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Abstract: Since its introduction, Building Information Modelling has evolved into a major technology
in the construction industry, where information flows play a major role. However, the very presence
of waste within these flows prevents the technology from reaching its full potential. This paper aims
to develop a taxonomy focused on the sources of waste within information flows in BIM projects,
as existing taxonomies focus primarily on work and material flows. Using a collaborative design
science research approach, the study was divided into two phases: first, semi-structured interviews
were used to collect data on BIM practices. The data was then used to identify similarities and
contradictions in the information flows using process maps. Second, the ShareLab approach was
used to validate the findings through a common agreement. The paper’s main contribution is the
taxonomy of sources of waste in BIM project information flows, as it closes knowledge gaps in one of
the main flows of construction projects. Another contribution is its use of a new approach to validate
an artefact in a Design Science Research methodology named the ShareLab approach.

Keywords: building information modelling; nD modelling; information flow; taxonomy; waste

1. Introduction

BIM was introduced to the construction industry with the aim of improving produc-
tivity thanks, in part, to centralized information [1]. Initially, BIM was largely considered to
be a tool designed as a 3D digital model [2,3]. However, traditional construction processes
are compatible with the use of BIM technologies. This requires an evolution of construction
industry practices to adapt to the new BIM related processes [4]. Today, the different
dimensions of BIM, also called nD modelling, are revolutionizing construction practices
and technologies [5].

An improved collaboration and interoperability between project stakeholders are
fundamental in the BIM approach. This explains the major role of information flow within
BIM processes. In order to guarantee the efficiency of the BIM approach, information
flow quality must be optimal. A potential solution to a recurring problem is to identify
and eliminate sources of waste in the flow of information. This solution has, in fact,
been implemented in other flows found in construction processes. In that regard, certain
tools, approaches, and techniques have been developed to improve work flows [6,7]
and material flows [8,9]. The information flow is part of the three main flows found in
construction processes, the others being work and material flows. These three flows are
interrelated [10]. Existing research focuses on specific cases of waste, without necessarily
defining the cause, and without seeking to classify and/or prioritize the sources [11,12].
Implementations focusing solely one or two flow types thus provide only partial solutions.
Regarding waste, taxonomies have been developed to improve processes related to work
and material flows, whereas none has been established for information flows. Some waste
sources are present in multiple flows, while others are specific to a single flow. Thus,
when using existing taxonomies developed for the work or material flows, the sources of
waste specific to the information flows go untouched, as they are not identified. With the
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advent of BIM, eliminating waste within information flows offers the best opportunities
for major gains in quality, predictability and productivity.

The objective of the present research is to form a taxonomy of waste sources in
BIM information flows. This research choice was motivated by the need to improve
productivity in construction projects, with a focus on information flows. This is due to the
role of information in BIM implementation at the industrial scale becoming central to the
management and delivery of construction projects. The impact of waste elimination for
information flow management is significantly broader than for other flows, as it covers
the entire lifecycle of a project. The National Institute of Standards and Technology (NIST)
report (2004) is the only literature that has studied and quantified the issues of waste in
the management of information flows throughout the building lifecycle [13]. This article
presents the results of an exploratory research aiming to improve the entire life cycle of
BIM construction projects. The use of a taxonomy allowed to facilitate the description and
analysis of the results and to communicate knowledge [14].

This research is based on an exploratory approach involving inductive reasoning [15].
Data collection was realized in collaboration with BIM consultants, one client and pro-
fessionals from four different fields of the Canadian construction industry (architecture,
MEP engineering, general contractor, and MEP contractor) on commercial and residen-
tial type constructions. Additionally, Design-Build and Design-Bid-Build projects were
studied, as well as three BIM dimensions: 3D with the use of BIM Execution Plan (BEP)
and the Level of Development (LOD), 6D with sustainability, and 7D with operation and
maintenance. This extensive data collection allowed a complete and more accurate picture
of information flows in construction processes.

This paper starts with a literature review focusing on the sources of waste within
the information flows of the different BIM dimensions. A description of the methodology
used for the research follows, along with a presentation of the participants in the study.
The next section provides the results and their analysis, with the generation of a taxonomy
of the sources of waste in the information flows of BIM projects. Finally, the last section
summarizes the paper’s contributions and limitations, and presents the conclusions and
recommendations for future work.

