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Abstract—This article presents the teaching approach of different 
universities in the state of Rio de Janeiro regarding the 
dissemination of two civil construction learning paradigms: BIM 
and Lean Construction. The article’s main purpose is to 
investigate the learning systems of the two techniques for the 
benefit of the construction industry, as well as to evaluate their 
level of recognition. The principal results show that civil 
engineers graduates acquire little or no knowledge of both 
techniques, which may become a barrier to their professional 
evolution and especially to their involvement with public works 
projects. 
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I. INTRODUCTION  

The Brazilian construction industry is known as the least 
technological, compared to industries in other segments, and 
deficient in the management of its ventures. The perception of 
a high level of production within the sector in recent years is 
not characterized by a high level of productivity. Although 
production and productivity are closely linked, a company, an 
economic sector, or a country, are said to be competitive if they 
produce efficiently, that is, they make the best use of available 
resources [1]. Increased production cost can be the result of 
increased costs of hiring of employees, materials, and 
equipment. In order to organize this discussion about 
productivity, authors in [2] reported seven points of leverage 
relevant to such objectives: planning project execution, 
management methods adoption, equipment, materials, 
constructive methods, project improvements and workforce 
qualification. The study revealed the urgent need for increased 
productivity in construction in Brazil. Thus, companies need to 
adopt a comprehensive productivity-enhancing program with 
multiple coordinated initiatives. All relations addressed toward 
improving productivity point to the improvement of efficiency 
in the construction sector by means of using new technologies, 
new construction processes, specialized labor, materials, 
manpower and equipment coordination. In order to bring 
construction to a satisfactory level of efficiency and 
productivity, new paradigms in civil construction are presented, 
such as Building Information Modeling (BIM) and Lean 
Construction philosophy. These two approaches are shown as 
the grand proposal to improve efficiency in the construction 

industry. However, for this to happen, it is necessary to 
evaluate how much is known about these techniques, the 
recognition of their benefits, and what type of dissemination 
strategy is being used within a context such as universities, 
whose main objective is to train professionals working in the 
construction sector, such as civil engineers.  

The objective of this research is to investigate the extent to 
which universities in the state of Rio de Janeiro support the 
dissemination of BIM and Lean Construction. 

II. THEORETICAL BACKGROUND 

A. BIM (Building Information Modeling) 

BIM technology presents itself as a solution with great 
potential for the construction industry, since it enables the 
sharing of a digital model that is common to all those involved 
in its process, in a consistent way, and that can handle the 
whole life cycle of the construction project [3]. Most recent 
works present many definitions to describe BIM. The most 
recognized one, is BIM as a product or intelligent digital 
representation of a set of structured data that define a building 
[4]. Another one is BIM as a collaborative process that 
represents a business structure for work and communication 
based on the use of open standards of information sharing, 
which improves quality and efficiency in projects [3]. One 
more definition presents BIM as a facility management tool 
throughout the enterprise lifecycle, providing a reliable, 
verifiable, transparent and sustainable information base which 
teams use in the operation of the facility throughout its entire 
life cycle [5]. BIM brings numerous benefits to the construction 
industry, such as significant productivity improvements, 
projects that are more efficient, faster production and details, 
improved support for automating and reducing errors due to 
internal coordination [6]. When adopted with full awareness of 
its potentialities, BIM enables the integration of the design and 
construction process, resulting in better quality works, lower 
costs and shorter project execution time [7]. 

B. Lean Construction 

With the publication of [8] began the transfer and 
adaptations of concepts and principles from the Toyota 
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Production System into the construction industry [9-11]. The 
study challenges construction professionals to break their 
management paradigms and adapt techniques and tools 
successfully developed in the TPS [12]. Production is defined 
as a flow of materials and/or information from raw material to 
finished product [8]. Lean Construction emphasizes the 
importance of production process flow, based on three 
concepts. 

 The transformation of input into output, in which 
production management equalizes the total decomposition 
of transformation into elementary transformations by task, 
seeking minimum cost and maximum efficiency [14]. 

 The activities of waiting, inspection and movement to the 
next stage, in which production management seeks to 
reduce this variability in the production flow [14]. 

  The fulfillment of customer needs, in which production 
management seeks to translate customer needs into product 
or service [14].  

