatekeeper of its decision to accept or reject
the submission. Note that, whereas the taskforce consists of experts who cover all disciplines of
work, Expert Review Panel members are selected by the gatekeeper from this pool of experts as
those who can offer the most relevance and expertise to evaluate the submissions.

Innovation Coordinators: These coordinators are highly motivated personnel who
encourage their units or offices to participate in the CLEAR program, thereby supporting
innovation.

Technical Advisory Group: This group is composed of taskforce/Expert Review Panel
members who focus on specific topics or areas and collectively review submissions and establish
goals for solutions.

Technical Coordination Committee: This committee is composed of upper management,
multi-disciplinary and multi-modal representatives, and external partners who provide guidance

and review from a high-level industry perspective.

Figure 4.1 shows the progression of a lessons learned entry within the CLEAR portal and

the roles of various stakeholders in this process. The flowchart has been color-coded to describe

the role of the major stakeholders during the entire process.
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Figure 4.1. Workflow process of a CLEAR lessons learned submission from its inception to acceptance
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4.4.2. Information Entry

End-users can submit knowledge gained from their routine work into an internal-only web-
based CLEAR portal that was developed using a Design for Six Sigma approach on a Microsoft
SharePoint portal, with Microsoft Access as the backend for storing and retrieving data (Banerjee,
et al., 2020). To store the knowledge gained, end-users can use one or more of three submission
forms that best suits the information being entered: lessons learned, best practices or ideas, and/or
solution needed. All three forms require information to be entered as text in the English language.
On the lessons learned form, the user inputs a description of the challenge or problem and the
solution (if any) that was applied to overcome the issue. On the best practice or idea form, the user
inputs a description of a best practice or idea that was implemented at the project site, along with
a possible known example solution that is being adopted by other state DOTs or transportation
agencies. End-users enter information on these two forms about their experiences working on
projects, whereas the third form allows them to reach out to their colleagues and solicit information
about an issue or obstacle faced in a project. That is, on the solution needed form, the end-user
puts forth the problem, and anyone who has encountered and/or solved a similar problem can come
forward with a potential solution.

These three forms act as a means to provide effective communication and disseminate
knowledge among NCDOT personnel who need information at a specific time for a particular
purpose. Although the CLEAR portal has a search feature for end-users to seek relevant content
based on keywords, the results are based on the presence of the word within the lessons learned
and best practices. As an improvement to this process, the search functionality of CD-SAIL, the
developed Al-based model, is more intuitive and displays a ranked list of results that contain
semantically similar content that is closest to the keyword or search phrase entered. Subsection

4.4.4 elaborates on this work and discusses the differences between the current search functionality
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and ways that the developed CD-SAIL model will help users identify and select the most relevant
automatically and intelligently suggested CLEAR content.

Figure 4.2 presents a sample best practices entry that contains the description of the
problem and example solution in practice in a raw text format. Each CLEAR entry form also has
a provision to enter metadata, meaning that end-users can supplement their information by adding
relevant files such as pdfs, images, and email attachments. The metadata also help the end-users
peruse knowledge in order to yield additional relevant information. However, for the scope of this
paper, the results are limited to the raw text, although analyzing and automating information

dissemination using metadata is a new dimension to explore in the future.
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CLEAR Best Practice or |dea

Describe the Best Practice or ldea

Best Practice description or idea Blasting is a regular practice during consfruction in

Raw Text

Examples of solution in practice

Western Divisions. The need for blasting is

usually identified in the preconstruction phase of
project development based on visual observations or
geotechnical invesitigations. The location of a project
will determine several factors that must be accounted
for. Blasting in urban areas vs rural areas can pose
addtional challenges. Here are some things fo
consider: shut down the corridor, develop

an implementation process that includes safety on
site workers as well as the traveling public, public
relations, media communication, restrictions,
environmental concerns, and keeping emergency
management officials up to date.

I-5508, slope stablization project on [-40 at MM 7.
I-4700, |-26 widening in Buncombe County. Both
projects involved blasting along an interstate route.
Closures were necessary and depending on location
and traffic volume, will dictate permissible blasting
windows.

Gatekeeper Comment: This submission includes
some best practices when reviewing necessary
blasting submittals.

Select which Disciplines you think need to review this issue to provide

guidance.

Applicable Disciplines
Rating (0-5)

Attachments

Construction

TR

Blast Area_png

Drilling on RW13_jpg Metadata
IMG_0267 JPG

IMG_0936.jpg

Figure 4.2. Example of best practice entry within CLEAR
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4.4.3. Institutionalizing knowledge and internal innovation

At the outset of the CLEAR database entry process, the end-user initiates a knowledge
entry either in the form of a lesson learned or best practice. The gatekeeper verifies the
completeness of the entry and passes it along to the Expert Review Panel for its review and vetting
before sending its decision to the gatekeeper. The gatekeeper then uploads the entry into the
CLEAR portal. The time period for a submission to be uploaded as an accepted entry and appear
in the CLEAR portal generally is ninety days from the time it is first submitted by the end-user.
Once the entry has been uploaded into the portal, it is available for other users to peruse and apply
to their projects, thus paving the way for enhanced communication and knowledge-sharing.

In the next steps, the gatekeeper, the Technical Advisory Group, and the Innovation
Coordinators periodically review new CLEAR submissions by deliberating each submission’s
potential organizational innovation to bring about changes in the existing workflow processes. The
selected submissions with a potential to innovate are then shared among project teams and Units
by the respective Innovation Coordinators for the widespread adoption of the accepted lesson
learned and/or best practice and to maximize outreach efforts. Finally, these submissions are
flagged as institutional knowledge with the potential to spur internal organizational innovation,
thereby helping the NCDOT to retain its market competitiveness. Note, however, that not all
submissions within the CLEAR program are geared towards internal innovation, but the intent is
to maximize such submissions for the long-term benefit of the NCDOT. Figure 3 shows the various
steps involved for a submission to be converted to institutional knowledge, possibly leading to

positive changes in the workflow processes.
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End-user initiates a
submission on any topic
related to the NCDOT.

Approved submissions are
searched and shared.

Enhanced communication
and knowledge are shared.

Feedback loops are created
between Divisions and Units.

Innovations are shared and
vetted.

Institutionalized knowledge
is stored.

Figure 4.3. Steps involved in a CLEAR entry for institutionalizing knowledge

4.4.4. Developed CD-SAIL model applied to the NCDOT’s CLEAR program
Machine learning systems in general, and natural language processing in particular, require

vast amounts of input data in order to train effective models. Generally speaking, natural language
processing is a part of Al that strives to create computational models for understanding text and
natural language in the same way human beings can. These computational models, however, have
the ability to process many more documents per hour than even a large team of human experts.
For the scope of this project, natural language processing is considered to be a computational tool
to support human tasks, such as, in this case, searching for relevant lessons learned and best
practices in the CLEAR database. Project managers and other NCDOT project staff need to be

able to search valuable information in the CLEAR database quickly and efficiently. As the amount
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of knowledge increases with each contribution, this process becomes increasingly more complex
and requires the support of more sophisticated computational tools.

To solve this problem, the NCSU research team curated a large corpus of transportation
construction text, in addition to information already in the CLEAR database, to create an Al model
of the English language as it is used specifically by transportation construction experts. This
collection contains over 4000 documents from a variety of sources with over 1.5 million words.
The sources include:

e The CLEAR database (both lessons learned and best practices).

e A sample of eight NCDOT projects (feasibility studies and other related documentation).
e The NCDOT’s current construction manual.

e Several textbooks relating to construction that are publicly available for download.

e Several thousand claims and change orders for NCDOT projects from 1994 through 2018.

