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Abstract. This paper applies a methodology for interdisciplinary Facilities Management (FM) by alingment between Build-
ing Information Modeling (BIM) and Lean. Initially, the literature review of BIM, FM and Lean principles. Afterwards, the
research applies the Digital Obeya Room for improved FM and describes its application on a real-world case study. Lastly,
the work presents a survey with specialists to assess the relevance of each BIM-Lean concepts and correlate their percep-
tions with the empirical results. The main collaborations of this work are: a conceptual framework that relates the PDCA
(Plan-Do-Check-Act) cycle with BIM-Lean approaches; the identification of the most relevant BIM functionalies and Lean
principles; and the real-world application of the framework procedures on FM.

Keywords: Building Information Modeling, facility management, interdisciplinary management, Lean Thinking, Plan-Do-

Check-Act.

Notations

BIM - Building Information Modeling.

AECO - Architecture, Engineering, Construction and
Operation.

NIST - National Institute of Standards and Technology.
PDCA - Plan, Do, Check and Act.

FM - Facility Management.

Introduction

One of the main problems faced by the manufacturing
sector nowadays is managing several resources in an
interdisciplinary and integrated way. Several studies in
production planning and control have been carried out
on Lean Thinking (Khadem et al. 2008; Romero, Martin
2011; Chong et al. 2013; Serrano 2016) in order to de-
crease waste and lead time, improve productivity and ef-
ficiency, and add value to operations. Construction has a
dispersed management method. This sector has the ne-
cessity to adapt processes and procedures aiming a more
integrated approach to harmonize technology and people
toward strategic goals. According to Sacks et al. (2010),

Lean Thinking, as well as Building Information Modeling
(BIM), has the potential to remarkably change Architec-
ture, Engineering, Construction and Operation (AECO).
Within the last twenty years, both methodologies became
innate attributes of the project in engineering processes,
aiming to improve documentation quality as well as pre-
dictability (Wang et al. 2013; Yang, Ergan 2016; Ivson et al.
2018).

Construction projects have a very iterative and change-
able structure, leading to constant design changes. Their
composition and formation are not constant or fixed; they
are continuously changing. Modifications are not restrict-
ed to design phases, they can happen after the construc-
tion starts, especially regarding fast-track projects. There-
fore, management changes are fundamental for efficient
accomplishment of construction projects. Given that, BIM
is a powerful tool to support an integrated lifecycle man-
agement, from the design phase to operation, based on a
smoother coordination process (Pilehchian et al. 2015).
BIM has impact on short term - driving productivity
and quality toward higher levels — and encourage bigger
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changes in processes related to management, as it provides
tools to coordinate a substantial amount of information, a
main principle of Lean Production (Womack, Jones 2003;
Nascimento et al. 2018).

According to GCR NIST (2004) by the National Insti-
tute of Standards and Technology (NIST), an U.S. Depart-
ment of Commerce laboratory, states that losses in the oil
and gas industry are associated with failures in the inte-
gration of engineering tools. Problems related to interoper-
ability in information flows and systems structures caused
a US$ 15.8 billion dollars a year debt. Dave et al. (2015)
claims that to encourage unification among processes, tech-
nologies and people, synergies between Lean methodology
and BIM are mandatory. Summarizing, Lean Thinking is a
methodology that aims reductions towards enhancement:
fewer equipment, space, staff and human efforts to achieve
better results related to the real needs of the clients. As a re-
sult, more efficient processes leads to less waste, generating
better customer values (Comm, Mathaisel 2006).

Lean Thinking and BIM, according to Sacks et al.
(2010), are nonrelated initiatives and, in the current stage
of both, probably, professional and companies are still
in the beginning of the learning curve in each approach.
Meanwhile, if their synergy is properly understood, both
methodologies can be explored in favor of improving en-
gineering and AEC processes. Otherwise, Arayici et al.
(2011) states that implementation of BIM in companies
still faces challenges. The main reasons to stall larger adop-
tion is lack of orientation or practical studies to support
users and drive improvements in knowledge regarding
BIM. Consequently, it reduces improvements in produc-
tivity, efficiency and quality.

