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1  INTRODUCTION

Undergraduate programs face the challenge of staying up-to-date by respond-
ing to globalization, internationalization, and regionalization processes, as these
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determine multinational quality standards [1]. Competency-based curricula are the
foundation of higher education programs since they prepare future professionals to
build knowledge while adapting to the permanent cycle of contextual changes [2].
Therefore, they enhance lifelong learning (L), the process throughout life to address
every individual’s learning needs [3]. Competency-based curricula prepare students
to practice a dynamic combination of knowledge, skills, attitudes, and values, allow-
ing them to face the emerging challenges of their professional environment [4].
Furthermore, they actively contribute to achieving the 17 Sustainable Development
Goals (SDGs) [5].

In the context of engineering programs, curricula should be aligned with the
requirements of the Architecture, Engineering, Construction, and Operation (AECO)
industry. Thus, they should introduce new technologies, workflows, and methodol-
ogies that the Fourth Industrial Revolution, or Industry 4.0, has brought [6], consid-
ering the multidisciplinary nature and variety of stakeholders participating in the
projects. Traditional construction methods do not provide this work environment,
as AECO project organizations are fragmented into subgroups, including owners,
designers, and contractors, who may work as independent entities [7].

An example is Building Information Modelling (BIM), which implies processes
supported by shared digital representations of built assets that facilitate design,
construction, and operation based on reliable data for decision-making [8]. BIM
utilizes graphic and non-graphic information to create, manage, and operate
digital representations [9]. Due to the collaborative processes involved in this meth-
odology, BIM has been embraced for project management by the AECO industry
since the mid-2000s, enabling the improvement of construction efficiency [10].
Moreover, its application is expanding as it helps in organizing interdependencies
among stakeholders in design, construction, operation, and maintenance processes.
Governments endorse this growing trend, as the methodology has become essential
in public projects [11]. Consequently, the demand for AECO professionals with BIM-
related competencies has surged significantly.

A BIM professional is expected to conceive, design, project, plan, develop,
analyze, coordinate, integrate, and manage multidisciplinary projects within the
AECO industry. BIM provides an advantageous environment for developing both
generic and specific competencies required within this industry [3]. A BIM profes-
sional should be trained not only in organizing and prioritizing tasks and using
programming languages, but also in generic competencies such as leadership,
innovation, and mentoring [12]. Similarly, critical and systematic thinking, which
enable the deployment of the aforementioned competencies in both collaborative
and individual work environments, are also essential. Therefore, teamwork, effec-
tive communication, and other generic competencies are enhanced [13] since BIM is
a collaborative methodology involving the coordination of project stakeholders [14].
Furthermore, BIM also supports the development of problem-resolution competen-
cies, which are applied within the context of a project and, consequently, allow the
development of work plans considering the contributions of peers [15].

BIM also promotes the use of Information and Communication Technologies (ICT),
software, and Common Data Environment (CDE) management because it relies on
these tools to integrate a project’s information based on technical knowledge. Project
management is also enhanced since the application of technical, contractual, eco-
nomic, and financial concepts is necessary for project development. Furthermore,
design, coordination, and planning are also emphasized. As a result, BIM can effec-
tively be integrated through a competency-based curriculum [3]. This assertion is
reinforced by the increasing adoption of BIM within the AECO industry, which has
led to its incorporation in higher education programs [16].
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BIM has evolved, integrating different dimensions into its methodology. Beginning
with the primary spatial dimensions (width, height, and depth) in 3D BIM models,
a fourth dimension was quickly added, incorporating the variable “time,” which
refers to the planning or scheduling of a project, as a dimension in 4D BIM models.
Later, a fifth dimension, corresponding to the variable “cost,” was added, resulting in
5D BIM models. After that, six and seven dimensions were included, which answer
the “sustainability” and “facility management” variables, respectively. The products
are 6D and 7D BIM models [17].

Nevertheless, BIM adoption in undergraduate programs has primarily focused on
software operations and skill applications [18]. In essence, the changes implemented
involve transitioning from pedagogical tools in 2D design to 3D visualization. This shift
is attributed to the potential of 3D BIM models in comprehending areas such as design
fundamentals, building technology, programming, and modeling concepts [19, 20].
Students initially learn the fundamentals of 3D BIM models to develop the necessary
skills and grasp the concepts essential for understanding the advanced dimensions of
BIM [12]. Consequently, without comprehensive implementation, students may not
effectively acquire BIM-related knowledge and skills in a progressive manner [21].

However, the BIM adoption should also integrate from the 4D to the 7D to
support the development and reinforcement of generic competencies, such as
communication and teamwork, that are put into practice when different project
stakeholders work in collaboration to coordinate inputs and improve the quality of
the delivered project [19]. Hence, higher education plans should fully integrate these
BIM dimensions throughout the curriculum [22, 23]. Additionally, civil engineering
students have reported expecting to work in management positions in AECO
industry companies, where various technical and soft skills, or specific and generic
competencies, are required, such as leadership and people management [24].

In a parallel scenario, within civil engineering programs, traditionally, training in
the construction field has been one of the main components worldwide [25]. This train-
ing involves preparing students for the planning, management, and implementation of
construction projects, and it introduces them to the processes and techniques used in
the AECO industry. It also includes training in preventing labor risks, cost management,
construction equipment and machinery, project evaluation, and personnel selection
and management [26]. Furthermore, construction field topics, such as construction
materials, concrete design, steel design, construction systems’ design and planning,
scheduling, and cost estimating, are of deep interest among civil engineering students
since they consider them an important part of their learning experience [27, 28].

Thus, it is necessary to include training in the construction field throughout the
curriculum to meet the requirements of the AECO industry and keep students moti-
vated during their formative years. The approach to traditional construction concepts
should promote critical and systematic thinking so that students can identify future
opportunities for improvement [14]. In this regard, BIM offers a suitable framework
as it enhances the quality of projects while fostering a collaborative problem-solving
environment [3]. Moreover, students exhibit a positive attitude towards learning
BIM, which can further strengthen their motivation to learn [29].

To this day, studies have reported BIM-related experiences developed along the
undergraduate curriculum. However, these studies are primarily focused on differ-
ent types of BIM implementations: on individual subjects, collaborative subjects, final
projects, or to complement the subject’s content [30]. In each scenario, BIM is partially
integrated throughout the undergraduate curriculum. Consequently, there is still a
gap in the literature that needs to be explored to comprehend the transversal imple-
mentation of BIM throughout an undergraduate civil engineering curriculum and
the necessary assessment methods to ensure the effectiveness of this process. In this
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context, a methodology for incorporating BIM into an undergraduate civil engineer-
ing program has been established within the framework of a competency-based cur-
riculum [3]. This methodology has been successfully executed at a Peruvian higher
education institution. The current study delves into how this implementation has
been executed within the construction knowledge domain, which is crucial in the civil
engineering training process. The primary outcome of this study is a functional meth-
odology that can be replicated in other undergraduate civil engineering programs.

1.1 Goals and research question

Thisstudydescribesthemethodology forintegrating BIM-related competenciesinto
the construction area of an undergraduate civil engineering program. Additionally,
it investigates students’ perceptions of the subjects in this area, and their impact on
developing and strengthening these competencies to assess the effectiveness of the
methodology. The study addresses the following research questions:

e How can BIM-related competencies be developed and consolidated within the
construction area through an undergraduate civil engineering program?

e What are students’ perceptions of the construction area’s teaching-learning
methodology and its impact on developing and reinforcing BIM-related
competencies?

The present study uses the Gradual Implementation Research Competencies
(GIRC) Program as a conceptual framework. This GIRC Program allows students to
develop and reinforce research competencies gradually and across disciplines [4].
It also builds upon the research conducted by [3], which outlines a methodology and
a proposal to integrate BIM throughout an undergraduate competency-based civil
engineering curriculum. This study specifically concentrates on implementing this
proposal within the construction area. The paper is structured into the following
sections: conceptual framework, methods, results and discussion, and conclusions.

2  CONCEPTUAL FRAMEWORK

The following section addresses the relationship between the construction
area and the two main topics developed throughout the present study: BIM and
competencies.

2.1 Construction area and BIM

BIM has been adopted within the construction industry in different countries,
with more emphasis in the last two decades [31]. Some of the benefits of its imple-
mentation for infrastructure projects include visualization of the entire construction
process, coordination between different disciplines to avoid interference issues, sim-
ulation of the project’s and construction’s activities, and the generation of non-graph-
ical information such as budgets, schedules, and energy or structural analysis [32].
Among these benefits, detecting errors and incompatibilities between specialties is a
major advantage, leading to significant savings in construction costs [33]. One of the
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biggest challenges within AECO projects is interoperability between specialties [34].
A study conducted in the United States by the National Institute of Standards and
Technology (NIST) found that the cost of interoperability problems between systems
can reach $15 trillion annually [35].

Despite these advantages, establishing BIM in the construction industry has not
been easy since it requires time and training [33]. However, with the launch of BIM
policies and regulations regarding the presentation of AECO projects, such as ISO
19650, BIM adoption policies have been established by countries such as Singapore,
Finland, Korea, the USA, the UK, Australia [36], Brazil, Chile, and Peru. These adoption
policies have raised the need to develop projects using BIM efficiently. According
to [37], experiences have shown that, although project teams try to integrate BIM,
the learning curve is very steep because of the following challenges: time and cost
needed for hiring or training people in BIM; protection for ownership and manage-
ment of data; legal or contract issues; cost of hardware and software; compatibility
issues between software; and a lack of businesses’ desire to adopt BIM [38].

While there are challenges in adopting BIM for AECO projects, the construction
industry is persistently developing strategies to implement it into this methodology.
Due to the increasing demand for BIM in the industry, integration into the civil
engineering curriculum is essential. This integration will enable students to
enhance their competitiveness in their future professional endeavors. Moreover,
incorporating BIM into civil engineering courses helps students grasp the various
processes and stages of an AECO project, such as modeling, visualization, design,
construction, operation, and information exchange [39].

BIM can also lead to more hands-on experiences that may benefit students as they
enter the workforce [40]. Using real cases helps them comprehend the limitations of
current processes within the field and seek solutions within the classroom environ-
ment [41]. Moreover, students believe that receiving BIM training enables them to
develop a more substantial acquisition process of generic competencies essential for
training competent professionals in the AECO industry [3].