2. The Concept of Waste in BIM Information Flows
2.1. Information Flow and Waste

The concept of flow has been used in the manufacturing industry for decades through
the use of Lean production. One of the five key principles of Lean thinking involves
improving the flow by implementing continuous improvement [16]. Based on the same
principles, Lean thinking has been adapted to the construction industry to improve its
processes. However, with the emergence of new approaches such as BIM, new processes
have been developed, with information flow playing a major role [17]. Indeed, the BIM
implementation was designed to provide a centralized platform aimed at facilitating
information sharing [18]. These authors provided a guide describing a structured procedure
for creating and implementing BIM in a construction project. However, several barriers
have been identified as being at the root of problems that prevent us reaping the benefits of
BIM. These include a lack of BIM coordination, the quantity and quality of information
exchanged between the parties involved, resistance to change, a lack of understanding of
the entire information flows process, and a lack of a common shared vision [19]. Indeed,
a recent scientometric analysis concluded that an extension of collaboration between parties
in off-site construction would enhance dialogue and debate on ideas and initiative for
future work [20], showing that these issues are still present to this day.

These issues highlight the notion of waste and its impact on BIM projects. Ohno [21]
was the first to develop a taxonomy of sources of waste. This taxonomy is oriented toward
waste in production, with a focus on work and material flows. The notion of taxonomy is
used in the model of Knowledge Management (KM) as a means of communicating knowl-
edge [14]. In their paper, Sarayreh et al. [22] explain the SECI model, developed to establish
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a knowledge transfer process. According to this model, the transfer of knowledge is di-
vided into four processes: Socialization, Externalization, Combination, and Internalization.
In the context of this paper, two of these processes are used. The first is Externalization,
which proceeds through the use of dialogue, interviews, and workshops. The process is
used to transform implicit knowledge into explicit knowledge. The second is Combination
which, for its part, is the process of conveying the explicit knowledge into various forms,
such as documents, databases, and taxonomies [22].

Koskela et al. [23] identified the need to develop a taxonomy of waste sources specific
to construction, as the seven production wastes defined by Ohno do not reflect the specific
nature of the production systems of this industry. From this, researchers developed a
taxonomy oriented toward the management of construction projects, more suited for the
construction industry [24]. This taxonomy focuses on the same types of flows, but adds
the human component, as it plays an important role in every step of a construction project,
whereas in production, most of the work is automated. Both taxonomies, however, do not
take information flows into account. The same can be said of construction waste mini-
mization approaches, techniques and tools, in which case research tends to focus on work
and material flow wastes. For example, Liu et al. [25] conducted a literature review on
existing waste minimization tools, approaches, and techniques in the construction industry,
and how BIM could aid in waste reduction. Their aim was to identify existing BIM practices
and tools to help design out waste in construction projects. However, they only focused
on material waste. More recently, the same authors developed a BIM-aided construction
waste minimization framework based on their literature review [26]. The same observation
can be made, as they only focused on material waste when developing their framework.
Several other research efforts have come up with ways to reduce waste in construction,
such as using a combination BIM/Lean to develop a framework designed to eliminate
waste in the design phase [27] or producing a taxonomy of waste based on the TFV theory,
with a focus on work and material flows [28]. Dubler, Messner, and Anumba [11] provided
an adaptation of Ohno’s seven wastes of production in the information exchange process.
However, information exchange is only a small part of the information flow, and the seven
wastes of production do not cover all the sources of waste in construction, and especially
in terms of information flow. More recently, Issa and Alqurashi [29] proposed a model for
evaluating causes of waste depending on Lean implementation in construction projects.
The authors provide extensive results, with 42 identified sources of waste, and identify
a correlation between the levels of waste and lean implementation levels. Similar to pre-
vious research, the focus was made primarily on the work flows, with little mention of
the information flows. A different approach was used by Khalesi et al. [30], with a focus
on one important consequence of waste that is rework. The authors then identified and
categorized all the causes of rework to analyze how BIM technologies could benefit in
processing and predicting them. The causes are categorized into seven categories, but there
is no category for the production, exchange, and management of information.

There is clearly a gap in the literature regarding waste in the information flow in
construction. Indeed, a recent bibliometrics analysis of the literature on BIM revealed that
BIM research is mostly distributed in nine fields [31]. The notion of information flow is one
of them, but the notion of waste is not mentioned. Another bibliometric analysis revealed
that the research on BIM in structural engineering was directed towards information
systems and information management between 2013 and 2015, but this is no longer the
case [32]. The issue is that, with the implementation of new techniques such as Lean
construction or BIM, the amount of information generated in construction has drastically
increased and changed information flows. The use of BIM processes, practices, and tools
shows potential as information flow is central to BIM implementation.