The three objectives of this article are: (1) define both
concepts — BIM and Lean; (2) analyze interrelationships
between them; and (3) apply an innovative model called
the Digital Obeya Room (Nascimento et al. 2018) for fa-
cility management. The synergies of BIM and Lean meth-
odology underpin the model aiming continuous improve-
ment. An empirical study was conducted to evaluate the
methodology in real-world maintenance planning of in-
dustrial plant facility. In addition, to analyze perceptions
of professionals and academics, a survey was applied on
non-probabilistic sample with representative Brazilian
workers, specialists in BIM-Lean approaches. This paper
demonstrates effectiveness in pursuance of linking the gap
between engineering management, safety of information
and communication employing Lean approach and BIM
technologies together, with the goal of promoting an inter-
disciplinary knowledge of collaborative management.

1. Research methodology

This paper is based on an exploratory approach, aiming to
bring up significant information of Building Information
Modeling tools and Lean principles regarding implemen-
tation in construction projects, in order to identify the
applicability level of visual management in PDCA cycle.
In addition, it can be classified as descriptive due to the

aim to disclose a manner to present information, show-
ing its reflexes on related environments. To consolidate
the methodology, a case study method using the Digital
Obeya Room was completed, including its application in a
real project and comparison and discussion of this analy-
sis with the results of a survey applied to specialists in
order to assess the relevance of each BIM-Lean principles
for facility management. The research study applied a tri-
angulated methodology with qualitative and quantitative
data collection mechanisms. The data was gathered using
three methodologies:
1) Literature review on the related works of BIM-Lean
approaches, through an intuitive and inductive way;
2) Empirical investigation is carried out in an industrial
plant facility to evaluate the BIM methodologies and
technologies for the preventive maintenance plan-
ning and control; and
3) Application of a survey questionnaire with managers,
researches and BIM specialists to assess the relevance
of each of the BIM-Lean principles for the construc-
tion industry.

It may be observed that the research counts on multiple
sources of information and iteration with the constructs
developed from the literature, which enables further con-
structive validity (Eisenhardt 1989). To Miguel (2005), the
use of multiple sources allow for the support of the con-
structs, propositions and hypotheses, in other words, the
technical use of triangulation helps in the iteration and
convergence between various sources of evidence. The
empirical study was considered acceptable as the data are
gathered from diverse procedures, avoiding the subjectiv-
ity of the researcher and guaranteeing the quality of the re-
sults (Yin 2005); and increasing the precision of empirical
research (Runeson, Host 2009).

2. Literature background

The bibliographic review conceptualizes the meaning and
current scenario of Lean Thinking principles and BIM
functionalities. In addition, we evaluate work related in
the literature that identified synergies between BIM and
Lean Thinking, seeking continuous and incremental im-
provement of engineering processes. The following section
describes the concept and functionality of BIM.

2.1. Principles of Building Information Modeling

Eastman et al. (2008) is the main guide for BIM within
the industry. According to the book, Building Information
Modeling is not only a three-dimensional representation
of a building but a denomination to a modern approach
regarding building design and its management. The
method encompass techniques, procedures and tools sup-
ported by a full digital, computer-readable documentation
about a construction during every stage of its lifecycle:
project, design, construction and operation. Summariz-
ing, BIM does not describe the model itself, but a new
methodology for develop and management of a building.
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The three-dimensional representation is referred as ‘build-
ing information model;, or solely ‘model’ as above.