Furthermore, [42] found that existing educational studies primarily concentrated
on construction-related topics, such as visual and interactive displays. This indi-
cates that construction subjects hold significant potential for incorporating BIM, as
the associated tools offer a digital and interactive platform that enhances students’
comprehension. Moreover, AECO companies anticipate that graduates pursuing
construction-related professions possess knowledge of BIM tools and procedures,
particularly in constructability areas, underscoring the critical necessity of educating
students in this approach.

In the undergraduate civil engineering program to which this study belongs,
Computer-Aided Design (CAD) and BIM software are utilized to teach design and
construction processes. Real projects serve as case studies. BIM enhances the didactic
nature of the class, making it easier for students to learn about construction elements
and develop generic competencies [43]. The study of BIM methodology is advanced
through BIM application projects, providing students with opportunities to explore
cutting-edge technologies and methodologies in the AECO industry.

2.2 Construction area and competencies

A competency-based training approach is a proposal that begins with mean-
ingful learning and is also focused on comprehensive human development [44].
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Competencies should be directed towards the specific subjects of a discipline and
their practical applications in the professional field [45]. Therefore, training processes
should include the development of generic competencies to produce competent
professionals for the AECO industry [46, 47].

[3] determined eight competencies, both generic and specific, to be trained within
an undergraduate civil engineering BIM curriculum. These competencies include:
ethics and leadership; teamwork; research; innovation; design, coordination, and
planning; ICT, software, and technologies; project management; and engineering
knowledge. Some of these competencies are developed within the construction
area of the current study. Table 1 demonstrates how the construction area aims to
enhance and reinforce the following generic and specific competencies: teamwork,
research, innovation, design, coordination, and planning; ICT; software; technology;
and engineering knowledge.

Table 1. Proposal of development of generic and specific competencies in the construction area

Generic Competency Specific Competency
= *
£,% &
5 g =2 = E w4
. T2 E g £ EE 2B 3 £5
emester S@ S = Sllag |2 S 33
4 g £ 8= g § g%
2% E @ B S= £.2 i
2% 2 & E C= 88 T P&
Re = = bfo g oF g A
3 = S
= &
11 Graphical Engineering X X X X
v Building Information X X X X X
Modelling I
\Y Building Information X X X X X X
Modelling II
Construction Technology [ X X X X X X
Environmental Engineering X X X X X
VI Construction Technology II X X X X X X
Sanitary Engineering X X X X X X
VII Electromechanical X X X X X X
Engineering
X Sustainable Infrastructures X X X X

Notes: *Ethics and leadership, as well as project management, are integral aspects of the civil engineer-
ing program. Although they also involve BIM, their application mainly relates to their specific domains
within other areas of civil engineering. Therefore, since they are not directly focused on the construc-
tion area, this paper will not explore them further.

3  METHODS

The following section details the context in which this research was con-
ducted. It also explains the design, participants, and data collection and analysis
techniques.
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3.1 Context

The study was conducted within the construction area of an undergraduate
civil engineering program at a private Peruvian higher education institution. The
proposal involved designing, implementing, and assessing a methodology with six
mechanisms to ensure the transversal development and reinforcement of BIM-
related generic and specific competencies [4] according to the specific curricular
design proposed by the program to which this study belongs. The mechanisms
mentioned above include: (1) BIM implementation into topics and syllabi; (2) use of
collaborative platforms for class activities; (3) professor training programs; (4) estab-
lishment of student organizations; (5) development of a BIM application project; and
(6) area and subject meetings.

Furthermore, to assess the success of the implemented mechanisms, a validation
process was conducted using data concerning the key stakeholders of the program,
including freshmen, graduates, students, and professors. A survey was carried out to
investigate students’ perceptions of the construction area subjects and their impact
on the development and enhancement of BIM-related competencies.

3.2 Design and participants

This study adopts a descriptive scope as its aim is to establish and elucidate a
methodology with specific mechanisms to integrate BIM across the construction area
in an undergraduate civil engineering curriculum. Therefore, in terms of design, this
study is classified as action research as it involves demonstrating and assessing the
feasibility of a proposed idea within a particular context. The research and interven-
tion were conducted concurrently to generate and apply knowledge simultaneously
[48]. The outcome of this study is the proposal of a methodology.

The study includes 1041 undergraduate civil engineering students from a
Peruvian private higher education institution. These students are divided into ten
levels based on their curriculum semesters. This group has experienced the adop-
tion of the methodology described above.

As for the sample related to the surveys, it consists of 59 students who have suc-
cessfully completed all subjects in the construction area. Therefore, non-probability
sampling was utilized, specifically judgment sampling, as the sample was intention-
ally selected based on the established technical criteria [49]. At a 95% confidence
level, this corresponds to a margin of error of 12.40%.

3.3 Data collection and analysis

Documental analysis was carried out to describe the mechanisms designed,
implemented, and assessed to develop and consolidate BIM-related competencies
within the construction area of an undergraduate civil engineering program.

Other cases where BIM has been applied in subjects related to civil engineering,
architecture, or similar fields were analyzed. The syllabi were compared with the
requirements of the AECO industry and students’ preferences. Additionally, studies
related to BIM application within the AECO industry and professional development
were consulted, as presented in Table 2.
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Table 2. Literature review regarding BIM implementation in curricula worldwide

Country Author Entity BIM Implementation
Malaysia [50], [51] Universiti Teknologi Mara Slow implementation of BIM in the syllabus.
Romania [52] Brasov University No strategy for BIM implementation in the syllabus.
Self-taught education.
Nigeria (53] Lagos University No BIM implementation in universities. One has an
introduct .
Federal University of Technology Hitrocuetory course
South Korea [54] University A, University B and Basic BIM courses.
University C
Costa Rica [55] Instituto Tecnoldgico de Costa Rica Not many BIM professionals.
Croatia [56] Universidad de Zagrev Plans to adopt BIM in superior education.
Slovakia Universidad de KoSice
Chile [57] 53% of Chilean universities Slow implementation of BIM in the syllabus. Focused on
technical skills.
Peru [58] Universidad de Lima Transversal integration of BIM in the syllabus.
[59] Universidad Catélica del Peru BIM elective subject
[60] Universidad Peruana de One mandatory BIM subject.
Ciencias Aplicadas
[61] Universidad Tecnoldgica del Pera One mandatory BIM subject and BIM certifications.
As for students’ perceptions about the teaching-learning methodology within the
construction area and their relationship with the development and reinforcement of
BIM-related competencies, a survey using a 5-point Likert scale was proposed. It com-
prised 23 closed questions, with values ranging from 1, ‘strongly disagree,’ to 5, ‘strongly
agree.” These questions were organized into two (2) sections: Subject Design, which
consisted of ten (10) questions, and Teaching-Learning Methodology, which comprised
thirteen (13) questions. Table 3 displays the questions developed for each section.
Table 3. Survey questions for each section
Section No Question
Subject Design 1 | The contents of the course are up-to-date and useful for your professional training.
2 | The application of BIM methodology has contributed to developing your teamwork capacity.
3 | The BIM software used allowed me to understand the discipline-specific concepts.
4 | The collaborative cloud platform allowed the coordinated information handling through an online environment.
5 | The collaborative cloud platform was easily accessible.
6 | The collaborative cloud platform helped develop the deliverables for the project.
7 | The university provided different supports (licenses, software, hooks) that allowed me to fulfill the development of

my project.

8 | Project-based learning methodology supported by digital tools helped me to understand theoretical concepts in a

practical way.

9 | The hours allocated to the course were appropriate.

10 | Project-based learning methodology would be beneficial for other topics within the civil engineering curriculum.
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Table 3. Survey questions for each section (Continued)

No Question
1 | It helped develop the Ethics and leadership competency.
2 | It helped develop the Teamwork competency.
3 | Ithelped develop the Research competency.
4 | It helped develop the Innovation competency.
5 | It helped develop the Design, coordination and planning competency.
6 | Ithelped develop the Information and Communication Technologies, software and technology competency.
7 | It helped develop the Project management competency.
8 | It helped develop the Engineering knowledge competency.
9 | It motivated me to learn.
10 | It motivated me to prepare myself before classes so that I could participate in their development.
11 | It motivated me to work as a team.
12 | It motivated me to meet the learning objectives of the topic.
13 | It motivated me to apply the obtained theoretical knowledge in practice.

iJEP | Vol. 14 No. 6 (2024)

For the survey application, students were organized into three groups based on
the main knowledge fields of the construction area: BIM, construction technology,
and installations in infrastructure. Informed consent was obtained from all par-
ticipants prior to the survey being conducted. The survey was administered using
Google Forms.

Finally, the acquired information was appropriately coded for data processing
using Microsoft Excel, as recommended by the literature. The values and evidence
documented were saved for analysis and evaluation [62]. The data allowed for the
exploration of students’ perceptions towards the subjects while pinpointing oppor-
tunities for enhancing the teaching-learning methodology, with a focus on the imple-
mentation of BIM.

4  RESULTS AND DISCUSSION

The following text is organized into two sections. The first section describes the
methodology, which consists of six mechanisms designed and implemented within
the construction area to properly integrate BIM throughout the curriculum. Each
mechanism is developed in a subsection. The second section focuses on the valida-
tion and assessment of the applied mechanisms.

4.1 Mechanisms

BIM implementation into topics and syllabi: BIM implementation aligns with
the interrelationship matrix and the corresponding proficiency levels established
by [4], which were matched with the general topics covered within the construction
area in this study, as illustrated in Table 4 and recommended by [45]. These top-
ics encompass Graphical Engineering, Building Information Modelling I, Building
Information Modelling II, Construction Technology I, Construction Technology II,
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Environmental Engineering, Sanitary Engineering, Electromechanical Engineering,
and Sustainable Infrastructure.

Further engineering topics such as project management, structures, surveying,
geotechnics,andhydraulics,amongothers,werenotincludedbecausetheyare covered
in other specialized areas within the undergraduate civil engineering program.

Table 4. Interrelationship matrix with proficiency levels between topics and generic and specific competencies from the construction area

Generic Competency
Semester

Ethics and Leadership Teamwork Research Innovation

11 Graphical Engineering p p
vV Building Information Modelling I R R
\Y Building Information Modelling IT R B p
Construction Technology I R B p
Environmental Engineering R B p
VI Construction Technology II B B R
Sanitary Engineering B B R
VII Electromechanical Engineering B A B
X Sustainable Infrastructures S S
Specific Competency
Semester Design, Coordination ICT, Project Engineering Knowledge
and Planning Software and Management
Technology
11 Graphical Engineering P p
v Building Information Modelling I R R p
\Y Building Information Modelling II R R R
Construction Technology R R R
Environmental Engineering R R
VI Construction Technology II B B B
Sanitary Engineering B B B
VII Electromechanical Engineering A B B
X Sustainable Infrastructures S S

*Notes: P = Pre-formal, R = Receptive, B = Basic, A = Autonomous, S = Strategic.