These sources of text that were needed to create the corpus of words were selected carefully
in order to include business rules with desirable project outcomes (e.g., construction manuals,
textbooks, CLEAR best practices) and rules that describe past events that worked against the
desired project outcomes (e.g., claims and change orders, CLEAR lessons learned). This selection
process is an important step to make the computer understand not just the business rules that favor
positive project outcomes but also text that describes conditions that are not favorable to the project
and thus bear a negative connotation. Subsequently, the research team trained Doc2Vec (Le &
Mikolov, 2014), a statistical language model, for this purpose. The resultant trained model embeds
a basic understanding of the nuances of transportation construction text via the statistical co-
occurrence of terms in similar contexts learned from the training corpus of relevant documents in

a given domain.
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Neural embeddings, first proposed by Bengio et al. (2003), are used to solve the problem
of statistical language modeling. These models predict sequences of words in sentences, which is
an inherently high-dimensional and difficult problem. Nevertheless, state-of-the-art models, such
as Word2Vec (Mikolov, et al., 2013), have found great success across various fields. Building on
these language models, distributed document representations such as Doc2Vec allow the
interaction between the context of a document and the use of the language within it to be modeled.
These language models embed both words and documents into a unified low-dimensional vector
space (typically 100 to 300 dimensions), which allows meaningful vector operations and similarity
to be measured via cosine distance.

Specifically, Word2Vec is a continuous vector representation of words in large datasets
and is based on a neural network language model. The objective of the Word2Vec model is to
provide the probability of target words from a set of given context words. Doc2Vec is an extension
of Word2Vec and is used for the unsupervised learning of continuous representation for large texts
and documents. Each word is represented by a vector that is improved iteratively via the learning
algorithm. As shown in Figure 4.4, the neural network takes, for example, the context words ‘lack
of easement’ as input, then averages or concatenates them, and next tries to predict the target word
‘construction’. The vector representations are then optimized via the gradient of a loss function to
solve this task. Here, the full phrase is ‘lack of construction easement’, but the word ‘construction’
is removed from the text to try to reconstruct the original phrase. This strategy helps give
meaningful vector representations, because words used in similar contexts, such as ‘railroad’ and
‘railway’, for example, will necessarily have similar vector representations once the model is
trained. Additionally, the research team labeled a vector ‘doc—id’, which represents the current

document or parent context. In fact, ‘doc—id’ comes from a lesson learned, and each lesson learned
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has a unique doc—id in the CLEAR database. This vector allows the model to understand language
changes on a per document basis and to generate a vector representation of each document that

can be compared directly to words and other documents as a measure of their similarity.

construction
Prediction
Average/Concatenate S
DocumentMatrix---){D| |W| ‘W| |W|
T I T I

doc-id lack of easement
Figure 4.4. Example of Doc2Vec neural network language model

Figure 4.5 presents a schematic illustration of the methodology adopted in this study to
suggest a ranked list of lessons learned/best practices from the corpus of NCDOT project
documents. The document words were created from the aforementioned text sources. The
Doc2Vec model assigns vector representations to all the document words. Through empirical
analysis, the research team determined that 128 dimensions would yield the best results for this
task. The team also used a window size of five words and the distributed memory model, although
further evaluation of these two parameters may yield improved results. In the Doc2Vec model,
cosine similarity approximates semantic similarity. Thus, under cosine distance, clusters with
semantically similar words will form. Alternatively, words that are most dissimilar in meaning will
have a negative cosine similarity. For example, in the construction domain, the word ‘grade’ can
relate to the quality of materials, or to a slope/incline, or to the grade separation that relates to two
or more surface transport routes at different heights. Although the word is the same, it can be used
in three different contexts, and based on its occurrence in the source text, its placement will be in
accordance with the semantic meaning that the word conveys in the context of the word usage in
the sentence.
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Project Documents
(Feasibility reports, Doc2Vec
construction mamals, Parse/Extract Document Model Inference Vector
textbooks, etc.) and L1/ Words o Representation
BP data from CLEAR.

¥ Cosine Similarty

Fanked list of
LLE Database Search
tfj | (uses LL/BF vectors to compare KE‘}'WDTdS-"
(annotated by with keywords s well as check Eeyword Sets
selected if word is presem)
keyword(s))
Uses ically /”f teractive 10m
similar words, not nfke}mrds
Just kaywords
Rewise keywords for new/
improved search

Figure 4.5. Research methodology for applying the Neural Language model. (Note: LL/BP is
lessons learned/best practice.)

As shown, Doc2Vec simultaneously trains continuous vector representations of documents
and words. The resultant vector space has useful semantic properties, such as a measure of
similarity using cosine distance. In addition, vector addition and subtraction yield intuitive
semantics. One of the canonical examples is Paris is to France as Berlin is to Germany, which can
be computed using standard vector arithmetic.

Vbaris = Verance + Veermany = Vaertin

The developed CD-SAIL model contains transportation construction-specific information,

such as Power is similar to Transmission, Copper, Storing, and Energy. Using the vector addition,

we can see that Power and Overhead combine to be similar to Powerline and Transmission.

VPower + VOverhead ~ VPowerline or VTransmission
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Using subtraction, the sense of Transmission without the context of Power is more similar
to Axle.

Vrransmission = Vpower = Vaxie

These examples help illustrate that CD-SAIL understands the different contexts of common
words in transportation construction text. This outcome is one of the advantages of curating a
unique corpus instead of using a popular generic pretrained model such as Google’s BERT
(Devlin, et al., 2019) or Facebook’s RoBERTa (Liu, et al., 2019). Other semantic examples include
that the model understands that ‘interchanges’ and ‘intersections’ are related and that ‘fiberoptics’
is related to ‘roadways’. The research team tagged the documents in Doc2Vec uniquely and by
their source. Therefore, vector representations are available for a given project and the individual
documents it involves, which allows the project’s feasibility study to be distinguished from its
environmental impacts, for instance.

As the goal of this research project is to facilitate access to lessons learned and best
practices, the CD-SAIL methodology can be utilized to facilitate the process of identifying which
lessons learned and best practices are relevant to a particular project. The general flow of the
system 1is to upload documents (primarily the feasibility study) for a project. Next, the system
extracts text from the documents and uses the language model to generate vector representations
for each document and the overall project. This representation is used to generate a set of keywords
based on cosine similarity. Each keyword corresponds to a larger set of similar words, such as
‘utility’, ‘utilities’, etc., which are specifically tagged if they are present in a document or merely
inferred as being related. A prime example would be the model understanding the semantic
similarity between ‘interchanges’ and ‘intersections’. This ability of the model allows far larger

relevant sets to be detected than a manual keyword selection approach would allow, or an approach
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that returns only the keywords that are present in a document. This process is interactive whereby
users (typically a project manager or other project staff) can add or remove keywords based on
their understanding of the project and their goals for using the system. Table 4.1 presents examples
of word similarities for keyword sets. Both the keywords and notably similar words exclude
morphological variants, which the CD-SAIL model also marks as similar.

Table 4.1. Keywords and Similar Words Generated from the CD-SAIL Model.

Keywords Notable Similar Words from Model
Resurfacing Grading, Widening, Pavement, Reclamation, Undercut
Power, Powerlines Transmission, Copper, Energy, Storing, Electricity, Overhead
Underground Leaking, Tunnels, Powerlines
Water Sewer, Agitator, Discharges
Water, Sewer Leaking
Soil, Contamination Unstabilized, Toxic, Siltation, Hazardous
Widening Roundabouts, Interchange, Improvements, Resurfacing
Road, Roadway Avenue, Rd, Roadbed, Vehicles
Fiber, Fiberoptic Cable, Utilities, SCP (fiber technology), YAGI (brand of cable),

filtering, roadways

In addition to its ability to find semantically similar words, the CD-SAIL model is robust
against common misspellings and typing errors. Consider ‘utility’, for example. The database
documents contain the misspellings ‘utilitiy’, ‘utiltiy’, and ‘utlility’, but because these words are
all used in the same context and manner as the correct spelling, “utility’, the model correctly infers

that these words are semantically the same.
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In the final step, the CD-SAIL model automatically searches the CLEAR database for the
selected keyword sets. This action returns a ranked order of lessons learned and best practices and
the keywords for which they are relevant, thus allowing the user to determine quickly which
keywords are most relevant, ideally making for a better user experience. The user may also revise
selected keywords and see updated results. The database search utilizes the same language model
that is used to generate the keywords, which allows the lessons learned to be matched to
projects/keywords even if the specific word is not present. An example is that a lesson learned
about ‘power’ and ‘powerlines’ potentially could match the keyword ‘utility’ because they are
related terms in the language model, even if neither of these words, i.e., ‘power’ or ‘powerlines’,
is present in the project documents or in a particular lesson learned. This flexibility improves the
ability of the model to make accurate recommendations without high burden on the user to identify
keywords or fine-tune keyword searches. The model also recommends additional search terms to
the user to help further refine the search. These improvements will make the CLEAR program
more intuitive and thus increase the likelihood that project teams will find important information
quickly, saving money and time for the NCDOT.