Building Information Modeling is one of the most
promising improvements related to automation and mech-
anization within the Architecture, Engineering and Con-
struction industry. This technology enclose functions to
ease a more cooperative design and concept of a building,
detecting physical conflicts between objects and enabling
a simultaneous authoring by numerous domain experts
(Kreider et al. 2010). Therefore, the technology has the
potential to be an improvement for project management
concerning process and procedures. This development can
be a solid underpin for application of Lean principles in a
very effective approach (Bryde et al. 2013).

Arayici et al. (2011) stated that the adoption of BIM
should follow a bottom-up approach instead of a top-
down one. Most importantly, people shall be involved in
every step of the implementation to ensure development
of skills, acceptance of changes and, foremost, the under-
standing about the continuous improvement strategies.
The author states that the implementation of BIM follow
a seven-pillar strategy: to reduce waste to the minimum,
if possible, none; to increase feedback; to evaluate deci-
sions toward a full agreement; to fasten delivery; to build
on integrity; to enhance knowledge of the team and have
a broader perspective aiming the “big picture”. Diversely,
Eastman et al. (2008) and Sacks et al. (2010) recommend
that for BIM to achieve its full potential, i.e. provide col-
lection, alteration, evaluation and report of information
related to building projects, some procedures have to be
inherent. The BIM functionalities (see Figure 6) presented
by Eastman et al. (2008) and Sacks et al. (2010) should be
evaluated in relation to the engineering systems required
to support technologies, and also to the BIM maturity level
of skills (knowledge, skills and attitudes). These features
require a Lean methodology for production management
regarding sustainable development.

2.2. BIM applications for facility management

According to a study by the NIST, 85% of the lifecycle cost
from facility occurs after commsioning (GCR NIST 2004).
Operations and maintenance phases are responsible for
$10 billion in losses due to time-consuming information
access and poor management practices. Despite this, BIM
applications in facility management (FM) are still rare.
A survey with professionals from different organizations
found that only 42% of users employed it during opera-
tions and maintenance phases (Becerik-Gerber, Rice 2010;
Becerik-Gerber et al. 2012). According to the study, FM
applications best supported by 3D CAD include: locating
building components, facilitating real-time data access,
visualization and marketing, checking maintainability, and
space management.

Research by Patacas et al. (2015) investigated how BIM
data standards could deliver asset information required
by facility managers within a whole life cycle perspective.
Results indicated many data requirements which were
not satisfied by current industry standards and suggested

best practices for smoother transition between design/
construction phases and the facility management phase.
Later work by Thabet and Lucas (2017) documented the
real world challenges of adopting BIM for facility manage-
ment. The pilot study highlighted the need for improve-
ments in current management practices and traditional
operational processes. Around the same time, Pishdad-
Bozorgi (2017) called attention to the inefficiencies in cur-
rent BIM solutions to meet facility management needs and
requirements.

More recent research by Jang and Lee (2018) explored
the impact of three organizational factors in BIM-based
team coordination: number of participants, their hetero-
geneity, and the highest decision-maker involved. The
coordination time linearly increased as each factor in-
creased. The findings stressed the significance of integra-
tion between BIM and Lean approaches, such as Obeya
(big room), to expedite decision-making processes and
eventually to reduce the coordination time. Meanwhile,
Wetzel et al. (2018) investigated the potential benefits of
BIM for safety during facility management. The study pro-
posed a Safety for Facilities Maintenance Framework that
improved team communication and provided faster access
to safety-critical information to FM personnel.

2.3. Principles of Lean Thinking

The Japanese developed Lean principles after the World War IL
Its main principles are Just-in-Time flow, i.e. condition pro-
duction to demand; and Jidoka automation, i.e. a disengage-
ment of man and machine allowing a single operator to con-
duct a group of machines (Aziz, Hafes 2013). According to
Villarreal et al. (2012) the Lean Production (LP) is based on
a philosophy of continuous improvement, where the search
for the source and the reduction of waste is fundamental.
The author defines seven forms of waste, activities that add
cost but no value: production of goods not yet ordered;
waiting; rectification of mistakes; excess processing; excess
movement; excess transport; and excess stock.