Regarding the generic competencies, teamwork was developed between semes-
ters IITand VII. Students are expected to use BIM software and collaborative platforms
in the form of cloud-based solutions managed by the AECO industry, enabling stu-
dents to work in collaborative environments. The research competency is developed
across the curriculum until reaching the strategic level in semester X [4], involving
the completion of practical tasks [63], in which research methodologies are encour-
aged to explore current construction issues associated with the application of BIM.
The development of this competency is also supported by the use of collaborative
platforms, which facilitate the sharing of novel information among students. From
semester V to X, the innovation competency is trained through activities that involve
implementing, applying, and designing new technologies.
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When it comes to specific competencies, design, coordination, and plan-
ning are enhanced through various BIM software that aid in teaching and
learning discipline-specific contentlike design, budgets, and schedules. This teaching-
learning process is intertwined with ICT, software, and technology competency,
which is also trained from semesters III to VII. Additionally, starting from semester
IV, the development of engineering knowledge competency commences as students
begin to identify structural elements at a pre-formal level, progressing to under-
standing the economic, social, and environmental aspects of efficient infrastructure
at a strategic level, which is achieved by semester X.

After the matrix above was established, the syllabi were adapted, considering the
BIM topics and related software that needed to be included. This process took the
BIM dimensions as a reference: 3D, 4D, 5D, and 6D [17]. As the students’ progress
within the construction area, they learn about the different BIM dimensions that are
aligned tothe differentstagesofa construction project: geometric construction of projects
for the 3D dimension, schedule management for the 4D dimension, cost management
for the 5D dimension, and sustainability analysis and building performance for the 6D
dimension. The 5D initiates within the construction area but is further complemented
with cost-related subjects, such as construction project management.

The information models developed within the construction area topics are later
used in the topics of other areas of the civil engineering program, fostering collabo-
ration throughout the curriculum, as suggested by [16]. Table 5 presents the topics
where BIM has been implemented within the construction area and the correspond-
ing software used. It also illustrates the interrelationship between the topics and
BIM dimensions, along with a proposal for BIM software and platform:s.

Table 5. Interrelationship matrix between topics BIM dimensions with a BIM software and platform proposal

BIM Software and Platforms

Semester BIM Dimension Revit
. Revit Structure Revit MEP Civil3D Navisworks BIM 360
Architecture
11 Graphical Engineering 3D X
IV Building Information 3D X X
Modelling T
\ Building Information 3D/4D/5D X X X
Modelling IT
Construction 3D/4D X X X X
Technology I
Environmental 6D X X X
Engineering
VI Construction 3D/4D/5D X X X X X
Technology II
Sanitary Engineering 3D
VII Electromechanical 3D
Engineering
X Sustainable 6D X X X
Infrastructures

Later, the main contents regarding each topic were determined following the pro-
posed BIM dimensions, as shown in Table 6. The construction area uses BIM 3D, a
valuable tool for teaching and learning about construction elements and processes
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through models and information. Additionally, it is supported by BIM 4D, which
enables the understanding of the planning and organization of these processes.
Concerning BIM 5D, students are introduced to the topic of project costs visually,
allowing them to connect geometric and numerical concepts associated with invest-
ment. Finally, BIM 6D introduces sustainability and energy efficiency concepts into the
model in the environmental engineering and sustainable infrastructure topics [64].

Table 6. Topics and contents for BIM implementation in the construction area

Topic

Graphical Engineering

Content

Introduction to the architectural preliminary project

3D Modelling

BIM
Dimension

3D

Building Information
Modelling [

Representation of 3D elements

Start of architectural project

Architectural project development

Structural drawing reading

Start of structural projects

Structural project development (foundation)

Structural project development (structural elements)

Use of Common Data Environment

Quantities

3D

Building Information
Modelling 1I

Project-Structural and Civil Engineering

Project of reinforced concrete structures (foundation)

Project of reinforced concrete structures (columns
and plates)

Project of reinforced concrete structures (beams)

Quantities of structural elements

Reinforced concrete structure projects

Structural steel project (structural elements)

Structural steel project (details and quantities)

3D/4D/5D

Construction Technology [

Provisional works, safety and health, preliminary works

Earthworks

Foundations and reinforced concrete elements

Formwork, placement of concrete on site and
reinforcing steel

Wood formwork and masonry units

Construction planning

Finishes in construction

3D/AD

Environmental Engineering

Environmental impact study

Surrounding definitions

Use of weather data and thermal block

6D
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Table 6. Topics and contents for BIM implementation in the construction area (Continued)

Topic Content Dirr?elll:/;ion
Construction Technology I | Origin and formation of Soils 3D/4D/5D
Surface Foundations and Deep Foundations, soil as a
building material
Slopes and excavations, buried and retaining structures
Earthworks
Longitudinal profile and cross sections
Analysis and interpretation of the most important
parameters in an EMS
Quarrying
Equipment for civil works, conditions that affect
performance
Equipment
Heavy machinery yields
Dams
Tunnels
Bridges
Pre-drilled systems
Prefabricated systems
Sanitary Engineering Drawing preparation and reading 3D
Cold water system
Hot water system
Impulsion equipment for the supply of water in buildings,
classification, types
Fire system
Wastewater disposal
Drawing preparation and reading of drainage installations
Rainwater Collection and Evacuation Systems
Installation of drainage to public networks
Electromechanical Electrical installations drawings 3D
Engineering Unifilar diagram and selection of conductors
Sustainable Infrastructures | Environmental sustainability analysis of buildings 6D

Building Energy Model (BEM)

Definition of construction systems

Ventilation and Refrigeration

The link between BIM and BEM models

Energy cost analysis

Building performance improvement
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Use of collaborative platforms for class activities: ICT is a fundamental pillar
within higher education, as the new generation of students are digital natives. They
are related to the success of the teaching-learning processes since they include benefits
such as interactivity [65], flexibility [66], and easier access to information [67]. Thus,
as part of the BIM implementation, the professors also used collaborative platforms to
properly monitor students’ performance within the classroom environment through-
out the semester. These platforms permitted storing the evolution of each student’s
process, facilitating the assessment and personalization of the learning process [68].
Additionally, the platforms provided digital support that promoted peer learning by
allowing the sharing of knowledge, ideas, and experiences [69] while promoting debate.

Therefore, these platforms helped to develop and reinforce the generic competency
of teamwork from the pre-formal to the basic proficiency level, as well as the specific
competency of ICT, software, and technology from the pre-formal to the basic level.

Professor training programs: To train students in BIM methodology, it was
necessary to have professors with advanced knowledge in this area since they
are the managers of this change, as reported by [43, 70]. Since launching the civil
engineering program this study belongs to in 2017, training programs have been
designed to prepare the professors’ staff to use BIM methodology and software. Some
examples of the training programs that were developed are presented in Table 7.

Table 7. BIM professor training programs

Module I: Introduction to BIM Methodology, using Autodesk Revit Architecture Tools

Module II: Using the Autodesk Revit Architecture Tool: Terrain Modelling, Materials

Module III: Using Autodesk Revit Architecture tools, 2D model, 3D model, 4D model, 5D model,
print formats

Basic AutoCAD

Revit Structure: Structure Modelling

3D Modelling Applied to Courses

BIM Modelling applied to a Civil Engineering Program
BIM 360 Platform

Energy analysis in BIM models

The first three modules shown in Table 5 provide an introduction to BIM. These
modules may use Revit Architecture tools, encompassing 2D, 3D, 4D, and 5D modeling,
terrain modeling, materials, and print formats. They serve as the initial exposure to
BIM for educators with limited BIM knowledge. The Basic AutoCAD program covers
the fundamentals of computer-aided drawing and modeling. Subsequently, a Revit
Structure program is recommended, focusing on structural elements and information
generation. The following program may entail applying BIM principles to civil engi-
neering topics and utilizing collaborative work platforms. Lastly, an energy analysis
program equips individuals with the skills to ensure project quality and sustainability.

Establishment of student organizations: Student organizations are groups of
students managed as autonomous non-profit organizations. Within these organiza-
tions, students take on various roles, including president, coordinator, and manager
[71]. Encouraging group training in research and developing generic competencies
such as teamwork and effective communication through student interactions is
recommended [72, 73]. Therefore, student organizations can help strengthen the
generic and specific competencies outlined in this study.
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The students of the civil engineering program proposed a BIM student club: Circulo
de Estudios Building Information Modelling (CEBIM), under the supervision of profes-
sors from the Construction Area. The objectives of this organization were to encour-
age students to research national and international benchmarks of BIM methodology,
study BIM methodology, promote research about the implementation of BIM within
different engineering fields, and explore the impact of the methodology on society.

To achieve this, CEBIM, with the guidance of professors, developed activities
involving students from various universities and institutions in Peru. Some exam-
ples of these activities, which were organized and included the participation of the
members, are shown in Table 8.

Table 8. Activities developed by the CEBIM

Activity Type
“Getting to know civil engineering student organizations” Launch event
“Importance of programing in civil engineering” Presentation and workshop
“Importance of the ISO 19650 series for construction” Presentation and workshop
“Importance of the standardization of BIM plan in Peru” Presentation and workshop
“Bim projects planning according to the ISO 19650” Presentation and workshop
“BIM management for engineering development” Presentation and workshop
CEBIM meetings Weekly meetings
“First BIM Peru Student Symposium” Symposium
“Getting to know civil engineering student organizations” Launch event
CEBIM meetings Weekly meetings

As seen in Table 6, CEBIM has hosted a launch event every year to present the
activities and objectives of their organization, aiming to attract more members.
Additionally, the students held weekly meetings throughout the semester with all
the members. During these meetings, they organized integration activities, shared
information about BIM and related technologies, and informed members about the
research or modeling teams they could join.

An example of a major event that involved collaboration with the AECO industry
took place in 2021. CEBIM organized its inaugural large-scale event, the BIM Peru
Student Symposium, with other Peruvian universities. The symposium featured the
involvement of professionals from the AECO industry who shared their experiences.