The search methodology described here differs from the original CLEAR
implementation and naive keyword search approach. In a naive keyword search, each entry in the
CLEAR database is searched in order to find exact matches of the keywords that are input in the
entry text. This process can be computationally efficient using modern database technologies, but
fails to find many relevant matches because of the requirement to find an exact match. The original
algorithm used in the CLEAR program is approximate string-matching (sometimes referred to as
a fuzzy search). This algorithm is a popular choice for web search interfaces that often yield better

results than a naive search. This algorithm again searches each database entry for keyword
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matches, but this time allows partial matches. For instance, ‘road’ matches ‘roads’ (with a minor
penalty) because it differs by only one letter. This ability to match partially is particularly useful
for misspelled words and typos, but semantically dissimilar words with similar spellings can cause
problems.

The search methodology in the CD-SAIL model first performs an exact keyword search
and then compares the semantic meaning of each search term (and the overall search phrase) to
the computed semantic meaning of each database entry. This semantic closeness is computed via
the cosine similarity of the relevant word, document, and sentence vectors. Figure 4.6 presents
search results obtained from the CD-SAIL model. In this particular example, the user has searched
for ‘utilities’. The ranked list of CLEAR database entries that pertain to the search phrase ‘utilities’
is displayed for the user to peruse and explore further by clicking on the most relevant search result
that is yielded. Additionally, the model suggests semantically similar keywords that are based on
cosine similarity to the search term that is input by the user. Therefore, chances are improved that
the end-user is able to fine-tune the search requirements to acquire the specific information he/she

seeks from the CLEAR database to be applied to future projects.
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Keyword Search

This page lets you enter keywords and see what lessons learned and best
practices the system believes are most relevant.

Just start typing a keyword in the box below and it will automatically search
the model for available words. Click on the suggestions to add them to the
list of search terms. Click selected term to remove it.

Consider trying words like I I B2 EIZD
Q utilities x l@

Included: utility

Suggested: coordinating disconnect easement electric misunderstandings power underground

Results

Lessons Learned #XX

Utility relocation issues - schedules were made and the land was dug in the site to move utilities but when construction was about to start, there were coordination issues with utility
companies. Utility coordination staff are responsible for coordinating with owners to move utilities and they are responsible to catch any conflicts but were not able to catch it on this
project. Utility coordination for DBB projects typically starts at 25% design complete. Getting the utility owners to move utilities is a challenge. The Utility Relocation Agreement has a date
that commits utilities to move so that contractor can begin work. Currently, there is no legal leverage to hold utilities responsible for damages or encroachments.

office: I ~:co- I couny I

Lessons Learned #XX

Contract surveying was left out of project tasks (grey area). Planning phase should have had contract surveying. On this project utilites were deep and drainage was deep; utilities were a
nightmare on this project. Utilities were located but were not picked up, so many utilities out there and they were stacked. There were abandoned lines.

office: I G

Figure 4.6. Search results from CLEAR database based on keyword search input by the end-user
4.5. VALIDATION

The NCSU research team validated the CD-SAIL model for the CLEAR database in several
ways. As shown in Table 4.1 above, construction domain-specific knowledge was used extensively
to sample the language model and validate the results. Commonly used transportation construction
terms were selected repeatedly and checked against similar words and documents from the trained
model. Many different models were iterated to arrive at one that accurately reflected the expert
domain knowledge obtained from the training corpus. Next, the ability of the model to search the
CLEAR database for lessons learned and best practices was assessed by having experts from the
NCDOT and the NCSU research team test the model. Each user systematically entered search
queries and evaluated the results for relevance. This process was repeated twice, once using the
existing and currently deployed approximate string-matching algorithm and again using the Al-

assisted search algorithm in the CD-SAIL model. The model successfully ranked relevant lessons
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learned and best practices higher in the results than the approximate string-matching algorithm and
found entries that were not returned by the approximate string-matching algorithm. The reason for
the benefits of CD-SAIL is twofold. First, approximate string-matching can inadvertently assume
that ‘roadway’ and ‘railway’ share the most letters and thus are related, whereas CD-SAIL
correctly understands the nuanced meanings of ‘roadway’, ‘railway’, and ‘railroad’. Furthermore,
CD-SAIL can successfully navigate many more such examples of common search terms. After the
research team’s evaluation and validation of the CD-SAIL model, the NCDOT has expressed
interest in formally deploying this model for its users. The NCSU research team and the NCDOT
are in the midst of this formal adoption process. Note that the model’s name, CD-SAIL, is used
for the purposes of this paper and that, as more information becomes available, the model’s current
name may be revised in future.
4.6. DISCUSSION

Well-managed knowledge management practices enable valuable information to be
retained that can help minimize repeated mistakes when such practices are applied to future
projects. Lessons learned databases have been in existence for the past two decades to help
organizations store and retrieve knowledge. However, most of these databases have been rendered
ineffective or obsolete for want of being embraced by end-users. End-users must be encouraged to
contribute their knowledge and make use of stored knowledge repositories to apply the knowledge
to projects, because failure to do so risks having a futile knowledge management program and poor
institutional knowledge.

The developed CD-SAIL model automatically and intelligently suggests lessons learned
and best practices that are stored within the CLEAR database at the NCDOT. As far as

transportation infrastructure projects are concerned, better communication across stakeholders
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must be facilitated by harnessing the extant information that is found in domain-specific corpora.
Looking beyond the specific goals of the CLEAR program, this work contributes to advances in
computing technology and impactful knowledge-intensive applications. It also fills a knowledge
gap by facilitating deeper human-to-computer and computer-mediated human-to-human
communication for creating and maintaining robust knowledge repositories.
4.6.1. Steps and considerations for deploying the CD-SAIL model in an organizational
setting

The first step in deploying the CD-SAIL model is to identify all the major sources of text
that relate to practices within the NCDOT, such as project feasibility study reports, construction
manuals, project contract documents, and domain-specific textbooks. Although most of these
sources are in machine-readable pdfs, a few contract documents are much older and type-written,
which makes it difficult for a computer to decipher the language directly. The NCSU research team
used Google Tesseract, a popular open-source optical character recognition engine, to enable the
computer to read and extract text from such documents. The team prepared a corpus of more than
1.5 million unique document words that then were represented in high-dimensional abstract vector
space using the Doc2Vec model. These words were clustered based on their semantic similarity
via cosine distance. Creating such clusters of words helps the model to identify CLEAR database
entries based on a word being close in meaning to the searched keyword(s), even though the exact
keyword does not appear in the entry. For instance, the model is able to recognize that ‘utilities’
and ‘misunderstandings’ are probabilistically semantically related as they appear in raw textual
sources, although such an association would not be possible using a general word corpus in the

English language.
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The neural network language model described in this paper is robust in dealing with
context-specific semantically similar words, thereby strengthening the search results compared to
an objective domain ontology search approach (Rezgui, 2006) or rule-based reasoning using
natural language processing that is based on domain knowledge (Zhang & EIl-Gohary, 2016).
Moreover, using advanced probabilistic models and providing a domain-specific word corpus
eliminates the need to predetermine the relationships between words to build ontologies manually
(Kim & Chi, 2019) and reduces the need for computational resources by using dimensional
reduction techniques that form conditional associations between words that are present in the text
source (Bengio, et al., 2003). In short, eliminating the human effort needed to create semantic
associations will yield improved and reliable search results that are beneficial to end-users.

The developed CD-SAIL model has been validated by NCDOT end-users and fine-tuned
based on inputs received during the validation stage. The validation results show that CD-SAIL is
able to reflect a ranked list of CLEAR database entries accurately based on the searched keyword
that is input by the end-user, thereby making it easy to look for the most relevant content and apply
the knowledge to future projects. Considering the fact that personnel are strained for time, given
their routine work schedules, CD-SAIL is expected to reduce the burden on end-users by
automatically suggesting the most relevant documents and sources so that users can peruse the
stored knowledge quickly and efficiently. By doing so, this Al model is expected to keep end-users
engaged with the CLEAR program, thereby maximizing the chances of the success of the program
in the long run. Importantly, the NCDOT will benefit by spurring internal innovation, leading to
enhanced institutional knowledge and workflow processes.