Buildings 2021, 11, 291 4 of 16

2.2. BIM Dimensions

BIM plays a bigger and bigger role in construction with every passing day. A systemic
review pointed out the increase in adoption of digital technologies such as BIM in off-
site construction [33]. The study also indicated a great potential to implement these
technologies to improve the construction processes. However, these technologies also
mean an increase in the amount of information, and a need to improve information flows.
In their paper, Jung and Lee [34] illustrated the status of global BIM adoption from several
perspectives. Despite the limited data on hand, the authors managed to show that BIM
has been adopted worldwide, with the rate increasing steadily. The evolution of practices
and technologies has also contributed to this revolution, particularly with the arrival of
the different dimensions of BIM, also called nD modelling [35]. Today, there are five BIM
dimensions recognized in the construction industry, namely: BIM 3D (i.e., BEP and LOD),
BIM 4D (scheduling), BIM 5D (estimating), BIM 6D (sustainability) and BIM 7D (facility
management applications). Other dimensions exist, but are not included in the present
research as they are not officially recognized. Regarding information flow and the notion
of waste at the 3D level, Eastman et al. [36] dedicate an entire chapter to the exchange of
information between different actors without dealing with the concept of waste. The same
can be observed in more recent research projects, which provide procedures or guidelines
to improve information exchange through the BIM BEP [37,38] or to improve information
transfer through BIM LOD [39]. These two recent research studies are based on increasing
the level of standardization in BIM projects. The BEP is a report generated to implement
BIM on a project that provides formalized protocols respecting the production and exchange
of information and the identification of roles and responsibilities [18]. The LOD concept
takes the form of a matrix to provide protocols on the number of details injected into the
BIM model at any point in the project. It also enables actors to improve the reliability of the
models [40].

Regarding BIM 4D and 5D, both are implemented during the design and construc-
tion phases of the project, with the goal of ensuring better cost and scheduling controls.
Indeed, BIM 4D is a process that allows the planning, scheduling, and sequencing of the
construction phase. BIM 5D is the process of adding the cost to the components of the
information model. These dimensions can be distinguished from BIM 3D in that they are
presented as solutions to problems in information flows. In their research Umar et al. [41]
described the impact of BIM 4D on Integrated Project Delivery (IPD). According to the
authors, BIM 4D allows to enhance project planning and minimize resource waste, with an
improved coordination and final product quality and a time and cost reduction. Moreover,
Park et al. [42] presented a database-supported and web-based visualization method al-
lowing the improvement of information exchange of 4D BIM. Their goal was to improve
the communication and coordination among stakeholders while reducing information
delay and issues with consistency. The same observations can be made regarding the use
of BIM 5D in construction projects. Indeed, Vigneault et al. [43] developed an innova-
tive framework of 5D BIM solutions through a systematic review for construction cost
management.

Finally, for BIM 6D and BIM 7D, both dimensions are also implemented during the
design phase with the goal of ensuring that the construction operation and maintenance
phase proceeds smoothly. Indeed, BIM 6D is a set of simulation tools implemented to
accurately predict energy consumption requirements, thus ensuring sustainability and cost
efficiency. Farzaneh et al. [44] proposed a framework design to create a Building Energy
Model (BEM) embedded in the BIM model to be used in the design phase by professionals.
The framework would help implement the BIM 6D tools, in addition to providing more
information within the BIM models. BIM 7D is an approach designed to track and bring
together all information related to the facility management process within the BIM model.
Both BIM 6D and BIM 7D are used to optimize the operation and maintenance of a building
during its entire life. Tan et al. [45] identified information gaps during the transfer from the
construction to the operation and maintenance of the building. For example, the authors
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identified issues between as-built drawings and actual structures due to modifications
made in the designs, creating information gaps. Another gap identified was the lack of
availability of the relevant Operation and Maintenance manuals. Through a qualitative
research study, the authors proposed the development of an integrated knowledge sharing
model to tackle these gaps. As is observed with BIM 6D, this study provides a solution to
better implement BIM 7D in construction projects, but also requires the generation of more
information within the BIM model. While BIM 4D and 5D use information from the 3D
model to operate, BIM 6D and 7D add information to the 3D model to improve it. This is
why the focus of this paper is on the BIM 3D, 6D, and 7D dimensions.