Development of a BIM application project: The BIM application project
was developed by students as an integral part of the construction area curricu-
lum. Students utilized BIM methodology and tools to collaborate on a project that
included a research exercise [63]. The assignment required the application of con-
cepts learned throughout the semester to analyze and propose improvements for a
construction project. This project departed from previous studies by incorporating
BIM into its development.

This BIM application project was a group activity developed throughout the
entire semester, integrating knowledge from various topics within the construc-
tion area, in a practical manner. The project’s core focused on contributing to and
achieving the United Nations’ SDGs, specifically SDG 9: Industries, Innovation, and
Infrastructure. The objective of this SDG is to construct resilient infrastructure and
minimize the environmental impact of construction [74].

The BIM application project aims to enhance research skills such as defining objec-
tives and scope, managing bibliographic sources, identifying problems, conducting
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state-of-the-art research, and mastering writing and citation, all within the realm of
BIM contents. In this project, the generic competencies of teamwork and research
were trained from a pre-formal level, aligning with the Graphic Engineering topics
from semester III. The topics within the construction area elevated the proficiency
level and initiated the development and reinforcement of the competency of innova-
tion. Specific competencies such as design, coordination and planning, ICT, software,
and technology were emphasized [3].

Furthermore, students could present these BIM application projects at a civil
engineering program event called Research Expo, where the best research propos-
als from all program subjects were showcased [63]. Table 9 indicates that in 2020, 18
projects were displayed at the Research Expo, with 10 of them falling under topics
related to the construction area. In 2021, five projects from the area were exhibited
out of 12 in total, and in 2022, there were three out of 10.

Table 9. Construction Area exhibited projects at the Research Expo from 2020 to 2022

2020 2021 2022
Exhibited FOMINE A€ - pepipieg FrOMMe A2 - pypipiteg Fromthe  Area
Graphical Engineering 1 1 1
Concrete Technology 2 2 1
Building Information 2 1 1
Modelling II
Construction Technology I 1
Environmental Engineering 1
Materials Technology 2
Construction Technology II 1 1
Sanitary Engineering 1 1
Electromechanical 1
Engineering
Total 18 10 0 12 5 2 10 3 1

The results of developing and reinforcing generic and specific competencies
within the construction area may be supported by the number of research projects
awarded from the Researc Expo, as also shown in Table 7.

Additionally, students were able to present their BIM application projects at exter-
nal student contests. For instance, Sanitary Engineering projects were showcased at
Cities: Vision 030, organized by the sustainability center of the Universidad de Lima
with the backing of the United Nations system in Peru. One of the projects, titled
“MEP Project of a multi-family building that uses artificial wetlands for wastewater
treatment in streams”, took third place.

Area and subject meetings: To coordinate all efforts related to BIM implemen-
tation within the construction area, weekly meetings are conducted for professors,
with an average attendance of 90%. These one-hour sessions cover various topics
such as general coordination of the civil engineering program, enhancement plans,
and strategies for BIM integration across the program. Specifically, strategies include
utilizing the latest software version, new tools, shortcuts, and enhancements; foster-
ing collaborative work through project application; enhancing assessments through
collaborative environments; and utilizing new tools for the CDE.
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4.2 Validation

Curriculum proposal: The methodology described earlier was designed to
align with the civil engineering program at a Peruvian higher education institution.
This methodology was validated through an indexed publication detailing the cur-
ricular design [3]. The design encompasses an admission profile, graduation profile,
academic areas, study plan, curriculum, teaching and learning methods, assessment
methods, technology and infrastructure, and profiles of professors. The construction
area is specifically one of the academic areas outlined.

Thus, the methodology with the six mechanisms described was designed as
part of the curricular proposal. Therefore, it needed to be validated at an institu-
tional level through several stages. First, the methodology was approved by the
Academic Committee of the civil engineering program. Second, it was reviewed
by the Engineering Faculty. Later, it was submitted to the Direccion Universitaria de
Servicios Académicos y Registro (DUSAR) and, finally, to the Chancellorship for final
approval. Additionally, the curricular proposal was validated by the Superintendencia
Nacional de Educacion Superior Universitaria (SUNEDU), the national body that regu-
lates higher education and ensures its quality in Peru.

Professors’ participation: To effectively implement BIM within the construc-
tion field, participation in BIM training programs for professors was encouraged.
These programs enabled the professors to recognize the advantages of BIM method-
ology and tools in construction education. Initially, the programs covered the fun-
damentals of BIM and later delved into specific topics of interest for the professors.
This approach helped address concerns expressed by the faculty regarding the per-
ceived complexity of using BIM software, leading to an increase in attendance as the
civil engineering program progressed. It was crucial for the faculty to gain practical
experience with BIM, and these programs offered support and boosted their confi-
dence in utilizing the technology [43, 70].

Furthermore, the attendance was high, as presented in Table 10. The table also
indicates that, of the professors who attended all nine training programs, on aver-
age, 100% successfully completed the programs.

Table 10. Professors’ attendance to BIM training programs

Professors
Professors Professors .
Program . . with an
Invited Attending .
Approving Grade
Module I: Introduction to BIM Methodology, 6 5 5
using Autodesk Revit Architecture Tools
Module II: Using the Autodesk Revit 5 5 5
Architecture Tool: Terrain Modelling, Materials
Module III: Using Autodesk Revit architecture 4 4 4
tools, 2D model, 3D model, 4D model, 5D model,
print formats
Basic AutoCAD 5 5 5
Revit Structure: Structure Modelling 6 6 6
3D Modelling Applied to Courses 6 5 5
BIM Modelling applied to a Civil 10 8 8
Engineering Program
BIM 360 Platform 13 13 13
Energy analysis in BIM models 13 11 11
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New students’ enrollment: Regarding new students, specifically freshmen,
the numbers indicate a high acceptance rate within the context. Figure 1 illustrates
the growth in the number of students enrolled in the civil engineering program
annually from 2017 to 2023.

A distinguishing feature suggested by the civil engineering program in this study
is the integration of BIM throughout the curriculum. This inclusion attracts new
students to enroll, as BIM offers a novel approach to learning [41]. Additionally,
a swift transition into the workforce is a key attraction for potential students and
professionals, given that BIM expertise is currently in high demand in the AECO
industry [75].

200
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Fig. 1. Number of new students per semester enrolled in the civil engineering program

Figure 1 illustrates the number of students accepted into the program by semes-
ter. Typically, the first half of the year sees a higher influx of new students enrolling
in the program, resulting in a significant disparity in the number of new freshmen
between the first and second semesters. Using the first semester of each year as a
benchmark, in 2017, the civil engineering program with a focus on BIM was intro-
duced, garnering significant interest and leading to 139 new students joining the
program. In 2018, enrollment slightly decreased, but numbers saw a rapid increase
in 2019, continuing through 2020 and 2021, despite reports indicating a decline
in participation in higher education programs during the years of the COVID-19
pandemic [76]. The surge in numbers could be attributed to the flexibility offered
by online environments, the interactive nature of digital tools, the customization
of teaching-learning processes, and the ease of information sharing, facilitated by
collaborative methodologies and platforms that enabled remote learning in higher
education to be more accessible to potential students [77]. The peak enrollment
figure corresponds to the 2023-1 semester, as in-person classes resumed, supporting
pedagogical goals, social interaction, and engagement in blended learning [78].

These numbers are also a result of proper dissemination and visibility of the
program, which is supported by strategic alliances with major international and
national organizations from industry and the state, such as the Global Resilience
Institute, the Stanford Center for Professional Development, the Peruvian Ministry
of Economy and Finance, the Instituto Nacional de Defensa Civil, and the Instituto
Nacional de Calidad, among others.

Graduates’ employability: From the first, second, and third cohorts of graduate
students (totaling 84 bachelor’s degree recipients) who completed their studies in
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December 2021, July 2022, and December 2022, 67% (56 bachelor’s degree recipients)
are currently employed within two years of graduation.

From the first group of students (29 bachelors) who completed their studies
in December 2021 and graduated in July 2022, 76% (22 bachelors) are employed.
Similarly, from the second group of students who completed their studies in July 2022
and graduated in December 2022, 62% (18 bachelors) are employed. Lastly, from the
third group who completed their studies in December 2022 and graduated in July
2023, 62% (16 students) are employed. These percentages are illustrated in Figure 2.

No information
33,3%

Employed
66,7%

Fig. 2. Percentage of employed bachelors (December 2021, July 2022 and December 2022)
from the civil engineering program

Furthermore, of the 67% employed, 61% (34 bachelors) are employed in BIM-
related roles, as shown in Figure 3. Some of the most common roles are BIM
modeler, BIM assistant, BIM coordinator, and BIM manager, which highlights the
AECO industry’s demand for BIM professionals. These positions involve daily tasks
such as creating and updating BIM and as-built models, providing project-specific
information, communicating with stakeholders, coordinating across disciplines,
identifying clashes, overseeing on-site activities, and producing construction-related
documentation directly from BIM models.

Not specified
39,3%

BIM-related role
60,7%

Fig. 3. Percentage of employed bachelors in BIM-related roles (December 2021, July 2022
and December 2022)
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Finally, the employment rates reveal a positive reception for the labor market and
recognition within the group of stakeholders, as the employers are transnational,
international, and national enterprises of the AECO industry. Therefore, embedding
BIM in the curriculum prepares students for a complex and changing workforce, as
universities seek to contribute positively to labor outcomes by providing students
with experiences as close to the “real world” as possible [79, 80].

Research results: The civil engineering program is dedicated to conducting impact-
ful research. Students are actively engaged in the GIRC Program [4] from the early
stages of their education. Consequently, they undertake their final degree project as a
research paper eligible for publication in an indexed journal. Out of 16 graduates who
have presented their final degree project, nine (56%) have successfully authored and
published research papers. The topics explored include the utilization of BIM models
for construction optimization, Virtual Design and Construction (VDC) [81], and time and
process optimization, underscoring the significance of BIM in the construction sector.

As for the professors, they also conduct research. Within the Laboratorio de
Simulacion, they develop projects on topics such as BIM norms, photogrammetry,
artificial intelligence, virtual reality, and augmented reality, all related to applica-
tions in BIM. Several research papers out of the these research topics have been
published in indexed journals.

Students’ perceptions: A survey was conducted to explore students’ percep-
tions about BIM implementation within the construction area and its relationship
with developing and reinforcing competencies. The questionnaire was divided into
two sections: Subject Design and Teaching-Learning Methodology.