A worthwhile future endeavor would be for other DOTs that may not have functional

knowledge repositories to create such databases and apply the developed Al model to intelligent
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and automated knowledge suggestion systems. Such applications would be beneficial to both the
end-users in terms of being able to peruse the most relevant content and to DOTs in terms of
increasing internal innovation through the sharing and application of knowledge gleaned by the
end-users in their routine work.

4.7. CONCLUSIONS

Although organizations have started to realize the benefits of having effective knowledge
repositories in place, such repositories bear a huge risk of failure if they are not accepted by end-
users. Once end-users start neglecting to use these knowledge storage and retrieval mechanisms,
the repository will become defunct. Therefore, knowledge repository designs must incorporate the
fact that time and quality are of utmost importance as they pertain to the end-users’ desire to peruse
the knowledge within the repository. That is, the end-user must be able to receive the most relevant
knowledge they are seeking within a relatively short period of time. As such, knowledge
repositories must become more user-friendly to maximize their reach and minimize the chance of
program failure.

This paper presents a novel effort to use the latest Al tools to automate the process of
intelligently disseminating knowledge through a neural network language model in order to benefit
the recently created CLEAR program for the NCDOT. The CD-SAIL model was trained using a
domain-specific corpus of words that were extracted from several sources of relevant texts,
including CLEAR entries, NCDOT construction specifications and manuals, contract documents,
and construction textbooks. Within the transportation and public infrastructure domain, creating a
domain-specific word corpus is even more important due to the scope and societal impacts of

capital projects.
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The developed neural network language model, CD-SAIL, can probabilistically map
essential keywords/sets to text documents and suggest the most relevant and necessary documents
that are semantically related to such automatically detected keywords in these project documents.
The benefits are two-fold. First, the developed model will help end-users sift through large
volumes of data quickly to peruse only the most pertinent data, thereby saving their time and
energy. Second, it will encourage end-users to use the CLEAR database more often, thereby
minimizing the risk of program failure due to lack of end-user participation. The CD-SAIL model
was validated by project managers of various NCDOT projects to obtain comprehensive feedback.
In response, the NCSU research team made necessary modifications to fine-tune the model.
Ultimately, applying Al using natural language processing complements the accurate analysis of
text content within the CLEAR database. In the long run, through its CLEAR program, the
NCDOT will benefit from the organizational innovation that arises out of well-maintained

institutional knowledge.
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S. CONCLUSIONS

5.1. Summary

Lessons learned can be an effective mechanism to document and retrieve wisdom gained
from previous projects and to apply this knowledge to future projects to attain best practices and
find solutions. The CLEAR (Communicate Lessons, Exchange Advice, Record) lessons
learned/best practices database will facilitate improved coordination between inter- and intra-
departmental personnel within the North Carolina Department of Transportation (NCDOT). The
overall aims of CLEAR are to achieve superior design performance and thus reduce the frequency
and impacts of change orders, enhance cooperation, and ultimately accomplish improved
operational performance. Two important concerns here are that (1) project teams are dynamic and
are seldom perform the exact same work on different projects and (2) the aging workforce will
retire before their knowledge can be documented. In either case, a significant amount of wisdom
would be lost if this information is not documented in a proper lessons learned/best practice
database. The CLEAR program will provide scope for the next generation of NCDOT personnel
to implement these lessons learned/best practices to realize desired project goals.

This research effort resulted in an internal-only web-based database that is housed within
the Connect NCDOT SharePoint portal and contains information about lessons learned and best
practices from ongoing or previous projects. Authorized personnel now have the ability to input
data as well as search for information through this web-based database. The CLEAR training
materials, including standard operating procedures and training videos, will assist NCDOT
personnel to contribute effectively to the database. The CLEAR program is expected to encourage
end-users to share knowledge gained on projects and search for relevant lessons using the search

function.
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In addition to the CLEAR database, the three developed data dashboards and artificial
intelligence (Al) model, CD-SAIL, are expected to augment the end-user’s willingness and desire
to contribute to this knowledge repository, thereby leading to the ultimate success of the CLEAR
program. The data dashboards will play a crucial role in identifying and reducing repeated mistakes
on projects by visually displaying the status of preselected metrics. The Al model will map the
essential keywords/sets to document text and suggest the most relevant and necessary documents
that are semantically related to such automatically detected keywords extracted from project
documents. In the long run, this approach is expected to reduce the burden on end-users to look
for relevant content because it automatically suggests the most relevant documents and sources in
order for end-users to peruse the knowledge stored. Likewise, project teams across Divisions and
Units at the NCDOT will greatly benefit from this rich and robust knowledge database.
Importantly, the CLEAR program will help the NCDOT to achieve enhanced organizational
workflow processes and promote internal innovation to maintain its competitive edge.

5.2. Contribution of this work

This research contributes to the existing literature in the following ways:

e A robust knowledge repository system was created using a Design for Six Sigma approach
in a novel way to ensure the longevity of the database.

e The CLEAR knowledge repository will help the NCDOT to promote internal
organizational innovation and institutionalize knowledge.

e Strategic web-based data dashboards will be used to monitor the progress within the

CLEAR program and necessitate time-appropriate interventions.

e The Al-based model, CD-SAIL, will support end-user’s engagement and generate interest

to use the CLEAR program proactively to apply past stored knowledge on future projects.
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e NCDOT project managers can use CLEAR to peruse topic-specific information and apply
this knowledge to future projects, especially in earlier phases to minimize rework due to
repeated mistakes at later stages of the project.

5.3. Limitations

The limitations of this study stem from the current lack of sufficient content within the
CLEAR database to fine-tune the Al model and the data dashboards adequately. The CLEAR
program was deployed throughout the NCDOT in the fall of 2019. Being in its nascent stages and
due to the COVID-19 pandemic, the lessons learned and best practice content within CLEAR has
been a slow but steady process. The NCDOT’s Value Management Office has organized online
training sessions with various Divisions and Units that has resulted in an incremental increase in
CLEAR entries. Moreover, a greater number of entries that cover varied aspects of routine work
performed by NCDOT personnel will help the AI model improve its search results to yield
enhanced end-user satisfaction.
5.4. Recommendations for Future Research

From a textual analysis perspective, combining natural language processing and social
network analysis using textnets (Bail, 2016) can help the gatekeeper and the upper management at
the NCDOT to identify the most prominent keywords that occur within the CLEAR content. The
textnet package available in R performs various natural language processing-related tasks such as
tokenization, lemmatization, part-of-speech tagging, and term frequency-inverse document
frequency for each term obtained. Moreover, its built-in igraph package maps a bipartite
relationship between each of these terms as nodes to yield the most significant nodes of use to
highlight the most frequently recurring terms within the CLEAR content. Thus, the gatekeeper can

introspect the reasons for such terms that occur frequently and take appropriate interventions.
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For this research, three dashboards were developed for the gatekeeper only, but their use
could be expanded to other important CLEAR stakeholders such as the end-users. Although data
dashboards are an excellent means to visualize data, they are also important to monitor the progress
within the CLEAR repository. Hence, a data dashboard for the end-users could display Division-
wise information to encourage end-users (especially those in Divisions that have low rates of
CLEAR submissions) to contribute further to the CLEAR program, thereby aiding the NCDOT in
promoting innovation and reducing repeated mistakes.

The claims and supplemental agreements data stored in NCDOT’s HICAMS system are an
excellent source for identifying the root causes of problems that possibly led to the claims and
supplemental agreements. By using natural language processing to make meaningful connections
between these causes and effects, the CLEAR program can be tapped in improved risk analysis
studies for future NCDOT projects to foresee potential risk items from project documents and
devise appropriate timely interventions to mitigate the effects of such potential risks. This effort
could help the NCDOT in two ways: (1) to identify and mitigate the future risk items and (2) to
save resources in the form of minimized rework and enhanced workflow processes engendered

from the information stored within CLEAR.
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Appendix — A. Design for Six Sigma (DFSS) Model as Applied to CLEAR
The following subsections provide brief descriptions of the five components of the selected Design

for Six Sigma (DFSS) IDDOV model as applied to the CLEAR program.