Lean Construction is defined by a set of interconnected 
principles that should be applied in an integrated way in the 
management of processes to obtain the expected results [8]. 
These principles are basically: reduce the share of activities 
that do not add value, increase product value by considering 
costumer needs, reduce process variability, reduce cycle time, 
simplify by reducing the number of steps or parts, increase 
output flexibility, increase process transparency, focus control 
on overall process, introduce continuous process improvement, 
maintain balance between improvements in flows and 
conversions, and finally benchmarking [8]. The Lean concept 
is one of the most successful philosophies for production 
systems such as construction, as it depicts, through its tools, 
ways of controlling waste and anticipating uncertainties [15]. 

C. Universities and Engineering Education. 

Universities' main function is to train professionals. 
National curricular guidelines for engineering programs include 
a generalist, humanistic, critical and reflexive education, 
capable of absorbing and developing new technologies, 
stimulating their critical and creative role in identifying and 
solving problems [16, 17]. With a complete higher education, 
the engineer is a professional who develops his/her activity in a 
technology area, whose responsibility is to produce technology 
and to operate the industrial processes generating goods for 
society, from the available scientific production systems [18]. 
However, constant updates and radical changes may be 
required in order for courses to follow the vast changes in the 
industry and economy [19]. Four major challenges to 
engineering programs are presented by several authors:  

 the challenge to change teachers' and students' perception 
that the degree program is merely business training, 
denying the validity of basic subjects and humanistic 
conception for the academic training of the engineer [18, 
19] 

 the challenge of adding flexibility to engineering programs, 
since their technological aspect has been advancing with 
increasing rate [19] 

 the challenge of the acquisition of an interdisciplinary 
technological curriculum, aimed at the integration of 
theoretical and empirical knowledge such as project courses 
that make use of established methods and technology whilst 
introducing groundbreaking tools (BIM software, for 
instance) that will improve production, quality and cost. 
That is necessary in order to avoid performing activities 
without a systemic direction and teaching subjects without 
connection, with repeated and autonomous content.  

 the challenge of the determination of a pedagogical line for 
this curriculum, defined and assimilated by the entire 
community involved in a participatory, democratic and 
conscious process, with autonomy to define and approve 
parameters and regulations inherent to the curricular 
process. 

III. RESEARCH METODOLOGY 

This research is presented as exploratory, where the 
objective is to carry out a survey of relevant information on the 
topics addressed. The case study focused on assessing, through 
a questionnaire sent to public universities (state and federal), 
questions regarding the degree of knowledge, recognition and 
actions for the dissemination of concepts, techniques and tools 
of BIM and Lean Construction. Questionnaires were prepared, 
tested and sent individually to 6 universities in the state of Rio 
de Janeiro that offer bachelor degrees in civil engineering. The 
sampling plan was classified as non-probabilistic and the 
questionnaire was sent to the entire sample. The sample size 
was stablished by considering the universe (Metropolitan area 
of Rio de Janeiro and adjacencies) thereby granting a 
population of approximately 560 professors of Civil 
Engineering and Architecture. The obtained sample size was a 
total of 89 respondents. In the exploratory analysis of 
qualitative data, the usual measure is mode, and thus the results 
are represented by bar graphs or circular diagrams [11]. 

IV. CASE STUDY 

A. General Aspects 

The research focuses on public universities (state and 
federal) located in the metropolitan area of Rio de Janeiro and 
adjacencies that had Civil Engineer and Architecture courses. 
There are 6 institutions inside the considered area and they 
were all included in the research.  The capital of the state of 
Rio de Janeiro has significant importance within the national 
and international level. It is the second largest metropolis in 
Brazil, and one of the main economic, cultural and financial 
centers, and representing the country's second largest gross 
domestic product contributor (GDP). The study was conducted 
between April and November 2016, and return rates were 
83.3% for the BIM survey and 66.0% for the Lean 
Construction survey in a sample field of 6 educational 
institutions. For reasons of confidentiality, interviewees and 
institution names will not be disclosed.  

Items addressed in the first stage of surveying interviewee 
and institutional profiles are summarized below:  
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 Respondent posts: 100% undergraduate course 
professors in Civil Engineering. 

 Time in position: 100% above 5 years. 

 Educational Degree: 100% PhDs. 