In the statement regarding the utility and relevance of the presented content,
which is related to BIM, for their professional training, 49.2% of the total surveyed
students strongly agreed with it, 42.4% agreed, and 3.4% were undecided. None
of the students disagreed, and only 5.1% strongly disagreed, as shown in Figure 4.
This could be explained by the students’ awareness of BIM’s expansion and growth
within the AECO industry [16].

Strongly disagreed )
5,1%
Undecided
3,4%

Agreed
42,4%

Strongly agreed
49,2%

Fig. 4. Students’ perceptions upon the utility and actuality of the presented content within
the construction area subject

Figure 5 presents the results regarding whether the application of the BIM method-
ology has contributed to the development of students’ teamwork competency. 42.4%
of the surveyed students strongly agreed with this statement, 44.1% agreed, and
6.8% were undecided. Since BIM is a collaborative methodology that involves stake-
holder coordination, teamwork, and effective communication are promoted [14].

128 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 14 No. 6 (2024)


https://online-journals.org/index.php/i-jep

iJEP | Vol. 14 No. 6 (2024)

Embedding Building Information Modelling in the Construction Area: A Case within an Undergraduate Civil Engineering Program

Only 3.4% disagreed, and 3.4% strongly disagreed. Furthermore, concerning the
statement about the utility of BIM software for understanding theoretical construc-
tion concepts, which is linked to engineering knowledge competency, 40.7% of the
total surveyed students strongly agreed, and 47.5% agreed. BIM models facilitate
the comprehension of areas such as design fundamentals, building technology, pro-
gramming, and modeling concepts [12]. Only 5.1% were undecided, 1.7% disagreed,
and 5.1% strongly disagreed, as illustrated in Figure 6.

Strongly disagreed e

3,4% /

Undecided
6,8%
Disagreed
3,4%

Agreed
44 1%

Strongly agreed
42,4%

Fig. 5. Students’ perceptions upon BIM contribution to the development of teamwork competency

Strongly disagreed

———

51%

Disagreed /

1,7%

Undecided

51%
Agreed
47,5%

Strongly agreed
40,7%

Fig. 6. Students’ perceptions of the utility of BIM software to the development of engineering
knowledge competency

In this study, 47.5% of the surveyed students strongly agreed with the idea that
project-based learning (PrBL) supported by digital tools helped them understand
theoretical concepts practically, while 40.7% agreed that PrBL supports learning
experiences, enabling students to engage with real-world problems [46]. Only 5.1%
were undecided, 1.7% disagreed, and 3.4% strongly disagreed. Additionally, 57.6%
of the surveyed students strongly agreed, and 33.9% agreed that implementing PrBL
in other subjects from the civil engineering program would enhance the learning
process. Only 3.4% disagreed with this statement, no students disagreed, and 5.1%
strongly disagreed.

About students’ perceptions of the development and reinforcement of generic
and specific competencies within the construction area, Figure 7 shows the results.
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Fig. 7. Students’ perceptions of competencies development and reinforcement within the construction area

Regarding the generic competencies of ethics and leadership, 25.4% of the
surveyed students strongly agreed, and 44.1% agreed that the teaching-learning
methodology helped them to develop and reinforce these competencies. In compar-
ison, 16.9% were undecided, 10.2% disagreed, and only 3.4% strongly disagreed.
BIM supports the training of generic competencies in leadership and mentoring
[12]. Furthermore, 40.7% of the surveyed students strongly agreed about team-
work competency, and 47.5% agreed that BIM encourages a collaborative work
environment [14]. Only 6.8% were undecided, none of the students disagreed, and
5.1% strongly disagreed.

Additionally, 20.3% of the surveyed students strongly agreed, 52.5% agreed,
20.3% were undecided, 5.1% disagreed, and only 1.7% strongly disagreed that the
teaching-learning methodology supported the training of the research competency
since research is encouraged for proposing solutions to significant problems related
to constructive processes [46]. Finally, 37.3% of them strongly agreed, 44.1% agreed,
10.2% were undecided, 5.1% disagreed, and only 3.4% strongly disagreed that it
helped them develop and reinforce the innovation competency. BIM promotes
critical and systematic thinking so that students may recognize opportunities for
improvement [14].

Regarding the specific competencies, 47.5% of the surveyed students strongly
agreed, 44.1% agreed, 3.4% were undecided, none disagreed, and 5.1% strongly
disagreed with the statement that the teaching-learning methodology helped them
develop the design, coordination, and planning competencies. Certainly, BIM facil-
itates design, construction, and operation processes [8]. Moreover, 55.9% of all
students strongly agreed, 35.6% agreed, 1.7% were undecided, and 5.1% strongly
disagreed that it helped them to train the ICT, software, and technology management
competency since BIM relies on graphic and non-graphic information to compose
digital representations [9].

Regarding the development and reinforcement of project management compe-
tency, 37.3% of the surveyed students strongly agreed that the teaching-learning
methodology supported it, 49.2% agreed, 6.8% were undecided, and 3.4% disagreed
and strongly disagreed. BIM has been adopted by the AECO industry specifically for
project management [10]. Finally, 37.3% of the surveyed students strongly agreed,
42.4% agreed, 13.6% were undecided, 1.7% disagreed, and 5.1% strongly disagreed
that the methodology enabled the training of engineering knowledge competency.
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Indeed, BIM tools provide a digital and interactive environment that helps in under-
standing construction processes [42].

Students’ motivation was also measured, as shown in Figure 8. Regarding whether
the subjects motivated students to learn, 39.0% strongly agreed, 47.5% agreed, 5.1%
were undecided, 1.7% disagreed, and 6.8% strongly disagreed. Concerning whether
the subjects motivated students to prepare before the classes to participate in their
development, 28.8% strongly agreed, 40.7% agreed, 18.6% were undecided, 6.8%
disagreed, and only 5.1% strongly disagreed. This may be because construction field
topics that interest civil engineering students are considered [27].

When asking students whether subjects motivated them to work as a team, 47.5%
strongly agreed, 35.6% agreed, 10.2% were undecided, no one disagreed, and only
6.8% strongly disagreed. Furthermore, 42.4% strongly agreed that the subjects moti-
vated them to meet the learning objectives, 45.8% agreed, 5.1% were undecided,
none disagreed, and 6.8% strongly disagreed. Finally, regarding whether the subjects
motivated students to apply theoretical knowledge in practice, 44.1% strongly agreed,
40.7% agreed, 8.5% were undecided, 1.7% disagreed, and 5.1% strongly disagreed.

30
20
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0

Learn Prepare before the Motivated students to Meet the learning Apply theoretical
classes in order to work as a team objectives knowledge in practice
participate in their

development

[l Strongly agreed [l Agreed Undecided Disagreed Strongly disagreed

Fig. 8. Students’ motivation upon the teaching-learning methodology within the construction area

5  CONCLUSIONS

In the context of developing and solidifying BIM-related competencies in the
construction area within an undergraduate civil engineering program, six mecha-
nisms were designed and implemented: (1) integration of BIM into topics and syllabi;
(2) use of collaborative platforms for class activities; (3) professor training programs;
(4) establishment of student organizations; (5) development of a BIM application proj-
ect; and (6) area and subject meetings. The integration of BIM into topics and the corre-
sponding syllabi required significant effort from the faculty to ensure that BIM-related
competencies were incorporated across the curriculum, aligning with civil engineer-
ing discipline-specific contents effectively. The validation process, involving professors,
enrollment rates, employability, and research outcomes, as well as the curriculum pro-
posal and students’ feedback, demonstrated that the implemented mechanisms effec-
tively supported the development and enhancement of BIM-related competencies.

Challenges in effectively implementing BIM within the construction area include
the issue of collaboration among university authorities, faculty, professors, and
other stakeholders. The reluctance to embrace change is a common limitation within
higher education institutions. Providing BIM training for professors has proven to
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be crucial, as they must acquire competencies that were not part of their academic
and professional training, including ICT, software and technology management,
teamwork, research, and innovation. Additionally, collaborative efforts have been
essential, as professors’ expertise and confidence in their knowledge directly impact
students’ learning and development.

Regarding the students, they mostly agreed that the teaching-learning meth-
odology within the construction area helps them to develop and reinforce both
generic and specific competencies. 69.5% perceived that it supports the ethics
and leadership competency, 88.2% the teamwork competency, 72.8% the research
competency, and 81.4% the innovation competency. As for the specific competencies,
91.6% thought the methodology supports the design, coordination, and planning
competency; 91.5%, the ICT, software, and technology management competency;
86.5%, the project management competency; and 79.7%, the engineering knowledge
competency.

In this context, acquiring knowledge of BIM as an undergraduate student can
have a substantial impact on the student’s employability. In fact, within the sample
analyzed in this study, 61% of the students who are currently employed work in
positions and environments related to BIM. Given that the AECO industry has been
rapidly embracing BIM methodology to enhance project development, the demand
for professionals equipped with BIM expertise is expected to increase significantly
in the labor market in the coming years.

In addition, it should be noted that students showed great curiosity upon their ini-
tial exposure to BIM in the early stages of the program. They believed that it would help
them enhance their 3D perception and apply it to construction-related subjects. As the
program progressed, professors observed that students who had a solid understand-
ing of BIM found it easier to grasp construction concepts. This is because BIM offers
robust 3D visualization tools that are seamlessly integrated with 4D time simulation.

Therefore, it would be most valuable for future studies to measure graduates’
perceptions to analyze if their BIM training has granted them advantages compared
to their peers without this knowledge. Additionally, applying quantitative research
techniques, such as a survey, and qualitative ones, such as interviews or focus groups,
to the employers of graduated students may provide invaluable insights about the
impact of embedding BIM in the construction area within an undergraduate civil
engineering curriculum. It would also be necessary to explore BIM implementa-
tion within other training areas of civil engineering programs, such as structures,
surveying, geotechnics, and project management.

6 ACKNOWLEDGMENT

The authors thank the Civil Engineering Department of the Universidad de Lima
for generously providing the facilities that greatly facilitated the research conducted.
The authors also express their gratitude to the Instituto de Investigacion Cientifica
(IDIC) at the Universidad de Lima, as this paper was developed as part of the research
project with the reference number P1.71.001.2023.

7  DECLARATION OF INTEREST STATEMENT

The authors reported no potential conflict of interest.