Identify
end-user
needs
N Define
Yerlfy - based on
Wlth end- ; end_user
users / needs
CLEAR
Database
Optimize Develop |
for best from the
results designs

Figure A-1. Design for Six Sigma (DFSS) model approach applied to CLEAR database
Identify end-user requirements

The first phase of the development of the CLEAR database involved gathering end-user
needs from North Carolina Department of Transportation (NCDOT) personnel and understanding
the features that they envisaged as being incorporated into an ideal lessons learned database. The
focus was to learn the current practices of sharing lessons learned and to obtain detailed
information about the end-users’ needs. For this purpose, the NCSU research team created an
interview guide to obtain responses regarding current needs. The questions were classified into

three categories: basic respondent information, current practices, and database requirements.
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Define the database based on end-user needs

The NCSU research team performed simple qualitative analysis of the respondents’ inputs,
including frequently recurring trends/keywords and content analysis, to extract the most relevant
information. In addition, the team prepared a risk sheet that listed possible caveats that the end-
users anticipated for the CLEAR database. Based on these inputs, the research team devised three
initial segments of user input for the lessons learned database: (1) a description of existing

conditions, (2) lessons learned or best management practice, and (3) project information.

Develop the database from designs

The final database designs were submitted to the North Carolina Department of
Information

Technology (NC DIT) for database development. The CLEAR database is housed within
the Connect NCDOT portal and uses SharePoint to display the lessons learned entry form and uses
MS Access database as its backend. The Connect NCDOT portal covers a wide array of products
used by NCDOT personnel for their daily work and hence was the natural choice to host the lessons

learned database.

Optimize the database for best results

The Value Management Office identified a select group of experts within each applicable
discipline based on their NCDOT experience as well as their knowledge about addressing issues
within these disciplines. These experts, also known as taskforce members, were trained both in
person and via video calls to use the CLEAR database. Their feedback, including whether they felt
that any features were missing and hindered the ability to record lessons learned, served both to

validate the database design and development and to glean their opinions. With regard to space
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constraints within the database, the lessons learned should be able to be archived in an ever-
expanding repository for the future. Such data would pertain primarily to obsolete technologies,

implemented organizational changes, or other suitable subjects determined by the taskforce.

Verify with end-users for completeness

The final phase of the IDDOV cycle is the end-users testing the database and informing the research
team about any possible modifications or additions that are needed. The Value Management Office
conducted a risk assessment study of the CLEAR program to determine any potential risks and appropriate
mitigation measures. The CLEAR lessons learned/best practices database was rolled out first as a pilot
program in March 2020 to a select group of NCDOT units and divisions before expandingits reach to the
entire organization. The Value Management Office will be the gatekeeper of this database and is responsible
for ensuring the completeness and quality of submitted lessons learned/best practices and for the final

uploading of these lessons learned into the database.
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Appendix B. Interview Guide to Identify Trends and Database Fields

North Carolina Department of Transportation Post Construction Assessment Program
Data Collection Guide

Introduction: The purpose of this data collection guide is to gather information that
pertains to trends, lessons learned, and end-user preferences for the design of a lessons learned/best
practices database for the North Carolina Department of Transportation (NCDOT). The ultimate
goal of this database, referred to as CLEAR (Communicate Lessons, Exchange Advice, Record),
is to improve future project design, construction, and maintenance performance. The information
provided in this database will be used to adjust future cost estimates, update standards, and change
policies in an effort to improve the NCDOT as an effective and efficient organization to serve the
public.

Confidentiality Statement: This research strictly follows North Carolina State
University’s (NCSU’s) policy for data confidentiality. All data provided to NCSU in support of
research activities by participating organizations are to be considered confidential information.
The data provided by participants will not be communicated in any form to any party other than
the NCSU researchers affiliated with this project.

Consent: Your participation in this study is voluntary. You have the right to be a part of
this study, to choose not to participate, or to stop participating at any time. You can choose to skip
any question that makes you feel uncomfortable. Minimal risks are associated with participation
in this research. The results of this interview guide will be kept confidential. Your participation
will give the NCSU research team valuable information that will help the team identify key trends
and lessons learned that will be helpful in improving the performance of future NCDOT projects.
By providing answers, you are consenting to be a part of this research project.

L] I agree
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Contact information for follow-up questions: If you have any questions or require
further information about this questionnaire or the research project, please contact one of the
academic researchers: Dr. Edward Jaselskis (ejjasels@ncsu.edu) (Principal Investigator),
Siddharth Banerjee (sbaner22@ncsu.edu) (NCSU doctoral student), or Abdullah Alsharef
(afalshar@ncsu.edu) (NCSU doctoral student).

Definitions:

o Gatekeeper: The gatekeeper is the person who is responsible for reviewing and
approving valid lessons to be included in the lessons learned/best practices database. For this
project, the Value Management Office at the NCDOT will serve as the gatekeeper.

o Administrator: The administrator of the database is responsible for uploading the
verified lessons learned files from the Value Management Office into the database and periodically
removing unnecessary information.

J End-user: An end-user is responsible for making use of the lessons learned and
providing perspectives on the new lessons learned based on experience.

o Lessons learned: Lessons learned is the knowledge gained from one’s own project

experiences as well as the experience of others (Project Management Institute, 2004).

o Lessons learned database: A lessons learned database is a comprehensive
collection of lessons learned data that is organized for convenient access for improving future
project performance (Dictionary.com--partial).

J Trends: Trends are used to identify potential areas where process improvements

would be beneficial (NCDOT Post Construction Assessment Program document).

I Respondent Background
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1. Please identify yourself as an NCDOT employee or Consultant.
2. If you are an NCDOT employee, please provide your title (name not required) and
Division.

3. How many years have you been working with the NCDOT? Non-NCDOT?

4. Which department are you affiliated with? What is your role within this
department?

5. Have you worked in other departments within the NCDOT?

6. Which County, Division, and District have you worked with?

I1. Trends and Lessons Learned

1. Please identify any trends or recurring issues within your specific area of

responsibility that, if addressed, could improve NCDOT project performance.

2. Are there any best practices that you would like to share that could improve
planning, design, construction, or maintenance procedures?

3. In order for the research team to explore trends and lessons learned, we would like
to review documentation from past projects that include, but are not limited to, construction quality
index reports, claims, supplemental agreements, pay items/quantities, diaries, and monthly project
reports. Would you be able to provide the research team with such information? Specific
information to be collected includes the following:

a. Continuous quality improvement: Rating and comments for all parameters.

b. Claims: Claim Description, Claim ID, Claim Status, Claim Type, Contract Bid
Amount, Contract Number, Contract Status, Contract Type, Delay Cause, Federal Highway

Administration (FHWA) Authorized Representative, FHWA Date, Issue Description, Issue ID,
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Issue Reason, Issue Specification, Issue Status, Issue Type, Resident Engineer, Time Granted,
Time Requested, Time Unit.

c. Supplemental agreements/contract adjustments: Contract Number, Contract Status,
Contract Type, Deciding Job Title, Deciding Staff, Decision, Decision Comment, Decision Date,
Description, FHWA Authorized Representative, Justification, Resident Engineer, Status, Total

Amount, Type of Work.

4. Would your department or unit effectively use information obtained from similar
completed projects?
5. What is your department’s current practice for obtaining best practices regarding

previous projects?

6. Is the current practice for obtaining useful information from similar completed
projects effective? If not, how would you recommend improving the current practice for capturing
information from completed projects?

7. Please share any additional thoughts regarding trends and lessons learned that could
improve NCDOT project performance.

Lessons Learned Database End-User Preferences

Note: To facilitate the identification of preferences, the research team plans to show
examples of other lessons learned databases (e.g., USDOT and Kentucky DOT).