Lean production was adapted to other industries. The
principles of reducing waste and increase productivity and
efficiency still the main goals of the methodology despite
the industry (Aziz, Hafes 2013). The adaptation for the con-
struction industry was done by Koskela (1992), introducing
a new model of production management, wherein can be
conceptualized in three complementary ways: (1) Trans-
formation, (2) Flow, and (3) Value generation (TFV). As
the author states, eleven principles can summarize Lean
Thinking (LT). Later, Sacks et al. (2010) incremented
four more principles. It is possible to perceive some syn-
ergies between BIM functionalities and Lean principles.
Throughout the next section we evaluate related works
that identified connections within the two methodologies.

2.4. Synergies between BIM and Lean for facility
management

Summarizing, Lean construction can be classified as a
methodology to enhance project management while BIM
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is an approach regarding information administration
(Sacks et al. 2010). As mentioned above, BIM supports
a more collaborative development and share of infor-
mation among stakeholders. Therefore, Olatunji (2011)
states that BIM can be associated with Lean approaches
to a more efficient project management. Even though BIM
and Lean Construction have not dependable or intercon-
nected principles, some standards are affiliated beyond
their contemporary approach (Sacks et al. 2010). Dave
et al. (2015) described the synergic potential of the men-
tioned methodologies throughout the entire lifecycle of a
construction project.

However, a simultaneous implementation on the cur-
rent construction practices can strongly lead to misunder-
standings and mistakes related to valuation of their contri-
butions and improves on efficiency and productivity. The
synergies were only analyzed during implementations of
single designs lacking any systematic exploration strategy.
In addition, there is no technology to integrate the princi-
ples and assure the synergies. Hosseini et al. (2018) states
that to augment facility management (FM) performance
towards business growth and prosperity it is crucial to
convert a building in-use data and information into tangi-
ble business knowledge. However, as pointed by Carbon-
ari et al. (2018), the uptake of BIM regarding FM still face
several challenges such as lack of knowledge, compatibility
among software, indefinition on ownership of data, infor-
mation reliability and a missing technique to include exist-
ing building, which lead to the usage of BIM restricted to
managers who work with new buildings.

In this context, Lean principles can be applied to the
FM to identify the value and non-value added activities
in the process (Sharma et al. 2007). Lean can improve
the FM process by identifying actual value creation pro-
cess between the input and output and providing tools for
managing the value creation, but the leaner value creation

practices need to be aligned with the new way of thinking
in order to remove the waste activities of the facility man-
agement (Jylhd, Junnila 2013). Therefore, Lean principles
and BIM functionalities can be combined to provide tools
for managing the value creation challenges, supporting
and improving the FM service process.

3. The Digital Obeya Room

Obeya is the word in Japanese for “large room”. The first
use related to management was by a Toyota executive aim-
ing a better coordination of a complex engineering initia-
tive. To ease understanding of other workers’ opinions and
facilitate its access, A3 sheets were hung up on the wall
of a meeting room where each one had to write down a
description of their point of view (Liker 2004; Morgan,
Liker 2006).

As other Lean practices, the Obeya room have proved
to be very successful in enhancing collaboration during
management processes. It helps reach decisions in a more
efficient and faster way (Shabazi, Javadi 2012), supports
a meaningful reduce in waste (Terenghi et al. 2014), and
help reduce organizational barriers (Oosterwal 2010). Par-
ticipants can easily reach concerns and worries of other
workers and reach a deeper awareness regarding prob-
lems. Therefore, a faster agreement is reached employing
digital systems, a contemporary adaptation of the Obeya
room was developed. Underpinned by the continuous
improvement motto and based on the context of visual
management, Digital Obeya Room targets to enhance ef-
ficiency and productivity regarding interdisciplinary pro-
ject management (Terenghi et al. 2014). Diverse engineer-
ing systems were combined aiming a more unified access
to information generated in several sources (as identi-
fied by the green boxes on Figure 1). The information is
loaded to an integrated relational database and linked to