2.3. Gaps in Knowledge

Numerous analyses of the literature indicate that BIM has a positive impact on in-
formation flow. BIM is a disruptive approach to information production and exchange,
in which a shared digital model is used for the creation of building drawings and visualiza-
tions. Moreover, BIM also significantly modifies all of the key processes used in a building
construction [46]. Furthermore, due to the disruptive approach, there is a lack of knowledge
regarding the design process in a BIM project, as it was pointed out by Saoud et al. [47],
where the authors developed a method to predict the impacts of change with building
information models. Their method provides one way of improving productivity, efficiency,
and quality in BIM construction projects.

However, the references studied during this review also identify gaps in knowledge
regarding the identification of sources of waste within information flow. Furthermore,
the current problem is that the identification of waste is based only on sources identified
from the study of work and material flows. Indeed, the sources identified by Ohno [21],
with the taxonomy of waste on the management of material flow in production, and the
sources identified by Howell, Koskela, Macomber, and Bodek [24], with the taxonomy
of waste on the management of work flow in construction project management, do not
take into account the sources of waste specific to the information flow. This is explained
by the fact that the data studied in both flows are inherently different. In the work flow,
the study of sources of waste is based on its activities, and it is its state of fulfillment that
predominates, whereas in the information flow, the study of waste is based on the utility
and/or value of the information. To respond to this gap, this paper proposes a taxonomy
of the sources of waste in the information flows of BIM processes. At this time, there is a
significant differential between what is known in theory regarding information flow waste
and what is observed in practice. This fact has been discussed in this literature review
with the identification of barriers and issues in BIM implementation made by several
studies. The taxonomy presented in this paper aims to provide professionals with sufficient
knowledge on how to identify issues in the information flows in all their future projects.

3. Methodology

The research design used in this research is based on a collaborative design science re-
search approach influenced by Simon’s arguments for the science of the artificial, where the
conclusion of the research would present as a new artefact or technological rules, providing
a framework on how a determined objective can be reached [48]. The collaborative compo-
nent provided a framework, allowing researchers to work closely with the professionals in
designing the artefact to contribute to the knowledge and solve practical issues at the same
time [49]. It is divided into two phases: firstly, semi-structured interviews to capture BIM
practices within the different specialties involved in a BIM project, and secondly, use of the
ShareLab approach to validate the sources of waste identified in the BIM information flows.

The first phase of the research took place with BIM consultants, one client, and pro-
fessionals from four different fields of the construction industry (architect, MEP engineer,
general contractor, and MEP contractor) and covered their BIM practices, the way they
share information, their use and understanding of a BIM execution plan (BEP) and the level
of development (LOD), and the issues they encounter with these tools in managing BIM
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information. This research was part of a larger study around the research theme of improv-
ing productivity in the construction industry through the optimization of the production,
exchange, and management of information. This allowed access to data from other research
studies conducted within the laboratory. First, raw data from semi-structured interviews
conducted as part of a research project covering the application of the BEP [50] was used
for the 3D BIM dimension. Second, data from a thesis based on developing a BIM–BEM
framework to support the design process [51] was used for the 6D BIM dimension. Finally,
the last portion of the data used for this research was obtained in part through five one-
and-a-half-hour-long semi-structured interviews and, on the other hand, using raw data
from semi-structured interviews realized in the context of a Master’s thesis focused on the
evaluation of a BIM model’s LOD [52]. Both data from other research and data collected
during this research were analyzed following the three stages (Figure 1) proposed by Miles
and Huberman [53].
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Figure 1. Stages of qualitative data analysis.

Stage 1—Data collection: In addition to data from other research, semi-structured
interviews were used to collect additional data at this stage of the research. Several fields
and dimensions were studied to obtain as complete a picture of the information flows in
the design and construction processes as possible, as shown in Table 1.

Table 1. Sources of data and data collection.

Stakeholders Roles Dimensions Studied Sources of Data

BIM consultant BIM Consultant

BEP
Semi-structured

interviews’ verbatims [50]

General Contractor BIM Manager
Engineering BIM Manager
Architecture BIM Manager

Client Client Representative

BIM Consultant BIM/BEM Consultant BIM/BEM 6D [51]

Architecture
Project Manager

BEP/LOD and Facility
Management

Semi-structured
interviews’ verbatims [52]

+
Semi-structured

interviews

Architect
Engineering Project Manager

General Contractor Project Manager
MEP Contractor Project/BIM Manager
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Stage 2—Data transformation: The goal here was to identify contradictions and
issues in information flows through the generation of visualization tools in the form of
process maps using BPMN notation. Three categories were used during the mapping
to aid in the analysis: (1) the source of the information (architects, engineers, general
contractors, MEP contractors, BIM consultant, or client); (2) the type of project delivery
modes discussed (Design Build or Design Bid Build), as the information flow varies from
one mode to another, potentially generating different sources of waste; and (3) the phase of
the project (design or construction phase). A process map was generated for each actor,
type, and phase of project, for a total of 16 maps. The maps show the work flow between
the different actors and the input and output of information for each activity for the design
and the construction phases.