1. The proposed lessons learned database is intended to capture and store lessons
learned information and to allow NCDOT employees and consultants to search various lessons
learned from the perspective of planners, designers, construction engineers, contractor engineers,

and maintenance engineers.
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a. Please provide comments regarding your preferences for a lessons learned database
to maximize its use.

b. What would you like to see included that would increase your participation and use
of a lessons learned database?

c. What information that describes the lessons learned would be helpful (e.g., type
and size of project, short or long version of the lessons learned, etc.)?

d. What level of detail should be provided?

e. The research team proposes to have searchable lessons learned displayed in a
manner such that the end-user will be able to read through multiple initial descriptions based on
search criteria (e.g., project size, location, trends, etc.). Once the end-user feels that a particular
lesson is relevant, he/she will have the option to explore the full content. Does this approach seem
appropriate or should the research team consider another approach?

f. Would you prefer to arrive at lessons learned using drop-down menus under each
category? If so, what categories or filters should be used? Alternatively, would you prefer another

method (e.g., select project size > select project location = trends = and so on...)?

2. Please provide any other ideas or suggestions for creating the lessons learned
database.
3. How familiar are you with MS Access and SharePoint? Do you find these platforms

easy to use? What are some of the drawbacks of these platforms?

Information Technology (IT) Department

. Database specifications
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o What is the most appropriate software to use to develop the lessons learned
database?

o What are the steps involved in developing and implementing such a software
application for the NCDOT website and server implementation? How long does this process
usually take?

0 If photos or videos are used in the lessons learned database, would the user be
restricted to an upper limit for the size of images that can be uploaded?

0 Could hyperlink text within entries be provided for users entering lessons into the
lessons learned database?

0 Has the IT Department built and published similar databases?

0 Are these databases still functioning? If not, what are the reasons?

o Access for non-NCDOT employees

@ How will design consultants and other non-NCDOT personnel, including

contractors, be able to gain access to this database?

@ How can outside consultants enter their own lessons learned to the database?
o Support
0 What kind of support can the NCDOT Value Management Office team expect from

the NCDOT IT Department during the development phase, piloting phase, and long-term
implementation phase?

0 What kind of assistance can the research team expect from the IT Department as
the lessons learned database is developed and piloted?

o What level of training support can the IT Department provide?
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o What are the procedures for upgrading the platform for the database after a certain

number of years (e.g., upgrade to a new version of a software product)?
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Appendix — C. End-User Considerations for the CLEAR Database
Based on the interview responses, the research team considered the
following points for designing the CLEAR database:

Database Design Considerations

. Software

o Microsoft Access is well known but respondents had concerns that it
might not function very well as the size of the database increases.

o The database needs the capability to populate fields using data from
other sources (to mitigate the double entry of data).

. Structure

In general, respondents liked the fields in the preliminary database, e.g.,
description of existing conditions, lessons learned/best practice, reference, project
name, project number, contract number, project size, etc. Suggestions for
improvements included:

o Add an impact or severity rating for each lessons learned/best practice.

o Identify the beneficiary(ies) of the lessons learned/best practice.

o Use keywords found in Roadway Standard Drawings, Specifications,
and Special

Provisions, e.g., earthworks, pipe culverts, contract time, liquidated
damages, etc.

o Design a short version rather than detailed descriptions because users
will know where to go for more information.

o Include links to standard NCDOT documents, e.g., specifications,
design details, contract documents, claims, and supplemental agreements, to make

it easier for users to find this information.
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o Provide the name of the unit as contact information for additional
inquiries rather than the name of a contact person.

o Provide photos or links to photos.

. Data Entry

o For larger and longer duration projects, enter lessons learned during
the construction phase. For smaller projects, lessons learned can be assessed at the
end of the project.

o Try to make the amount of time for data entry less than five minutes,
as entering data should not be a large time commitment.

o Avoid having to enter the same data twice.

o Use drop-down menus as much as possible to reduce the amount of
manual data entry.

o Populate certain fields automatically from other sources, e.g., the
Highway Construction and Materials System (HiCAMS), where possible.

o Start by entering the more impactful lessons learned, e.g., ones that
resulted in claims and supplemental agreements.

. Search Capability

o Provide a keyword search capability that is similar to Google searches.
The current

NCDOT search capability could be improved.

General Observations

. The current approach to sharing lessons learned/best practices
from one project to another is informal (word of mouth).

. Groups tend to be in silos in that they do not communicate with
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those outside their units/offices or division.
. The NCDOT has experienced significant turnover in all
departments. A new database could help serve as a training resource for new staff.
. Better project coordination is needed. Maintenance should apprise
the design team of problems faced so that such issues can be addressed during the

design phase
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Appendix D. CLEAR Program Risk Assessment Memo to selected NCDOT Personnel

Thank you for your participation in the CLEAR Program risk assessment.
You were selected to assist in reviewing this program because of your expertise in

your field and familiarity of the CLEAR Database, or lack thereof.

The overall objective of this risk assessment is to evaluate the CLEAR
Program and identify areas for improvement as well as opportunities to pursue. The

goal is to increase the visibility, awareness and usage of the CLEAR Database.

CLEAR is an acronym for Communicate Lessons, Exchange Advice, and
Record. The CLEAR Program provides a communication database that receives
lessons learned, potential ideas, or areas of concern from employees throughout the
Department. Those submissions are then sent to the appropriate discipline/unit
within the Department for expert review. The experts have the opportunity to
approve the lesson, provide clarifying information or be notified of the need for a
change. The submission, with expert comments, is then published in the CLEAR
database and searchable by NCDOT employees. It is the goal of the CLEAR
program to create communication feedback loops throughout the Department and
to provide useful lessons that can be applied to future work activities. Prior to
attending the Risk Assessment next Thursday, please take some time to explore the
CLEAR website and Database located here: https://connect.ncdot.gov/site/lessons-
learned/Pages/default.aspx. Please note the home page and the submission forms are
in the process of being updated by Web Services. The draft version of this update

will be provided during the risk assessment.
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Ultimately, the goal of the risk assessment is to create a list of ideas and
actions which the Value Management Office can pursue in order to improve,
simplify, and expand the existing CLEAR Program. The risk assessment will focus

on two specific opportunities for improvement:

1. How do we encourage employees throughout the Department to begin
using the CLEAR database?

This team will seek opportunities to clarify the role of the CLEAR Program
within NCDOT. This team will identify training and outreach opportunities needed

to make this program known, understood, and applicable throughout the

Department. Areas of focus for this team may include the following:

a. How can we promote the use of the CLEAR Database?
b. What are the reasons people wouldn’t use the CLEAR Database?
c. How can we provide opportunities for outreach/training regarding
solicitation of new ideas?
d. How can we make resources available for use of the CLEAR database for
NCDOT employees without emails?
2. Systemic Program Integration and Improving our Innovative
Culture—Long Term, how do we encourage DOT employees to search the
database for lessons and keep users submitting to the database?
This team will look at the CLEAR Program and its integration throughout
the Department from a strategic perspective. This team will ensure that the
resources of the Department are being leveraged to the fullest extent possible to

create opportunities for innovation and encourage a culture of innovation

throughout the Department. Areas of focus for this team may include the following:

a. How can we inform our staff of new approved lessons as well as internal
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inventions?

b. Do we need additional resources or funding to enhance the CLEAR
Program?

c. Are there policies, laws, standards, SOPs, etc. that need to be adjusted to
substantially improve CLEAR database usage?

d. How can we promote a culture of innovation throughout the Department?

These questions and areas of focus are by no means exhaustive of all

possibilities. As a reminder the Risk Assessment is Thursday. November 21 at

313 Chapanoke Road beginning at 9 AM. If you have any questions or need

additional information, feel free to contact me at 919-707-6682 or via e-mail at:
awtamer@ncdot.gov or Clare Fullerton at 919-707-6683 or

cefullerton@ncdot.gov. Thank you in advance for your input and expertise.

130


mailto:awtamer@ncdot.gov
mailto:cefullerton@ncdot.gov

Appendix E. Sample Screenshots from the CLEAR program “How-to” Videos
The following sample screenshots are taken from the training video on “How fo

submit a lesson learned to the CLEAR program database”.