Materials lists

Labor

Additional resources
Procedures

Deadlines

m Work packages
Dependencies PLAN 1 DO

Resources e
Priorities
Costs

Design
Materials
Equipment

Fronts ACT

Oportunities

Digital Obeya Room Execution
ﬁ Y ‘ using BIM » . Control
Metrics and
results

Supply
Production

Quality
Security
Environment

Physical and financial progress

Problems and difficulties
Key performance indicators

Figure 1. Framework for integration of Lean Thinking to BIM in the PDCA of the nD visual management
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* Balancing opportunities (design, materials, equipment,
work fronts), and priorities (deadlines, dependencies,

Plan

resources, costs) with the goal of promoting a pulled

production system of the value chain.

* Controlling task
Do production, quality, health, safety and environment

Check %'

execution considering  supply,

* Analyzing results and metrics relative to: physical-
financial
difficulties and problems

advances, key performance indicators,

» Analyzing impacts on schedule, while updating and

Act refimng priorities. The goal here is to select the best
opportunities based on the relationship between expected
versus actual results

Figure 2. Standard operational procedure of Digital Obeya Room

multidimensional visualization within the PDCA method-
ology. The workflow (see Figure 2) aiming continuous im-
provement and validation of the procedures is described.

Three-dimensional visualization simulates work plans
and contingencies in a visual and cooperative approach
throughout every PDCA step. Actions regarding PDCA
reports can be taken by stakeholders supported by 3D
models. These models are an efficient approach to man-
age tasks on every continuous improvement step. Figure 3
illustrates decision processes that occur inside the Digital
Obeya Room.

" To define clear ™
7 and visual goals
according to the

integrated o
@ engn;e;(ein;)l% data /. To verify
g To share ; . lizati /" availability and
; essential __visualizations optimal
‘ planning quantities of
\ information with materials and
\ the construction people for
companies appropriate
/' Digital resources
o ( Obeya
- § \ Room
To enable Te
information O SNCoOTIAge
integration and useful feedback
democratization ngdllff?:nt
for better St the d9 S
\_ interdisciplinary /- Wi " lt\fer_se
\ / To analyse points of view

syner
y, 7gy - constructability,
confirming the
best assembly
sequencing

Figure 3. Guidelines in the Digital Obeya Room model

Summarizing, this framework gives the opportunity to
control available resources by physical areas and to con-
duct work and material flows. Constructability analysis
are enhanced by the visualization system and, therefore,
can determine and validate work packages. Consequent-
ly, supply management are better guided in verification of
storage availability and logistics, minimizing unnecessary
material movements and aiming a FIFO (first-in, first-out)
approach. Related to this context, Lean mizusumashi tech-
nique can be applied to stablish better routines for mate-
rial management so that workforce can focus on assembly
tasks.

4. Empirical study

The goal of this investigation was to improve maintenance
processes in a scheduled stop, in a shale process plant. By
applying the proposed methodology, it was possible to in-
crease the effectiveness in communication among the pro-
ject participant teams. The Digital Obeya Room provided
a general overview of scheduled tasks, and contributed to
reducing risks and increasing cooperation between teams.
The consequences included less rework and decreased
lead-time to perform tasks. Initially, data were collected
from all items that required repair or replacement. This set
of information was performed with the aid of the nD visu-
alization system using computers at the shop floor. This
provided an easy and practical interface to insert pending
items and to have a visual control task executed through
color-coding. An example of visualization is demonstrat-



586 D. L. de M. Nascimento et al. Facility Management Using Digital Obeya Room by integrating...

Figure 4. Collaboration between project and construction with nD viewer

ed in Figure 4, where the precise location of maintenance
tasks can be identified in the 3D environment.