Stage 3—Conclusions: The goal of this last stage was to analyze the interviews’ verba-
tims and the process maps created to identify similarities, differences, and issues between
the actors’ processes. This allowed the identification of sources, issues, and consequences
of waste in information flows.

For the second phase of the research, a ShareLab was used as a validation process for
the artefact created. This approach was devised by the LUCID laboratory. The ShareLab
cycle is composed of the following steps: build trust, establish common ground, define
shared items, and ensure synchronization [54]. The main interest of the ShareLab approach
in this context was to develop a consensus among involved professionals from various
fields of the construction industry.

This ShareLab was divided into three steps (Figure 2). A one-day workshop was
conducted, and included the first two steps. The visualization through process maps
prepared during the first step of the research was used to help build a common ground on
the understanding of the BIM information processing and potential sources of waste.
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Step 1—Create a common ground among participants: this step consisted of gathering
all the participants together to facilitate exchanges and discussions. A presentation of
the results, including the process maps generated during the first phase of the research,
was given. All the participants present during the workshop took part in the first phase of
the research, at one point or another. There was a total of 20 participants, with five architects,
five engineers, three general contractors, and seven MEP contractors. The presentation also
served as a reminder of the context, scope, and goal of the research. The context of this



Buildings 2021, 11, 291 8 of 16

research was to provide solutions to the need to improve productivity in the construction
industry. The scope was focused on one of the needs of the industry, namely, redefining the
design rules and methods by developing a framework to optimize the information flows
and reduce waste in the production of information. Given the gap identified during the
review of this paper and the context, the goal of the ShareLab workshop was to validate a
taxonomy of sources of waste, specific to the information flows of construction projects.
At the end of the presentation, the participants were given the opportunity to exchange
their respective opinions in order to identify similarities between their approaches for
managing BIM information, and a consensus was reached among all 20 participants on the
goal of the workshop.

Step 2—Develop a common vision: the goal of this step was to identify and define
the sources, issues, and consequences of waste. During the workshop, each source, issue,
and consequence of waste was validated by the participants. By the end, the sources were
ranked in order of importance through the participants’ votes. This two-hour workshop
brought together the same participants as the first session.

Step 3—Result Analysis: the goal of this step was to analyze the results and generate
a taxonomy of sources of waste in the information flows of construction projects.

These three steps of the ShareLab approach used during this research represent
a form of validation of the results. Indeed, according to constructive research theory,
a validation can be obtained through the approval and endorsement by professionals of
the recommendations and/or conclusions presented [55].

4. Results

The results are divided into two sections. The first section presents the data analy-
sis that allowed the identification of the sources of waste within the information flows.
The second section provides the validation of the analysis results with the creation of a
taxonomy, using the ShareLab approach.

4.1. Data Analysis

A qualitative data analysis process (first phase of the research) allowed us to create
an exhaustive list of waste sources in the information flows of design and construction
processes. Table 2 below presents the list of issues identified during the data analysis,
as well as the dimensions in which they were identified. These issues were identified
through an analysis of the interviews’ verbatims and of the process maps. The analyses also
confirmed what is present in the literature, as some of the issues identified are mentioned
in separate research works, such as issues with communication, lack of interoperability,
resistance to change [18], the lack of coordination [17], or contractual relationships and
unclear roles [56]. However, it is important to note that all the issues presented in Table 2
were identified in the data collected during this study, and are not derived from the
literature. From these issues, a list of sources was created to provide a concise taxonomy.
Some issues were regrouped into a single source of waste due to their strong link with one
another. For example, a definition can easily regroup the type of project and contract into
one source of waste. Finally, each source was placed in one of three categories of waste:
human, process, or technology. A definition of each source is given below.
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Table 2. Sources of waste identified in the information flows through data analysis.