Meaningful lessons learned Step I: Login

https://connectncdot.gov/site/lessons-learned/Pages/defaultaspx

é Encourages positive outcomes

b Reduces potential fo

Step 2 owion —

Complete Basic Respondent Information Region

Eastern |~

County

CLEAR Lesson Learned

provided for obstacle or challenge you faced

AcCess gensed You g0 NOL have PEFMISSION [0 Perform Dus ACHON Of ACOESS IS 1ES0UTe Brunswick

Solution to solve Duplin
Name: * the problem New Hanover
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Appendix F. Instructions for operating and administrating the CLEAR Website

Dashboard

Dashboard 1. Website Analytics

The following guidelines provide direction for the set-up, administration, and
operation of the CLEAR website data dashboard. Thank you for your support of this

important program.

STEP 1: Start by obtaining the valid files and saving them in a common folder.

The workbook for the visualization of the website data is a Tableau file (CLEARWebsite
Data Visualization.twbx) that utilizes two data sources: (1) CLEAR website data - February
2021, Processed.xlsx for facilitating the data metrics aspect of the dashboard and (2)
Website-Geolocation.xlsx for facilitating the geolocation aspect of the dashboard. Both

files can be edited and renamed to include the latest data to be sent to the dashboard.

STEP 2: Specify the data sources for the dashboard within the Tableau workbook.

Within the Tableau workbook, open the ‘Data’ tab and use the ‘Add’ option to specify
separately the two data sources for the website dashboard. Once the data sources have been
added, they can be updated by clicking the arrow next to their name within the ‘Data’ tab
and using the ‘Edit’ option. Always toggle the ‘Cleaned with Data Interpreter’ option along
with the data source. Use this option to add both Excel files to the website visualization

dashboard.
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Add a Connection

Con Add

Website-Geolocation
Microsoft Excel

Tableau Server
Sheets pel
Cleaned with Data Interpreter

Review the results. (To undo
changes, clear the check box.)
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Text file
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PDF file

Spatial file
T New Union

Statistical file

More...

Microsoft SQL Server
MySQL

Qracle

Amazon Redshift

More.

Charlotte

Once the data sources have been specified, look at the sample data values column exhibited

by Tableau within the same ‘Data’ tab to see that all attributes and their corresponding

values are being input correctly within Tableau.
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EH | = Sortfields Datasource order -

@ @ ® ®

Sheetl Sheet1 Sheet1 Sheetl Sheetl

City Page Views- City Latitude Longitude State Country

Apex 4  35.7327,-78.8503 North Carolina  United States
Clayton 29  35.6507,-78.4564 North Carolina  United States
Creedmoor 26  36.1224,-78.6861 North Carolina  United States
Durham 14  35.9940,-78.8986 North Carolina  United States
Fuquay-Varina 6 35.5843,-78.8000 North Carolina  United States
Garner 68 35.7113,-78.6142 North Carolina  United States

STEP 3: How to navigate amongst the various visualization options within Tableau:
To navigate among the various visualizations and dashboard views, use the navigation tab
at the bottom of the Tableau window to view and edit individual visualizations and the

dashboards that they feed.

Data Analytics % Pages iii Columns City.

@ Sheetl (CLEAR Website ...

i= Rows SUM(Page Views- City)
5 Sheetl (Website-Geoloc.

Filters .
olyim~ December 2020 NCDOT Website Data - Trends based on place of access
Tables City
® ciy 1300
= Date Mariey
1200
£, Hour ul Automatic
sbe Page Title - sidh
A Measure Names > & o
T Gol Size || Label
Bk: PageViews T 1000
4 Page Views- City ofo =
4 Page views- Hour D] [eoke 900
% Page Views-Date )
@ Latitude (generated) 500
@ Longitude (generated) =
4 Sheetl (Count) £ 00
4 Measure Values g ¢
<
& 600
&
500
400
300
200
100 Average
Bl L e T s oo IO s
B Data Source [ Web Page Analysis 0 Website Data- Time and Loca... BB 1 Map Website Date-Oriented = Time-oriented = Page-Oriented  City-Wise E} B 0}
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STEP 4: How to edit the Geolocation visualization within the dashboard:

As soon as the Website-Geolocation.xIsx file is added within the dashboard’s data sources,
the automatically generated latitude and longitude attributes for the cities are available
within the dashboard. These two values are used as columns and rows, respectively, for the
visualization and can be dragged to the visualization from the ‘Tables’ menu. The City and
SUM(Page Views) can be added as useful filters to help limit the cities shown on the map
visualization. Additional attributes are specified in the ‘Marks’ menu to control the level

of detail that is exhibited within the map.

Data Analytics *  Pages iii Columns
B SheetL (CLEAR Viebsite = Rows
ﬁ Sheet1 (Website-Geoloc...
St e Geolocation- Website
u e '
v & Country, State, City i - = A .
@ Country & =
@ State Marks z % g 7
& Ciy O Automatic - 2 ) ‘
® Latitude Longitude = [ ey 1 §
A Measure Names i & o % 8 ] ,/w . ’ [
3 PageViews: Cly Color | Sze | Label ~gf . P
@ Latitude (generated) o8 Q 2R ]\}A M < __ Durham
@ Longitude (generated) Detal | Tooltip \ A~ 2 .
% Sheetl (Count) BY spoce vie. BB A ' ; : Pittsbaropex
& Measure Values > TS /f—‘_/ e T Wi i

/‘{p—\——(narlom

+ D | ‘ 4 '
ol }

- \ \ Fayetteville
o CID ‘ ;

/ \ v A
\I ¥ il .:,
\ 2 ; S . W;lm:nfton
Y § : 3 '

Atlanta _ B 3 ’\\ . i

& 2021 Mapbox © OponStresdlap \

City

] (an)

E Angier

[v] Apex

[¥] Atlanta

E Cary

[¥] charlotte
E Clayton

[¥] creedmoor
[v] Durham
[v] Fayetteville
] Fuquay-Varina
Z Garner

[v] Kknightdale
[¥] Morrisville
[¥] Pittsboro
[¥] Raleigh

[¥] sanford
[¥] selma

[¥] wilmington

SUM(Page Views- City)
2 1251

(r—)

SUM(Page Views- City)
2
500
1,000
1251

SUM(Page Views- City)
2 1,251

Highlight City
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STEP 5: Edit the Page-View Oriented visualization within the dashboard.

For the Page-oriented visualization, row and column values are not specified explicitly.

Rather, use the ‘Marks’ menu to add various attributes such as Page Title to help the

visualization. SUM(Page Views) is added as a filter for the visualization.

Search
Tables

@ City

£ Date

B Hour

Abc Page Title
Ave  Measure Names
Page Views

Latitude (generated)
Longitude (generated)
Sheetl (Count)
Measure Values

# # B O # # ¥ H

Page Views- Cif
Page
Page Views-Date

Filters

SUM(Page Views)

Marks

O Automatic -
tH &
Color  Size | Label
oo (&

Detall | Tooltip

B Page Title

I8]  SUM(Page Vie..

BN sUM(Page Vie..

Page Title

SUM(Page Vie..

NCDOT Website Data - Page Visit Trends

CLEAR Communicate Lessons, Exchange Advice, Record
42

Accepted Lessons Learned- Lessons Learned
261

‘Accepted Lessons Learned -

Accepted
196

CLEAR Accepted
Lessons Learned &
Best Practices Search
63

Site Contents
46

Accepted Best
Practices-

STEP 6: Edit the city-oriented, time-oriented, and date-oriented visualizations within

the Dashboard.

For the City-oriented visualization, the City and the Sum (Page Views- City) attributes are

specified as columns and rows, respectively. The City attribute is also added as a filter to

regulate the data points included within the visualization.

136



st December 2020 NCDOT Website Data - Trends based on place of access
: City
1300

Marks
1200

ul Automatic ».

HH & 1100
Color Size Label

KR () 1000
Detail Tooltip
900

800

700

Page Views- City

100 Average

0 o —_— e R
e P s = o  c i £ ) o s w = e £ B = £
5 z 2 £ e 5 o ° o
z 2 E T =] 2 8 I} z = € ] 3 <] = <] £ 2
o ) =} £ = i~ s o ° =4 1
g £ 3 ¢ 2 % E £ 3 8 5 2 G 2 3 £ 3 B
< =] = 75 5 = 2 = £ 9 © £ £

< 2 © ¥ & § . ¢ = = £ ox 3 £
(=3 o = ) g a =

5
& g 5 H

g

For the Date-oriented visualization, the Day (Date) and the Sum (Page Views-

City) attributes are specified as columns and rows, respectively.

iii columns SUM(Page Views-Date)
NCDOT Website Data - Datewise Trends

Day of Date

28| Average
1] 50 100 150 200 250 300 350 400 450 500 550 600

Page Views-Date
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For the Time-oriented visualization, the Hour (Hour) and the Sum (Page Views- City)
attributes are specified as columns and rows, respectively. The Hour (Hour) attribute is

also added as a filter to regulate the data points included within the visualization.

ii Columns HOUR(Hour)
= Rows SUM(Page views- Hou..