In this study, 16 meetings were held, containing 2 plan-
ning engineers, 1 operation supervisor, 2 maintenance
engineers, and 1 Kaizen coordinator (leader of the pro-
duction planning and control) for the sake of mapping
pendencies, planning activities, and monitoring the main-
tenance stop of an industrial plant to refine the oil from the
shale. The meetings happened inside the company, and the
first 10 meetings were held in the morning of July 2016, ac-
cording to the participants’ availability, prior to the main-
tenance stop. After mapping the pendencies, determining
the scope, and establishing the visual management in the
Obeya Room, there were 4 sessions every Friday at 15 pm
to evaluate the weekly productivity and to plan the mainte-
nance activities of next week with the utilization of the 3D
model. At the end of the project was conducted a brain-
storm meeting, called lessons learned on management of
knowledge workshop, to evaluate the BIM-Lean approach-
es on the maintenance management and determine the
ones that were most beneficial during the process.

The increased communication and collaboration be-
tween expert teams improved the effectiveness of item
procurement and just-in-time delivery of goods. These
activities followed the concept of mizusumashi, to mobi-
lize teams to execute the maintenance tasks. These ben-
efits were also established in related works (Eastman et al.
2008; Sacks et al. 2010; Nascimento et al. 2017, 2018; Cai-
ado et al. 2018). Moreover, in this empirical study can be
noticed the application of some BIM-Lean approaches, as
B6, B1, L8, and L15. At this point, it was possible to real-
ize that the use of collaborative visual management gener-
ated greater synergy among employees to identify disputes
or problems in the operation of the plant. These problems

have been stored and updated on the corporate network;
creating ease of information to plan future preventive
maintenance shutdowns. With the definition of the work
packages within a more appropriate sequencing of main-
tenance, it was possible to carry out this task with greater
assertiveness between what was planned and done.

5. Survey with industry professionals

Next, a survey was fullfill to measure the implications of
BIM-Lean approaches, according to the perception of pro-
fessionals that working in the oil and gas sector. Survey
design was informed by discussion with a research spe-
cialist and a preliminary review of the literature. A pilot
survey questionnaire was answered by four professionals,
two collaborators who were knowledge on BIM concepts,
including a manager involved in the case study and an
engineer from a construction company. Thus, the revised
questionnaire offers a better refinement of the questions,
ensuring that experts, professionals and academics would
have no difficulty in answering the questions. In order to
organize the questionnaire in a logical sequence and to
better understand the subject studied, the questionnaire
is divided into two areas. The first area determines the
demographic details of the specialists, such as gender, age,
education degree and years of experience with BIM. The
second area focussed on analyze the degree of relevance of
each BIM-Lean principle. All responses on the relevance
of guidelines items were recorded using a five point Likert
scale (1 - “very applicable” to 5 - “very applicable”).