132 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 14 No. 6 (2024)


https://online-journals.org/index.php/i-jep

iJEP | Vol. 14 No. 6 (2024)

Embedding Building Information Modelling in the Construction Area: A Case within an Undergraduate Civil Engineering Program

8

(1]

(10]

(11]

(12]

(13]

(14]

REFERENCES

B. Shukla, K. M. Soni, R. Sujatha, and N. Hasteer, “Roadmap to inclusive curriculum:
A step towards multidisciplinary engineering education for holistic development,”
Journal of Engineering Education Transformations, vol. 36, no. 3, pp. 134-144, 2023. https://
doi.org/10.16920/jeet/2023/v3613/23105

UNESCO, “Higher education,” UNESCO. https://www.unesco.org/en/higher-education

A. A Del Savio, K. Galantini Velarde, B. Diaz-Garay, and E. Valcarcel Pollard,
“A methodology for embedding Building Information Modelling (BIM) in an undergrad-
uate civil engineering program,” Applied Sciences, vol. 12, no. 23, p. 12203, 2022. https://
doi.org/10.3390/app122312203

A. A. Del Savio, L. M. Céceres, and K. Galantini Velarde, “A methodology for embedding
research competencies in an undergraduate civil engineering program,” International
Journal of Engineering Education, vol. 37, no. 5, pp. 1201-1224, 2021.

Z.Yu, S. A. R. Khan, P. Ponce, A. B. Lopes de Sousa Jabbour, and C. ]. Chiappetta Jabbour,
“Factors affecting carbon emissions in emerging economies in the context of a green
recovery: Implications for sustainable development goals,” Technological Forecasting and
Soctal Change, vol. 176, p. 121417, 2022. https://doi.org/10.1016/j.techfore.2021.121417
R. Klinc and Z. Turk, “Construction 4.0-digital transformation of one of the oldest
industries,” Economic and Business Review, vol. 21, no. 3, pp. 393-410, 2019. https://doi.
org/10.15458/ebr.92

D. Zhao, M. Duva, S. Mollaoglu, K. Frank, A. Garcia, and ]. Tait, “Integrative collabora-
tion in fragmented project organizations: Network perspective,” Journal of Construction
Engineering and Management, vol. 147, no. 10, p. 04021115, 2021. https://doi.org/10.1061/
(ASCE)C0.1943-7862.0002149

ISO-International Organization for Standardization, Organization and Digitization of
Information About Buildings and Civil Engineering Works, Including Building Information
Modelling (BIM)—Information Management Using Building Information Modelling—Part 1:
Concepts and Principles (ISO 19650-1:2018), 1SO, 2018. https://www.iso.org/
standard/68078.html

A. Borrmann, M. Konig, C. Koch, and J. Beetz, “Building information Modelling: Why?
What? How?” in Building Information Modelling, A. Borrmann, M. Konig, C. Koch, and
]J.Beetz, Eds., Springer, Cham., 2018, pp. 1-24. https://doi.org/10.1007/978-3-319-92862-3_1
D. Mehran, “Exploring the adoption of BIM in the UAE construction industry for AEC
firms,” Procedia Engineering, vol. 145, pp. 1110-1118, 2016. https://doi.org/10.1016/
j.proeng.2016.04.144

H. Aladag, G. Demirdogen, and Z. Isik, “Building Information Modelling (BIM) use in
Turkish construction industry,” Procedia Engineering, vol. 161, pp. 174-179, 2016. https://
doi.org/10.1016/j.proeng.2016.08.520

M. B. Barison and E. T. Santos, “The competencies of BIM specialists: A comparative
analysis of the literature review and job ad descriptions,” Computing in Civil Engineering,
pp. 594-602, 2011. https://doi.org/10.1061/41182(416)73

M. A. Gomez, R. F. Herrera, E. Atencio, and F. C. Munoz-La Rivera, “Key management skills
for integral civil engineering education,” International Journal of Engineering Pedagogy
(ifEP), vol. 11, no. 1, pp. 64-77, 2021. https://doi.org/10.3991/ijep.v11i1.15259

R. A. Rahman and S. K. Ayer, “Enhancing the non-technological skills required for
effective building information modeling through problem-based learning,” Journal of
Information Technology in Construction (ITcon), vol. 24, no. 9, pp. 154-166, 2019. https:/
www.itcon.org/2019/9

International Journal of Engineering Pedagogy (iJEP) 133


https://online-journals.org/index.php/i-jep
https://doi.org/10.16920/jeet/2023/v36i3/23105
https://doi.org/10.16920/jeet/2023/v36i3/23105
https://www.unesco.org/en/higher-education
https://doi.org/10.3390/app122312203
https://doi.org/10.3390/app122312203
https://doi.org/10.1016/j.techfore.2021.121417
https://doi.org/10.15458/ebr.92
https://doi.org/10.15458/ebr.92
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002149
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002149
https://www.iso.org/standard/68078.html
https://www.iso.org/standard/68078.html
https://doi.org/10.1007/978-3-319-92862-3_1
https://doi.org/10.1016/j.proeng.2016.04.144
https://doi.org/10.1016/j.proeng.2016.04.144
https://doi.org/10.1016/j.proeng.2016.08.520
https://doi.org/10.1016/j.proeng.2016.08.520
https://doi.org/10.1061/41182(416)73
https://doi.org/10.3991/ijep.v11i1.15259
https://www.itcon.org/2019/9
https://www.itcon.org/2019/9

Del Savio et al.

[15]

[16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

[25]

(26]

[27]

(28]

(29]

X. Jing, “Application of bim technology in project management and construction cost
control,” in 5th International Conference on Economics, Management and Humanities
Science (ECOMHS 2019), 2019, pp. 552-556. https://webofproceedings.org/proceedings_
series/ECOM/ECOMHS%202019/ECOMHS19122.pdf

A. Ghosh, K. Parrish, and A. D. Chasey, “Implementing a vertically integrated BIM cur-
riculum in an undergraduate construction management program,” International Journal
of Construction Education and Research, vol. 11, no. 2, pp. 121-139, 2014. https://doi.org/
10.1080/15578771.2014.965396

R. Charef, H. Alaka, and S. Emmitt, “Beyond the third dimension of BIM: A systematic
re-view of literature and assessment of professional views,” Journal of Building
Engineering, vol. 19, pp. 242-257, 2018. https://doi.org/10.1016/j.jobe.2018.04.028

J. Li, K. Afsari, N. Li, J. Peng, Z. Wu, and H. Cui, “A review for presenting building
information modeling education and research in China,” Journal of Cleaner Production,
vol. 259, p. 120885, 2020. https://doi.org/10.1016/j.jclepro.2020.120885

]. Hardi, “Case study: Lessons learned from Building Information Modelling (BIM)
extra-curricular activity organised for Architecture, Engineering and Construction
students within a UK University,” RICS COBRA AUBEA 2015, 2015.

V. P. Rossado Espinoza, D. Cardenas-Salas, A. Cabrera, and L. Coronel, “Virtual reality
and BIM methodology as teaching-learning improvement tools for Sanitary Engineering
courses,” International Journal of Emerging Technologies in Learning (iJET), vol. 16, no. 6,
pp. 20-39, 2021. https://doi.org/10.3991/ijetv16i06.13535

J. Jin, K-E. Hwang, and I. Kim, “A study on the constructivism learning method for BIM/
IPD collaboration education,” Applied Sciences, vol. 10, no. 15, p. 5169, 2020. https://doi.
org/10.3390/app10155169

L. Tang, R. Jin, and K. Fang, “Launching the innovative BIM module for the architecture
and built environment programme in China,” WIT Transactions on The Built Environment,
vol. 149, pp. 145-156, 2015. https://doi.org/10.2495/BIM150131

J. Zhang, C. Zhao, H. Li, H. Huijser, and M. Skitmore, “Exploring an interdisciplinary
BIM-based joint capstone course in highway engineering,” Journal of Civil Engineering
Education, vol. 146, no. 3, 2020. https://doi.org/10.1061/(ASCE)E1.2643-9115.0000017

G. Gumusburun Ayalp, “Learning styles of undergraduate civil engineering students
and the relationship with construction management success,” Journal of Professional
Issues in Engineering Education and Practice, vol. 142, no. 1, p. 05015002, 2016. https://
doi.org/10.1061/(ASCE)EL1943-5541.0000250

M. I. Khan, S. M. Mourad, and W. M. Zahid, “Developing and qualifying civil engineering
programs for ABET accreditation,” Journal of King Saud University—Engineering Sciences,
vol. 28, no. 1, pp. 1-11, 2016. https://doi.org/10.1016/j.jksues.2014.09.001

N. Cruz Zuhiga and E. Centeno Mora, “La construccién epistemoldgica en ingenieria
civil: Visién de la universidad de Costa Rica,” Actualidades Investigativas en Educacion,
vol. 19, no. 1, pp. 164-195, 2019. https://doi.org/10.15517/aiev19i1.35328

M. Murray and S. Tennant, “New civil engineer: Introducing undergraduate civil engi-
neers to construction technology,” Engineering Education, vol. 9, no. 1, pp. 33-47, 2014.
https://doi.org/10.11120/ened.2014.00024

O. Abudayyeh, J. Russell, D. Johnston, and J. Rowings, “Construction engineering
and management undergraduate education,” journal of Construction Engineering
and Management, vol. 126, no. 3, pp. 169-175, 2000. https://doi.org/10.1061/
(ASCE)0733-9364(2000)126:3(169)

S. Adhikari, P. Meadati, and M. Baek, “The implementation of BIM application in univer-
sity teaching: Case study of a construction management program,” in 2020 ASEE Virtual
Annual Conference Content Access Proceedings, 2020. https://doi.org/10.18260/1-2--35337

134 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 14 No. 6 (2024)


https://online-journals.org/index.php/i-jep
https://webofproceedings.org/proceedings_series/ECOM/ECOMHS%202019/ECOMHS19122.pdf
https://webofproceedings.org/proceedings_series/ECOM/ECOMHS%202019/ECOMHS19122.pdf
https://doi.org/10.1080/15578771.2014.965396
https://doi.org/10.1080/15578771.2014.965396
https://doi.org/10.1016/j.jobe.2018.04.028
https://doi.org/10.1016/j.jclepro.2020.120885
https://doi.org/10.3991/ijet.v16i06.13535
https://doi.org/10.3390/app10155169
https://doi.org/10.3390/app10155169
https://doi.org/10.2495/BIM150131
https://doi.org/10.1061/(ASCE)EI.2643-9115.0000017
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000250
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000250
https://doi.org/10.1016/j.jksues.2014.09.001
https://doi.org/10.15517/aie.v19i1.35328
https://doi.org/10.11120/ened.2014.00024
https://doi.org/10.1061/(ASCE)0733-9364(2000)126:3(169)
https://doi.org/10.1061/(ASCE)0733-9364(2000)126:3(169)
https://doi.org/10.18260/1-2--35337

iJEP | Vol. 14 No. 6 (2024)

Embedding Building Information Modelling in the Construction Area: A Case within an Undergraduate Civil Engineering Program

(30]

[31]

(32]

(33]

(34]

[35]

(36]

(37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

S. Suwal and V. Singh, “Assessing students’ sentiments towards the use of a Building
Information Modelling (BIM) learning platform in a construction project management
course,” European Journal of Engineering Education, vol. 43, no. 4, pp. 492-506, 2017.
https://doi.org/10.1080/03043797.2017.1287667

K. Ullah, I. Lill, and E. Witt, “An overview of BIM adoption in the construc-
tion industry: Benefits and barriers,” in 10th Nordic Conference on Construction
Economics and Organization, 2019, vol. 2, pp. 297-303. https://doi.org/10.1108/
$2516-285320190000002052

T. Yang and L. Liao, “Research on Building Information Model (BIM) technol-
ogy,” World Construction, vol. 5, no. 1, p. 1, 2016. https://www.researchgate.net/
publication/305794994 Research_on_Building Information_Model BIM_Technology

L. Mahdjoubi, C. A. Brebbia, and R. Laing, Building Information Modelling (BIM) in Design,
Construction and Operations. Southampton, U.K.: Wit Press, 2017.