LOD BEP 6D 7D Issues Identified (Data Analysis) Sources of Waste Category

X X X X Type of project Type of project and contract

Process

X X X X Type of contract

X X X Lack of communication

Lack of communication and
coordination

X X X Lack of coordination
X X Unclear role
X X Undefined responsibilities
X X X Semantics and language
X X Lack of collaboration

X X X X Lack of control quality processes Lack of control quality processes

X X X X Lack of standards
Lack of standardsX X Data presentation

X X X Organization

X X X X Limitation of tools
Limitation of tools TechnologyX X Lack of interoperability

X X X Technical issues (software)

X X X Lack of trust Lack of trust

Human
X X X X Resistance to change

Resistance to changeX X Blinder
X X Lack of motivation

X X X X Lack of competence Lack of competence and
knowledgeX X X X Lack of knowledge

A total of 21 issues were identified during the data analysis. In terms of their nature,
frequency, potential impact and/or link to others, the issues were grouped together within
one of the eight sources of waste shown in Table 2. Indeed, some, such as the lack of
communication and coordination, were complementary. Others described the same issue,
but with a different formulation. Examples include the limitation of the tools and a lack
of interoperability. Following the analysis and identification of the sources of waste,
a definition was formulated for each source.

Each of the sources was observed in one or more of the BIM dimensions studied during
the present research. The eight sources are divided into three categories, namely, (1) Human,
(2) Process, and (3) Technology. These three categories were based on the literature and
on the fact that, together, they represent the main parts of an organization [57]. These
categories help better understand the reasons and the impacts of each source of waste.
Furthermore, they are useful for professionals, as they narrow the identification of waste
within their own processes. All issues were grouped together during the first phase of the
research, and were part of the results presented during the ShareLab for validation.

The “Process” category groups together four sources of waste. First, the type of
project and contract has a major influence on waste during information processing. Indeed,
depending on the type of project (Design-Build, Design-Bid-Build, Integrated Project
Delivery, etc.), the nature of the contract signed will differ. In a Design-Bid-Build or
Design-Build project, there is fragmentation of contracts, and as each professional is linked
only with the client, as well as the general contractor, information sharing represents a
risk, which leads to rework. For example, the sub-contractor must redo the models as the
professionals do not want to provide them. Additionally, professionals will produce models
to generate 2D plans as this is the format that acts as a contract to document the work to
be done and, therefore, the model is not designed to be reused for construction. On the
other hand, in an IPD project, a general contract links all actors, thus generating a common
need and/or goal for the actors to gather around. The choice of project and contract
will influence communication, coordination, the work flow, and the processes. Second,
the lack of communication and coordination is, in part, linked to the previous source,
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as the contract type will greatly influence the relationship between the parties involved.
Moreover, the traditional silo working structure in the construction industry tends to limit
communication and coordination between the parties involved. Third, the lack of quality
control of the processes that can be explained by a lack of specific requirements regarding
the identification, definition, and communication of needs. Finally, the lack of standards is
linked to a lack of rigor and an absence of work rules. The second category, “Technology”,
is composed of only one source of waste, that is, tools limitation. Every year, BIM tools are
developed and improved with the goal of optimizing BIM implementation. However, there
are still problems of interoperability and a lack of maturity of BIM software. This results in
problems with information transfer.

Three sources of waste were associated with the last category, “Human”. First, lack of
trust between stakeholders of a same process or project can be explained by several reasons,
such as previous bad experiences, or new encounters for which trust needs to be built.
Second, resistance to change is linked to a fear of changing habits, of finding oneself in
an uncomfortable situation. It also leads to a significant lack of motivation, withdrawal,
and a loss of investment. Third, lack of competence and knowledge is in part linked to the
previous source, with a resistance to incorporating changes, but it can also be linked to a
lack of formation.

The issues identified are discussed in the next section, as they were used during the
ShareLab workshop in the waste taxonomy validation process. The section presents the
three stages of the ShareLab approach, as well as a discussion of the results obtained.

4.2. Validation of the Taxonomy through Sharelab Approach

The first step of the workshop allowed us to obtain a consensus on the goal of the
workshop among the participants following the presentation of the results and a period of
exchange regarding their respective opinions. The second step followed, with the same
20 participants. A presentation of the list of sources, issues, and consequences of waste
identified was given. A definition of each source was presented, along with a list of issues
and consequences (Figure 3).
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Figure 3 shows the links between the sources, issues, and consequences of waste in
the information flows. All the links presented in the figure were identified during the
analysis of the verbatims of the interviews and/or the process maps generated from the
interviews. Indeed, the figure is simply a representation of all the information given,
identified, or mentioned by the professional during the data collection stage. Each source
is not limited to just one issue; it can be observed that each source can be represented by
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several issues, and that each issue is not limited to one source. This figure shows that the
sources of waste identified are all interconnected. Of course, it is possible to reduce waste
by tackling one or several sources. Using the Pareto principle—where 20 percent of the
sources are responsible for 80 percent of the waste—and identifying and first tackling the
sources with the most impact would decrease the amount of work needed to reduce waste
within the information flows.