An electronic questionnaire is developed for data
collection in “Google forms” (https://docs.google.com/
forms). The length of time to answer the questionnaire
was about 15 minutes. In November 2016, the web-based
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surveys were distributed via email to twenty managers Table 1. Characteristics of study respondents
currently active in the construction industry, eighteen re-
searchers and twenty-six BIM operators/experts. There- Number Percentage
fore, the intended population of this study consists of 64 Sex
p.rf)fesswnals who are users of BIM .technologles ar%d prac- Male 24 75%
titioners of Lean techniquesSampling for convenience is \
done (Sekaran, Bougie 2010), since this study aims to in- Female 8 25%
vestigate the most applicable variables (Calder et al. 1981). Age group
The period of application of the research was approximate- 18-30 16 50%
ly five months, ending in March, 2017. 31-50 12 37%
A total of 41 questionnaires were collected and after
. . . > 50 4 13%
the manual screened check of the data, ignoring those with .
incomplete questions, this resulted in 32 valid question- Education degree
naires. According to Hines and Montgomery (1990) and Undergraduate 3 9%
Sureeyatanapas et al. (2015) in small populations, a ques- Graduate 7 22%
tionnaire with a sample of at least 30 respondents allows a Postgraduate 6 19%
acceptable descriptive statistic. Descriptive statistics were
. . . Master 9 28%
used, including frequencies, percentages and mode, to de-
scribe sample characteristics analyzed. Table 1 details the Doctor 7 22%
respondents’ profile. Years of experience
The professionals interviewed are predominantly man- None 4 12%
1 V) 1 V)
agers, accounting for 41% of the ‘Fote.ll. Follf)W1ng. by 38% of Less than a year 3 8%
BIM operators/experts. The majority of interviewees are o b .
between 18 and 30 years old (50%), and 40% of respond- ne to three years 4 12%
ents have more than ten years of experience. In addition, Four to six years 6 20%
around 50% of interviewees have at least a master’s degree, Seven to ten years 3 8%
which shows a high level of maturity and academic for- More than ten years 13 40%
mation. Thus, the sample was considered adequate for the )
.. . Job/Function
research. Then, from the empirical study carried out, the
0
principles of BIM and Lean were rated in agreement with Manager 13 1%
the perceptions of the specialists of the survey. We used Researcher 7 22%
descriptive statistics, including frequencies and percent- BIM operator/expert 12 38%
ages, to present the results. As shown in Figures 5 and 6,
L9
L8
7
L6
L5
L4
13
L2
L16
L1s
L14
113
L12
11
L10 H Mean
L1
5o usD
B8
87
B6
85
B4
B3
B2
B1
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Bl [B2[B3[B4[B5|B6|B7 B8 |BY| L1[L10[L11[L12[L13[L14[L15[L16[ L2 [B[ 4[5 L6 | L7 [ L8[ L9
'mMean (368| 4 | 4 |4.16/3.48/4.04/4.08/3.96| 3.8 | 4 |3.16/2.92|3.64/3.96|3.563.64|3.56| 3.4 |3.28|348|4.04|4.32|4.24|4.16 | 4.04
'msD  [128]1.32|1.26]1.18|1.42(124|122] 1.4 [129]1.22] 1.4 | 15 [1.321.49]133|125]1.33|1.19]1.02| 1.23| 1.34| 1.07| 1.42| 1.14| 127

Figure 5. Descriptive results of most relevant BIM functionalities and Lean principles
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B1—3D visualization

(for aesthetics and functional assessment)
B2—Rapid generation
of multiple design
alternatives

B3—Usage of model

data for predictive analysis
B4—Information maintenance
and model integrity

B5—Automatic generation
of documents and drawings

BIM

B6—Collaboration in the design
and construction

B7—Rapid assessment and generation
of alternative construction plans

B8—Online/electronic object-based
communication
B9—Automatic transference of
information to support computer-
controlled manufacturing

Lean

L1—Variability reduction
L2—Decrease of number of cycles
L3—Reduction of sample size
L4—Flexibility increase
L5—Selection of an appropriate
method of production control
L6—Standardization
L7—Institution continuous improvement

L8—Visual management use
L9—Production system design

for value chain flow
L10—Ensure comprehensive requirements capture

L11—Focus on the concept selection
L12—Guarantee operating flow requirements
L13—Verification and validation

L14—Go and see for yourself (Gemba)
L15—Decision by consensus, considering all option
L16—Cultivation of an extensive network of partners

Figure 6. BIM functionalities and Lean principles. Source: adapted from Sacks et al. (2010)

BIM functionalities and Lean principles were ordered ac-
cording to a measurement of position, the median. Hence,
there is comparison between empirical analysis and the
survey results in order to verify which BIM-Lean principle
is more relevant for construction projects.