B. Results Obtained Through the Lean Construction 
Research. 

Results are shown in Figures 1-5 and further discussion 
follows. Figure 1 shows how the statement by the universities 
was divided on the issue of whether content about the Lean 
Construction philosophy is actually taught. The chart shows 
unanimity in the outcome of the issue, as all 4 universities 
agree that Lean Construction is taught at the universities of Rio 
de Janeiro state. This question did not seek however to measure 
how much of this content is taught, which is seen in Figure 2. 
The result demonstrates that such content involving concepts, 
techniques and tools is taught at low to very low, within the 
civil engineering program. Figure 3 demonstrates the 
assessment as to the proof of the effectiveness level of Lean 
techniques and tools for the benefit of civil construction. 
Respondent insights indicate them to range from mid to high. 
The result shows an understanding by portions of the 
respondents, ranging from high to very high, of the 
philosophy's relevance to current and future Civil Engineers in 
the construction industry context.  

 

 
Fig. 1.  Result obtained on declaration of teaching Lean Construction at the 
Universities 

 

 
Fig. 2.  Result obtained on the level of teaching of Lean Construction at 
the Universities 

Figure 5 demonstrates the results about what types of 
disciplines the Lean Construction philosophy content would fit 
better, in the opinion of academics. The result shows that there 
is a division among respondents about the kind of program 
where Lean content could be presented. Among their 

responses, 50% indicated it as an optional course subject in the 
civil engineering program, and the other 50% as an optional 
course subject in all engineering programs. There was no 
indication for Lean Construction concepts in compulsory 
courses. This question was aimed at analyzing, in another way, 
the level of importance of the Lean Construction Philosophy 
for the academics. Figure 4 demonstrates the importance of 
Lean Construction for the current and future Civil Engineer as 
perceived by the university. An evaluation of the importance of 
disseminating the concepts of the philosophy to professionals 
was sought.  

 

 
Fig. 3.  Result obtained on the proof of efficacy level of Lean Construction 
philosophy at the Universities 

 

 
Fig. 4.  Result obtained on the importance of Lean Construction for the 
Engineering profession 

 

 
Fig. 5.  Result obtained on identifying the type of material for Lean 
Construction at the Universities 

C. Results Obtained Through the BIM (Building Information 
Modeling)Rresearch. 

Figure 6 shows how the statement of the universities was 
divided on the issue of whether content about the BIM 
philosophy is taught at the universities. The graph shows 
unanimity in the question's result. All 5 respondent universities 
stated that BIM is taught at the universities in Rio de Janeiro. 
This question did not seek to measure how much of this content 
is taught, which can be seen in Figure 7 which shows that BIM-
related content involving concepts, principles, techniques and 
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tools are taught at very low levels. Figure 8 demonstrates the 
perception by the university of the importance of BIM. The aim 
was to evaluate the perceived importance of disseminating 
concepts of the philosophy among professionals. The graph 
shows that most participants declare that it is very important to 
disseminate BIM concepts, techniques and tools to civil 
engineering professionals. Figure 9 illustrates the percentage 
distribution of benefits associated with the implementation of 
BIM from the respondent’s perspective. Integrated 
collaboration of all involved parties in the project is perceived 
as the main benefit that BIM can promote for civil construction 
projects, with a 69% indication, followed by the possibility of 
use throughout the life cycle of a project, with a 14% 
indication. In a manner similar to that for the benefits of BIM, 
respondents were asked to point out the following barriers to 
the dissemination of BIM. Figure 10 illustrates the percentage 
distribution associated with the main constraints associated 
with BIM implementation from the respondent’s perspective. 
According to the respondents, the lack of technical knowledge 
on the part of the teachers represents the greatest obstacle in the 
implementation of BIM at the universities, followed by the 
impossibility of teaching BIM content in the current 
curriculum. 

 
Fig. 6.  Result obtained from the declaration on teaching BIM at the 
Universities  

 

 
Fig. 7.  Results obtained on BIM teaching level at the Universities 

 

 
Fig. 8.  Result obtained on the importance of BIM for the Civil 
Engineering professional. 

 
Fig. 9.  Percentage representation associated with the main benefits 
coming from BIM implementation as perceived by respondents. 

 

 
Fig. 10.  Percentage representation associated with the main obstacles for 
BIM implementation, as perceived by respondents. 

V. CONCLUSIONS 

Building Information Modeling and Lean Construction are 
two rather promising approaches aiming to improve efficiency 
in the construction industry. Thus, incorporating their teaching 
in civil engineering courses is rather important for both 
industry and academia. The present paper focuses at 
universities located Rio de Janeiro and their aspects on these 
two techniques. Results show that although both aspects are 
known and their value is recognized, the level of the content 
taught is evaluated as low to very low. This is attributed to the 
relatively low technical knowledge of the teaching staff and to 
the high investment costs required.  
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