The last item of the workshop was to obtain a consensus among the participants on
the results presented. The use of a questionnaire allowed us to validate the eight sources of
waste and also ranked them in order of impact on a project according to the professional’s
experience (Figure 4). This ranking allows the use of the Pareto principle on the most
impactful sources of waste. In this questionnaire, an option was given to the participants to
provide additional sources they felt could be part of the taxonomy and how would they be
ranked. Four additional sources were proposed by all the participants: commitment from
management, motivation, excessive expectations, and too much confidence. However, after
further discussion regarding the ranking, there was a consensus that these four propositions
needed to be tackled before the start of a project, and could not be classified as sources of
waste within the information flows.
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This ranking provides vital information to the project and/or BIM manager when
working with BIM to identify and eliminate sources of waste from their information flows.
Indeed, the lack of time and/or resources does not always allow the project or BIM manager
to tackle each source of waste within a project. With this ranking, the focus can be put on
the most impactful sources of waste first. With more and more projects being carried out
focusing on reducing waste, the BIM manager will be better able to tackle the sources of
waste with a lower impact.

5. Discussion

Taxonomies have long been used for sources of waste in the production and construc-
tion industries. Tools, techniques, taxonomies, and approaches mostly focus on improving
work and material flows. This discussion carries out a comparison of the proposed tax-
onomy with the one developed by Dubler, Messner, and Anumba [11], which is adapted
from the manufacturing to the information exchange process in construction. Table 3 below
provides a list of the sources of waste for both taxonomies. A major difference between
the two is that the proposed taxonomy was developed specifically for the information
flows in construction projects, whereas the other was adapted from waste identified more
than 30 years ago for material flows in the manufacturing industry. Indeed, over the last
30 years, new tools, technologies, and approaches have been developed, and the amount of
information in projects has increased drastically.
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Table 3. Comparison of taxonomies.

Proposed Taxonomy of Sources of Waste in
the Information Flow Taxonomy Adapted from Ohno [11,21]

1. Type of project and contract 1. Overproduction
2. Lack of communication and coordination 2. Inventory
3. Lack of knowledge and skills 3. Extra processing steps
4. Resistance to change 4. Motion
5. Lack of standardization 5. Defects
6. Limitation of tools 6. Waiting
7. Lack of process’s quality control 7. Transportation
8. Lack of trust

In their adaptation, Dubler, Messner, and Anumba [11] adapted each source of waste
from the manufacturing industry to the information exchange process in construction.
Comparing each adapted source of waste with those from the proposed taxonomy of this
paper, it can be seen that the latter considers each of the adapted sources, and also provides
two new ones. The following paragraph provides the meaning of the adaptation for each
source of waste to the construction industry.

The overproduction source was transformed to producing more information than
required and doing revisions to the model after release. This source is linked to four out of
the eight sources of waste in the proposed taxonomy (1, 2, 5, and 7). The inventory source
was converted to an early delivery of information and using Push instead of Pull—also
meaning using what is provided. This source is linked to three out of the eight sources
of waste in the proposed taxonomy (1, 2, and 5). The extra processing steps source was
changed to generating a high level of details than necessary. This source is linked to four
out of the eight sources of waste in the proposed taxonomy (1, 2, 5, and 7). The motion
source was modified to not using a central location to share the model and transferring
more often than necessary. This source is linked to three out of the eight sources of waste
in the proposed taxonomy (1, 2, and 5). The defects source was adapted to providing
inaccurate or wrong information. This source is linked to three out of the eight sources
of waste in the proposed taxonomy (2, 5, and 7). The waiting source was converted to
waiting for the delivery of information. This source is linked to three out of the eight
sources of waste in the proposed taxonomy (1, 2, and 5). Finally, the transportation source
was adapted to issues in transfer of information, with an unsuitable format and version.
This source is linked to two out of the eight sources of waste in the proposed taxonomy
(5 and 6).

This research brings novelty to the field with the creation of this taxonomy, as there
was no existing taxonomy focusing on waste in the information flows. There is still a
limited understanding of the waste in the production and exchange of information in the
AEC industry, while the management of information has received much less attention than
the management of the work and material flows. In addition to the taxonomy proposed by
Dubler, Messner, and Anumba [11] and discussed in this section, Bajjou et al. [58] proposed,
more recently, an adaptation of the seven wastes from Ohno [21]. However, this attempt
does not focus on the information flows.