B. Kumar, A Practical Guide to Adopting BIM in Construction Projects. Dunbeath:
Whittles, 2015.

M. P. Gallaher, A. C. O’Connor, John L. Dettbarn, Jr., and L. T. Gilday, “Cost analysis of
inadequate interoperability in the U.S. capital facilities industry,” National Institute of
Standards and Technology (NIST), 2004. https://doi.org/10.6028/NIST.GCR.04-867

G. Lee and A. Borrmann, “BIM policy and management,” Construction Management
and Economics, vol. 38, no. 5, pp. 413-419, 2020. https://doi.org/10.1080/01446193.
2020.1726979

P. M. Teicholz and Ifma Foundation, BIM for Facility Managers. Hoboken, New Jersey:
Wiley, 2013. https://doi.org/10.1002/9781119572633

A. Criminale and S. Langar, “Challenges with BIM implementation: A review of litera-
ture,” in 53rd ASC Annual International Conference Proceedings, 2017, pp. 329-335.

J.-Y. Wong et al., “BIM-VR framework for building information modelling in engineering
education,” International Journal of Interactive Mobile Technologies (i/IM), vol. 14, no. 6,
pp. 15-39, 2020. https://doi.org/10.3991/ijim.v14i06.13397

J. Zhang, H. Xie, K. Schmidt, B. Xia, H. Li, and M. Skitmore, “Integrated experiential
learning-based framework to facilitate project planning in civil engineering and
construction management courses,” Journal of Professional Issues in Engineering
Education and Practice, vol. 145, no. 4, p. 05019005, 2019. https://doi.org/10.1061/(ASCE)
EL.1943-5541.0000421

K. Ku and M. Taiebat, “BIM experiences and expectations: The constructors’
perspective,” International Journal of Construction Education and Research, vol. 7, no. 3,
pp. 175-197, 2011. https://doi.org/10.1080/15578771.2010.544155

L. Wang, M. Huang, X. Zhang, R. Jin, and T. Yang, “Review of BIM adoption in the higher
education of AEC disciplines,” Journal of Civil Engineering Education, vol. 146, no. 3,
p. 06020001, 2020. https://doi.org/10.1061/(ASCE)E1.2643-9115.0000018

J. Ma and Y. Tao, “Learning outcomes of civil engineering students in PBL based on
building information Modelling,” International journal of Emerging Technologies in
Learning (i[ET), vol. 18, no. 7, pp. 89-102, 2023. https://doi.org/10.3991/ijetv18i07.38701

L. M. Montero, J. H. Garcia-Salazar, and L. C. Rincon-Méndez, “Una experiencia de apren-
dizaje incorporando ambientes digitales: Competencias basicas para la vida ciudadana,”
Educacion y Educadores, vol. 11, no. 1, pp. 183-198, 2008.

S. Tobdn, “Los proyectos formativos: Transversalidad y desarrollo de competencias
para la sociedad del conocimiento,” Instituto CIFE, México D.F, 2013. https://seminar-
iorepensarlabioquimica.wordpress.com/wp-content/uploads/2016/01/s26-srbq-fad910_
sergio_tobon-_3_.pdf

International Journal of Engineering Pedagogy (iJEP) 135


https://online-journals.org/index.php/i-jep
https://doi.org/10.1080/03043797.2017.1287667
https://doi.org/10.1108/S2516-285320190000002052
https://doi.org/10.1108/S2516-285320190000002052
https://www.researchgate.net/publication/305794994_Research_on_Building_Information_Model_BIM_Technology
https://www.researchgate.net/publication/305794994_Research_on_Building_Information_Model_BIM_Technology
https://doi.org/10.6028/NIST.GCR.04-867
https://doi.org/10.1080/01446193.2020.1726979
https://doi.org/10.1080/01446193.2020.1726979
https://doi.org/10.1002/9781119572633
https://doi.org/10.3991/ijim.v14i06.13397
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000421
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000421
https://doi.org/10.1080/15578771.2010.544155
https://doi.org/10.1061/(ASCE)EI.2643-9115.0000018
https://doi.org/10.3991/ijet.v18i07.38701
https://seminariorepensarlabioquimica.wordpress.com/wp-content/uploads/2016/01/s26-srbq-fad910_sergio_tobon-_3_.pdf
https://seminariorepensarlabioquimica.wordpress.com/wp-content/uploads/2016/01/s26-srbq-fad910_sergio_tobon-_3_.pdf
https://seminariorepensarlabioquimica.wordpress.com/wp-content/uploads/2016/01/s26-srbq-fad910_sergio_tobon-_3_.pdf

Del Savio et al.

[46]

[47]

(48]

[49]

(501

(51]

(52]

(53]

(54]

(55]

[56]

(57]

[58]

(59]

(601

[61]

(62]

A. Almeida Del Savio, L. D. Zuloeta Carrasco, E. Canahualpa Nakamatsu, K. P. Galantini
Velarde, W. Martinez-Alonso, and M. Fischer, “Applying Project-Based Learning (PBL)
for teaching Virtual Design Construction (VDC),” International Journal of Engineering
Pedagogy (iJEP), vol. 13, no. 2, pp. 64-85, 2023. https://doi.org/10.3991/ijep.v13i2.35877
S. Chandrasekaran and R. Al-Ameri, “Assessing team learning practices in project/design
based learning approach,” International Journal of Engineering Pedagogy (iJEP), vol. 6,
no. 3, pp. 24-31, 2016. https://doi.org/10.3991/ijep.v6i3.5448

M. Borrego, E. P. Douglas, and C. T. Amelink, “Quantitative, qualitative, and mixed
research methods in engineering education,” Journal of Engineering Education, vol. 98,
no. 1, pp. 53-66, 2009. https://doi.org/10.1002/j.2168-9830.2009.tb01005.x

C. Wainerman, “El COVID-19 y la investigacion social,” Debate Universitario, vol. 8, no. 16,
pp. 97-102, 2020. https://doi.org/10.59471/debate202065

S.Y. Wong and J. Gray, “Barriers to implementing Building Information Modelling (BIM)
in the Malaysian construction industry,” in IOP Conference Series: Materials Science and
Engineering, 2019, vol. 495, p. 012002. https://doi.org/10.1088/1757-899X/495/1/012002
N. E. Kordi, N. I. Zainuddin, N. F. Taruddin, T. N. A. Tengku Aziz, and A. Abdul Malik,
“A study on integration of Building Information Modelling (BIM) in civil engineering
curricular,” in IOP Conference Series: Materials Science and Engineering, 2020, vol. 849,
p. 012018. https://doi.org/10.1088/1757-899X/849/1/012018

R. Muntean, G. C. Chitonu, D. Radu, C. Cazacu, and T. Gadldtanu, “Approach, understand-
ing, needs and integration of the BIM concept in the Romanian modern society,” in JOP
Conference Series: Materials Science and Engineering, 2020, vol. 789, p. 012043. https://doi.
0rg/10.1088/1757-899X/789/1/012043

A. 0. Onososen and M. O. Adeyemo, “BIM practice: Training and education of nigerian
quantity surveyors in preparation for BIM adoption,” PM World Journal, vol. 9, no. 2,
p. 19, 2020.

S. Lee, J. Lee, and Y. Ahn, “Sustainable BIM-based construction engineering education
curriculum for practice-oriented training,” Sustainability, vol. 11, no. 21, p. 6120, 2019.
https://dol.org/10.3390/su11216120

C. A. Quirds Coto, “Propuesta Didactica para el estudio de la Metodologia BIM en la
Especialidad de Dibujo Arquitecténico del Colegio Profesional de Artes y Oficios Nocturno
de Cartago,” Tecnoldgico de Costa Rica, 2019. https://doi.org/10.1787/9789264307094-3-es
S. Kolari¢, T. Mandicak, M. Vukomanovi¢, and P. Mesaros, “The influence of BIM edu-
cation improvement on raising BIM awareness in Croatia and Slovakia,” Periodica
Polytechnica Architecture, 2019. https://doi.org/10.3311/PPar.13868

C.S.Ogueta, “La ensefianza de BIM en Chile, el desafio de un cambio de enfoque centrado
en la metodologia por sobre la tecnologia [BIM education in Chile, the challenge of a
shift of focus centered on methodology over technologyl,” Introduccién Metodologia
BIM: el nuevo paradigma, 2017.

Universidad de Lima, “Ingenieria Civil,” Universidad de Lima, 2023. [Online]. Available:
https://www.ulima.edu.pe/pregrado/ingenieria-civil [Accessed: Nov. 2, 2022].

PUCP, “Ingenieria Civil,” Pontificia Universidad Catdlica del Pert, 2023. [Online]. Available:
https://www.pucp.edu.pe/carrera/ingenieria-civil/ [Accessed: Nov. 2, 2022].

UPC, “Ingenieria Civil,” Universidad Peruana de Ciencias Aplicadas, 2023. [Online].
Available: https://pregrado.upc.edu.pe/landings/carreras/ingenieria-civil/  [Accessed:
Nov. 2, 2022].