NCDOT Website Data - Hourly Trends

Hour

180

160

140

Page views- Hour

120

100
Average

80

60

40

20

STEP 7: Access the dashboards being generated through the visualizations.
The visualizations are utilized in three separate dashboards within the Tableau file, which

can be found using the ‘Navigation’ column at the bottom of the Tableau screen.
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The first dashboard, Web-Page Analysis, is used for displaying web-page access trends.
Further information can be viewed by placing the mouse cursor on the elements within the

dashboard to activate the ‘Tooltip’ option within the Tableau dashboard.

NCDOT CLEAR Website Analysis - What pages are the most visited?

The relative size of the various blocks are representative

NCDOT Website Data - Page Visit Trends of the relative page visits for each page

CLEAR Communicate Lessons, Exchange Advice, Record
421

Page Title: CLEAR Communicate Lessons, Exchange Advice, Record
Page Views: 421

LLEAR ACCepted Site Lontents
Lessons Learned & 46

Accepted Lessons Learned - Lessons Learned Best Practices

261 Search
63

-Telecom
38

Accepted Best Practices -

The second dashboard “Website Data- Time and Location” is used for displaying the city-

wise, timewise, and date-wise web-Page access trends.
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City- Wise Website Data Analysis
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\ 16 | N Pr—
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The third dashboard “Geolocation Map” is used for displaying the map-based visualization
of the website data based on place-of-access. The filtering and tooltip capacity of Tableau

can be utilized within this dashboard.
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Geolocation- Website e (All)
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Apex
Atlanta
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Creedmoor
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Dashboard 2. Lessons Learned/Best Practices Visualizations

Instructions for operating and administrating the CLEAR Lessons Learned Dashboard

The following guidelines provide direction for the set-up, administration, and
operation of the CLEAR lessons learned data dashboard. Thank you for your support of

this important program.

STEP 1: Obtain the valid files and saving them in a common folder.

The workbook for the visualization of the website data is a Tableau file (LL BP Dashboard
Visualization.twbx). It utilizes three data sources: NCDOT Division Boundaries. json, SB
LLs BPs March 29 2021.xlsx, and LL_Geo_Division.xlsx. All three files can be edited and

renamed to include the latest data to be sent to the dashboard.

STEP 2: Specify the data sources for the dashboard within the Tableau workbook.

Within the Tableau workbook, open the ‘Data’ tab and use the ‘Add’ option to specify
separately the three data sources for the lessons learned dashboard. Once the data sources
have been added, they can be updated by clicking the arrow next to their name within the
‘Data’ tab and using the ‘Edit’ option. Also, always toggle the ‘Cleaned with Data
Interpreter’ option along with the data source. Use this option to add the three Excel files

to the website visualization dashboard.
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Once the data sources have been specified, look at the sample data values column exhibited

by Tableau within the same ‘Data’ tab to check to see that all the attributes and their

corresponding values are being input correctly within Tableau.
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STEP 3: Edit the geolocation visualization within the dashboard.

As soon as the NCDOT Division Boundaries.json and LL Geo Division.xlIsx files are

added within the dashboard’s data sources, automatically generated latitude and longitude

attributes for the cities within the dashboard and the corresponding NCDOT Division

boundaries become available. These two values are used respectively as columns and rows

for the visualization and can be dragged to the visualization from the ‘Tables’ menu. DOT

Division IDs and the Lesson Learned ID can be added as useful filters to help regulate the

Divisions that are shown on the map visualization. Additional attributes are specified in

the ‘Marks’ menu to control the level of detail exhibited within the map.
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STEP 4: Edit the Knowledge Gained, Monetary, Operations and Maintenance,

Safety, and Combined Average visualizations within the dashboard:

For the average-oriented visualization, the Accepted Item attribute is specified within

columns and the corresponding SUM (Avg(Benefit Rating)) within rows. A filter is
provided to see the data points that relate exclusively to lessons learned and best practices.

The corresponding details are provided within the ‘Marks’ menu of Tableau.
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STEP 5: How to edit the Implementation Path Status visualizations within the
Dashboard:

For the implementation path status-oriented visualization, row and column values are not
specified explicitly. Rather, use the ‘Marks’ menu to add various attributes such as

implementation path status, accepted items, etc. to help the visualization. The entry type is

added as a filter for the visualization.

Avg KG

0.0000
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Entry Type
(Al
B8P

L

0.8000
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i Implementation Path Status- Combined

Entry Type
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| O Automatic ¥
tH &
Color Size Label
oo || BJ
Detail = | Tooltip
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Implementation
43 . .
i Implementation Path:  Implementation
Count of Accepted Item: 43

STEP 6: Access the dashboards being generated through the visualizations:

The visualizations are utilized in three separate dashboards within the Tableau file. These
dashboards can be found using the ‘Navigation’ column at the bottom of the Tableau
screen.

The first dashboard, LL-Geolocation D/B, is used for displaying a Division-wise summary
of lessons learned and best practices. Further information can be viewed by placing the
mouse cursor on the elements within the dashboard to activate the ‘Tooltip’ option within

the Tableau dashboard.
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LL-Geolocation D/B
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division IDs for viewing the details of the lessons learnt contained within the concerned divison(s). 8
| |19
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Lesson-Lear.. Description Division | |12
LL31 Inspectors caught grout issue on cored slab bridge after hardened. L Abc{ 14
LL49 VEP to remove the need for temporary shoring prior to phase 1 of culvert construction. 3, Ahci

The second dashboard “IP Status — D/B” is used for displaying details about the

various metrics associated with the ‘Implementation Path’ Status.

148



IP Status D/B Entry Type

This dashbeard showcases the combined implementation path status for both Lessons Learned and Best Practices. Use the filter on the right to  ImPplementation Path

filter between individual LL and BP W Nl
M Evaluate
W Implementation
M Review
Implementation Path Status- Combined .
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Dashboard 3. ICI Data Visualizations

Instructions for operating and administrating the CLEAR ICI Data
Dashboard

The following guidelines provide direction for the set-up, administration, and operation of
the Innovation Culture Index (ICI) data dashboard. Thank you for your support of this
important program.

STEP 1: Obtain the valid files and save them in a common folder.

The workbook for the visualization of the website data is a Tableau file, ICI Data
Visualization.twbx. It utilizes a single data source: ICI Results.xIsx. The Excel file can be
edited and renamed to include the latest data to be sent to the dashboard.

STEP 2: Specify the data sources for the dashboard within the Tableau workbook.
Within the Tableau workbook, open the ‘Data Source’ tab and use the ‘Add’ option to
specify the data source for the ICI data dashboard. Once the data source has been added, it
can be updated by clicking the arrow next to its name within the ‘Data’ tab and using the
‘Edit’ option. Always toggle the ‘Cleaned with Data Interpreter’ option along with the data

source. Use this option to add the Excel file to the website visualization dashboard.
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Once the data source has been specified, look at the sample data values column
exhibited by Tableau within the same ‘Data’ tab to check that all attributes and their

corresponding values are being input correctly within Tableau.
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STEP 3: Edit the visualizations for the various Question-oriented and Demographic
Oriented questions.

All the visualizations i.e., QW Trends, Average Q- Ascending, Average Q- Descending,
Individual Question Ratings, Years of Work Experience, and Average Job Responsibilities,
follow a common trend where the relevant pair of attributes are specified as the rows and
columns for the Tableau visualization. Filters are provided wherever necessary to help the

user select the data points to be incorporated within the visualization.
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STEP 4: Access the dashboard being generated through the visualizations.
The visualizations are utilized in the ICI Demographic dashboard within the Tableau file.

The dashboard can be located using the ‘Navigation’ column at the bottom of the Tableau

screen.
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