Regarding the solution aspect to the presence of waste in the information flows. There
are currently several potential solutions in the form of tools, approaches or techniques
that can be used to remove waste. However, a solution can only be implemented on an
identified issue. Indeed, a few studies can be found in the literature with propositions of
approaches to reduce waste in the information flows. Tribelsky and Sacks [59] proposed
to collect quantitative data on sources of waste to evaluate the quality of information
flows. However, qualitative data is absent in this proposition while it plays a major
role with information flows. Al Hattab and Hamzeh [60] compared traditional and BIM-
based information flows in design phases in an attempt to improve the information flow
in BIM processes, but only focused on one source of waste which was issues in sharing



Buildings 2021, 11, 291 13 of 16

information. Lastly, Dubler, Messner, and Anumba [11], as discussed in this section adapted
the seven wastes from production to construction to improve the information flows of
construction. However, their study did not consider the human dimension as a source
of waste. Each study found in the literature on the subject lacks a complete picture of
waste within the information flows. The proposed taxonomy is useful, as it provides a
description, identification, and classification of the sources of waste present within the
information flows, as well as a better understanding of these flows in construction projects.

6. Conclusions

The main contribution of this paper is the creation of a taxonomy of waste sources spe-
cific to information flows. The combination of data collected from several research studies
conducted in the GRIDD laboratory provided a large database, allowing a more complete
analysis. In addition, the perspectives of the different actors present in construction projects
was gathered, in addition to a study of several BIM dimensions. Another way the paper
contributes to knowledge is through its use of the ShareLab approach as a validation tool.
This approach provides a new way to validate an artefact in a Design Science Research
method. At the practical level, this paper’s main contribution is its provision of a defined
frame allowing professionals to identify sources of waste within the information flows
in construction projects. The use of this taxonomy is optimal when associated with a
visualization tool such as Value Stream Mapping or Process Mapping. This tool in turn
helps professionals reduce rework and work time, and financial and productivity losses.

The presence of waste in construction is a widespread issue which impacts all of
the actors and the phases in a construction project. Given the ever-growing importance
of information in construction, particularly in BIM projects, there is need for optimized
information flows to tackle the related waste issues. Extensive research has been conducted,
involving work and material flows in construction, with tools and approaches developed
to improve them. A taxonomy of seven sources of waste was created more than forty years
ago to tackle waste in the manufacturing industry. A few years ago, this was adapted
to tackle waste in the construction industry, with a total of 10 sources. However, these
taxonomies are not adapted to the waste found in the information flows.

The taxonomy developed in this research comprises a total of eight sources of waste.
Three of them are linked to the human element: (1) lack of trust, (2) resistance to change,
and (3) lack of knowledge and skill. Four sources are linked to the process: (4) type of
project and contract, (5) lack of communication and coordination, (6) lack of process’s
quality control, and (7) lack of standardization. Finally, one is linked to technology:
(8) limitation of tools. The use of a ShareLab approach allowed a validation of the findings
with the participation of 20 professionals from various backgrounds. Through exchanges
and discussions, the eight sources of waste identified were accepted via a consensus and
ranked in order of impact on BIM projects. This research also demonstrated that all sources
of waste are linked, and must be tackled as a whole.

The main conclusion that can be drawn after comparing both taxonomies in the
discussion section is that the proposed taxonomy provides a new category of waste that
was not considered in the previous one. Indeed, as mentioned in the results section,
three categories represent the main parts of an organization, namely, human, process,
and technology. However, as shown in the comparison presented, no waste source in the
existing taxonomy considers the human category. This can be explained by the fact that
the sources of waste were first identified in the manufacturing industry, where the human
category is less crucial than in the construction industry. Moreover, each source of the
proposed taxonomy provides more information than does the existing one, as each of them
covers more issues than the existing ones.

There are some limitations associated with this research. The data collected and
the results generated are all linked to the construction industry in the region of Quebec,
Canada. This means that the findings may be different in another country, due to different
practices. Moreover, the constant evolution of the AEC industry, and the new construction
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projects starting every day, can generate potential new data to expand this taxonomy as all
construction projects are different and can generate unique cases and new issues.

It has been demonstrated in several research studies that all flows in construction
projects are interrelated. In the future, research can be conducted to combine existing
taxonomies of waste from other flows with the one created here to help reduce global waste
in construction projects. Moreover, future research can focus on developing or identifying
solutions for each source of waste in this taxonomy.
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