UTP, “Ingenieria Civil,” Universidad Tecnologica del Pertu, 2023. [Online]. Available:
https://www.utp.edu.pe/pregrado/facultad-de-ingenieria/ingenieria-civil [Accessed:
Now. 2, 2022].

R. Hernandez, C. Fernandez, and P. Baptista, Metodologia de la Investigacion. Ciudad de
México, México: McGraw-Hill, 2014.

136 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 14 No. 6 (2024)


https://online-journals.org/index.php/i-jep
https://doi.org/10.3991/ijep.v13i2.35877
https://doi.org/10.3991/ijep.v6i3.5448
https://doi.org/10.1002/j.2168-9830.2009.tb01005.x
https://doi.org/10.59471/debate202065
https://doi.org/10.1088/1757-899X/495/1/012002
https://doi.org/10.1088/1757-899X/849/1/012018
https://doi.org/10.1088/1757-899X/789/1/012043
https://doi.org/10.1088/1757-899X/789/1/012043
https://doi.org/10.3390/su11216120
https://doi.org/10.1787/9789264307094-3-es
https://doi.org/10.3311/PPar.13868
https://www.ulima.edu.pe/pregrado/ingenieria-civil
https://www.pucp.edu.pe/carrera/ingenieria-civil/
https://pregrado.upc.edu.pe/landings/carreras/ingenieria-civil/
https://www.utp.edu.pe/pregrado/facultad-de-ingenieria/ingenieria-civil

iJEP | Vol. 14 No. 6 (2024)

Embedding Building Information Modelling in the Construction Area: A Case within an Undergraduate Civil Engineering Program

(63]

[64]

[65]

(66]

[67]

(68]

(69]

[70]

(71]

(72]

(73]

[74]

[75]

[76]

[77]

L. C. Montero, K. G. Velarde, A. R. Arrué, and A. A. Del Savio, “Online learning environ-
ments for the promotion of undergraduate research in pandemic times: A case study
in an engineering program,” Journal of Engineering Education Transformations, vol. 36,
no. 4, pp. 161-171, 2023. https://doi.org/10.16920/jeet/2023/v36i4/23126

Y. Jiménez-Roberto, J. S. Sarmiento, A. Gémez-Cabrera, and G. Leal-del Castillo, “Andlisis
de sostenibilidad ambiental de edificaciones empleando metodologia BIM (Building
Information Modelling),” Ingenieria y Competitividad, vol. 19, no. 1, p. 230, 2017. https://
doi.org/10.25100/iycv19i1.2147

P. Leszczynski et al., “Multimedia and interactivity in distance learning of resuscitation
guidelines: A randomised controlled trial,” Interactive Learning Environments, vol. 26,
no. 2, pp. 151-162, 2017. https://doi.org/10.1080/10494820.2017.1337035

]J. Smedley, “Modelling the impact of knowledge management using technology,” OR
Insight, vol. 23, no. 4, pp. 233-250, 2010. https://doi.org/10.1057/0ri.2010.11

]. G. Jones, C. Morales, and G. A. Knezek, “3-Dimensional online learning environments:
Examining attitudes toward information technology between students in internet-based
3-dimensional and face-to-face classroom instruction,” Educational Media International,
vol. 42, no. 3, pp. 219-236, 2005. https://doi.org/10.1080/09523980500161254

T. Amer, E-learning and Education. Dar Alshehab Publication, 2007.

A. L. Chetlen et al,, “Collaborative learning in radiology: From peer review to peer learn-
ing and peer coaching,” Academic Radiology, vol. 27, no. 9, pp. 1261-1267, 2019. https://
doi.org/10.1016/j.acra.2019.09.021

E. Pikas, R. Sacks, and O. Hazzan, “Building information modeling education for con-
struction engineering and management. II: Procedures and implementation case study,”
Journal of Construction Engineering and Management, vol. 139, no. 11, p. 05013002, 2013.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0000765

K. Galantini Velarde, L. Caceres Montero, and A. Pachas Pacheco, “Exploring the promo-
tion of undergraduate research culture and student organizations within an engineer-
ing program: Students’ perceptions,” Journal of Engineering Education Transformations,
vol. 38, no. 1, 2024.

R. Kwon, S. Brint, K. Curwin, and A. Cantwell, “Co-curricular learning at research uni-
versities: Results from the SERU survey,” Journal of Student Affairs Research and Practice,
vol. 57, no. 1, pp. 90-112, 2019. https://doi.org/10.1080/19496591.2019.1644118

C. M. Hinkle and M. D. Koretsky, “Toward professional practice: Student learning oppor-
tunities through participation in engineering clubs,” European Journal of Engineering
Education, vol. 44, no. 6, pp. 906-922, 2018. https://doi.org/10.1080/03043797.
2018.1477119

United Nations, “Infrastructure and Industrialization — United Nations Sustainable
Development,” United Nations Sustainable Development, 2018. https://www.un.org/
sustainabledevelopment/infrastructure-industrialization/

R. Sacks and E. Pikas, “Building information modeling education for construction engi-
neering and management. I: Industry requirements, state of the art, and gap analysis,”
Journal of Construction Engineering and Management, vol. 139, no. 11, p. 04013016, 2013.
https://doi.org/10.1061/(ASCE)C0.1943-7862.0000759

A. A. Del Savio, K. Galantini, and A. Pachas, “Exploring the relationship between men-
tal health-related problems and undergraduate student dropout: A case study within a
civil engineering program,” Heliyon, vol. 8, no. 5, p. €09504, 2022. https://doi.org/10.1016/
j.-heliyon.2022.e09504

C. Muller and T. Mildenberger, “Facilitating flexible learning by replacing classroom
time with an online learning environment: A systematic review of blended learning
in higher education,” Educational Research Review, vol. 34, p. 100394, 2021. https://doi.
0rg/10.1016/j.edurev.2021.100394

International Journal of Engineering Pedagogy (iJEP) 137


https://online-journals.org/index.php/i-jep
https://doi.org/10.16920/jeet/2023/v36i4/23126
https://doi.org/10.25100/iyc.v19i1.2147
https://doi.org/10.25100/iyc.v19i1.2147
https://doi.org/10.1080/10494820.2017.1337035
https://doi.org/10.1057/ori.2010.11
https://doi.org/10.1080/09523980500161254
https://doi.org/10.1016/j.acra.2019.09.021
https://doi.org/10.1016/j.acra.2019.09.021
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000765
https://doi.org/10.1080/19496591.2019.1644118
https://doi.org/10.1080/03043797.2018.1477119
https://doi.org/10.1080/03043797.2018.1477119
https://www.un.org/sustainabledevelopment/infrastructure-industrialization/
https://www.un.org/sustainabledevelopment/infrastructure-industrialization/
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000759
https://doi.org/10.1016/j.heliyon.2022.e09504
https://doi.org/10.1016/j.heliyon.2022.e09504
https://doi.org/10.1016/j.edurev.2021.100394
https://doi.org/10.1016/j.edurev.2021.100394

Del Savio et al.

[78] J. Buhl-Wiggers, A. Kjergaard, and K. Munk, “A scoping review of experimental
evidence on face-to-face components of blended learning in higher education,” Studies
in Higher Education, vol. 48, no. 1, pp. 151-173, 2022. https://doi.org/10.1080/03075079.
2022.2123911

[79] C. Smith, S. Ferns, and L. Russell, “Designing work-integrated learning placements
that improve student employability: Six facets of the curriculum that matter,”
Asia-Pacific Journal of Cooperative Education, vol. 17, no. 2, pp. 197-211, 2016. https://eric.
ed.gov/?id=EJ1114030

[80] A.A. AlMunifi and A. Y. Aleryani, “Knowledge and skills level of graduate civil engineers
employers and graduates’ perceptions,” International Journal of Engineering Pedagogy
(iEP), vol. 9, no. 1, pp. 84-101, 2019. https://doi.org/10.3991/ijep.v9i1.9744

[81] A.A.Del Savio, J. F. Vidal Quincot, A. D. Bazdn Montalto, L. A. Rischmoller Delgado, and
M. Fischer, “Virtual Design and Construction (VDC) framework: A current review, update
and discussion,” Applied Sciences, vol. 12, no. 23, p. 12178, 2022. https://doi.org/10.3390/
app122312178

9 AUTHORS

Alexandre Almeida Del Savio has a Ph.D. in Civil Engineering from the
Pontifical Catholic University of Rio de Janeiro, a mentor certificate in Virtual Design
and Construction (VDC) from Stanford University, and over 22 years of experience.
He is a Researcher and Full Professor of the Civil Engineering Department and Head
of the Scientific Research Institute at Universidad de Lima. He is particularly interested
in VDC, BIM, Integrating Project Delivery (IPD), Integrated Concurrent Engineering
(ICE), Project Production Management (PPM), civil engineering competency-based
curriculum, Project-Based Learning (PBL), construction automation and indus-
trialization, construction technology, transportation, computer vision, artificial
intelligence, and machine learning.

Katerina Galantini Velarde is a Doctoral Candidate in Higher Education by
Universidad de Palermo. She is a Master in Education by Universidad Femenina del
Sagrado Corazon and architect by Universidad de Lima. She is a professor for the
Architecture Faculty and a researcher for the Scientific Research Institute at the
Universidad de Lima, Peru. Her research interests include undergraduate research
training, undergraduate curriculum design and management, engineering and
design pedagogy, and formative assessment (E-mail: kgalanti@ulima.edu.pe).

AnaFelicita LunaTorresisaDoctoral Candidate in Science and Civil Engineering
at the Universidad Nacional de Ingenieria. She is a civil engineer and Master in Civil
Engineering. She is a professor and researcher at Universidad de Lima.

Jose Roberto Salinas Saavedra is a Master in Construction Management by
Universidad Peruana de Ciencias Aplicadas and Universidad Politécnica de Catalunya
Barcelona. He is a civil engineer, professor and researcher at Universidad de Lima.

Monica Alejandra Vergara Olivera is a Master’s in Project Management
student at Universidad ESAN. She is an architect, researcher and a teaching assistant
at Universidad de Lima.

138 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 14 No. 6 (2024)


https://online-journals.org/index.php/i-jep
https://doi.org/10.1080/03075079.2022.2123911
https://doi.org/10.1080/03075079.2022.2123911
https://eric.ed.gov/?id=EJ1114030
https://eric.ed.gov/?id=EJ1114030
https://doi.org/10.3991/ijep.v9i1.9744
https://doi.org/10.3390/app122312178
https://doi.org/10.3390/app122312178
mailto:kgalanti@ulima.edu.pe