Figures 5 and 6 demonstrate the results from ques-
tionnaire. This figure indicates which principles of Lean
principles (L1 to L16) and BIM functionalities (B1 to B9)
are the most relevant to be used in the proposed frame-
work to achieving Kaizen. The professionals perceived the
practice of visual management as a significant contributor
to lowering the barriers of time, cost, quality, scope, and
safety. Besides that, the Figure 5 indicates that principles
and functionalities as L6, L7, L8, B4, B7, L5, L9 and B6,
have stood out as fundamental to achieving continuous
and incremental improvement of engineering processes in
the expert’s view. Above all, in order to evaluate the vari-

Affective Commitment to Change
Management Support

Team Leader Experience

Functional Heterogeneity of the Team

Team Autonomy

Internal Process

Easy for Achieving Improvement Goals

Routine Work Area - Stability of Push-Pull Flow

Kaizen's Experience

0.00 1.00

ables that influence the attitude of the people to the Digital
Obeya Room, the importance attributed to each of them is
presented in Figure 7.

It is noted that affective commitment to change and
management support have stood out, however, routine
work area and kaizen’s experience have shown themselves
to be indifferent as influencers in people’s attitude. In ad-
dition, the ability of a Kaizen team should be evaluated.
As the purpose of the Digital Obeya Room is to establish
a continuous and incremental improvement process, the
variables that influence its capacity are evaluated in Fig-
ure 8.

It can be noticed that team autonomy and team lead-
er experience stood out as influencers for the increase
of the Kaizen capacity of a team. However, routine work
area, functional heterogeneity of the team and difficult of
achieving goals were highlighted as less influential. It is

4.40

4.10

2.50 E===a Cumulative Frequency
2.40 E=== Importance

----- Linear (Cumulative Frequency)

2.00 3.00 4.00 5.00

Figure 7. Most relevant attitudes of peoples to achieve Kaizen
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Figure 8. Most relevant capacity of team to achieve Kaizen

worth noting that for the implementation of the proposed
model, the variables presented in Figures 6 and 7 should
be monitored.

Conclusions and future work

This study helps both academics and practitioners de-
cide which management strategy better suit their needs,
guiding theirs actions related to prioritizing principles
and describe synergies between Lean and BIM in order
to enhance scheduling procedures, reduce waste, improve
quality, define a precise scope for a project, avoid errors,
motivate participants and promote a management effort
that is supported by clear communication and shared in-
formation in the construction sector. The results of the
analysis proved to be fundamental for the management
and decision-making regarding the planning and control
of maintenance in construction projects. With regards to
the empirical study, the applied lean principles and BIM
functionalities B6, B1, L8 and L15. On the other hand,
the survey indicated that the four most relevant principles
were L6, L7, L8 and B4. Therefore, despite these principles
were perceived as main points for the continuous improve-
ment of construction projects, the visual management was
pointed out as the key principle for the proposed model
because the multidimensional data visualization was the
common environment for the interdisciplinary manage-
ment through the PDCA cycle.

Also, our findings provide a better picture to under-
stand the critical lean and BIM principles and these anal-
yses serves the benchmarking for future operations and
strategies of construction projects. This paper contributes
from a practical approach to the performability around
maintenence planning, making the schedule more adher-
ent to actual achievement timetables and improving col-

laboration among stakeholders. Encouraging the use of
Lean and BIM principles, it was possible to level resources
better based on a pull production system and reduce re-
work and waste throughout construction.

From an academic perspective, this paper has seeks
counter-measures to eliminate the gap in the literature by
employing simultaneously lean principles and BIM func-
tionalities for promote an interdisciplinary knowledge
of collaborative management, and the conceptual model
proposed contributes to the literature, since it can guide
academics and researchers demonstrating ways in which
they can use the proposed framework with the help of BIM
models for an effective project control and continuous and
incremental improvement of engineering processes. As a
sequence to this work, aside from the possibility of count-
ing on a survey with a larger sample composed by more
experts and applying the Digital Obeya Room model in
other circumstances, we suggest the attribution of differ-
ent relevance to professional according to degree of expe-
rience of current job position to obtain a more accurate
perception analysis.
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