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Abstract

This article presents a descriptive, correlational, and quantitative study
investigating the learning processes of undergraduate construction engineer-
ing and architecture students. The study aims to analyze the effectiveness of
an alternative learning method compared to traditional approaches in
engineering, architecture and construction education. The study focuses on
the use of a mobile application (CAMPUS Javeriana) as a tool for experiential
learning by using digital technologies, such as construction videos and photos,
infographic images, building information modeling (BIM) models, virtual and
augmented reality, among others, within the app. Forty-six architecture
students participated in the study, divided into control and experimental
groups within each of three undergraduate courses. Pretest and posttest
questionnaires were administered to assess the students’ learning outcomes,
preferences, and perception of the importance of learning technologies. The
test results were analyzed using scatter plots, and statistical analysis was
conducted using the Jamovi package in R Studio. The students’ perceived
importance of the mobile app and their preference to use it in the future were
also evaluated. Contextual factors such as student characteristics, available
resources, and instructors' teaching style were taken into consideration. The
study implemented rubrics based on the Expected Learning Results for each
course to measure the overall academic performance. Furthermore, the study
explores the concept of learning gain and its relationship with the obtained
results, shedding light on experiences, perceptions, and academic performance
in the specific context of construction education. Findings suggest a positive
impact on learning outcomes and perception as a result of using a series of
multi-media technologies in the mobile application.
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1 | INTRODUCTION

In recent years, the field of architecture and construction
engineering education has undergone major changes
with the rapid development of digital technologies.
Education, worldwide, has been influenced by constant
technological advances that continually alter academic
processes [31]. Currently, the variety of technological
means available for educational purposes is quite wide
and different ways of using them are increasingly
explored with the aim of improving teaching methods
and generating greater impact on students [9]. Tradi-
tional teaching methods based solely on knowledge
transfer have been found to be limited in providing
students with an understanding of the complex processes
and operations of the construction industry. As
Hajirasouli and Banihashemi state, with traditional
methods, knowledge occurs to be transferred with the
use of manuals and from standard procedures with an
explicit approach. Whereas the implicit knowledge that
occurs from being on a construction site and living the
experience of the place is neglected [17]. To solve this
problem, the integration of new digital technologies with
tools related to education has emerged to improve the
processes of institutions linked to education [33]. This is
an effective way to enhance learning, facilitate teaching,
and provide new experiences, and especially mobile apps
have demonstrated to be successful tools to comply with
these goals [5, 6].

This study aims to investigate the effectiveness of
alternative teaching methods and the integration of
technology into building and construction. By exploring
the benefits of this process, this study aims to fill an
important gap in knowledge and provide insight for
teachers, academics, universities and students in the field
by creating a mobile app named CAMPUS Javeriana.
This research has the potential to change the way
architectural, engineering, and educational development
is presented. Using alternative methods, such as a mobile
application, downloadable in I0S [7] and Android [8],
students can participate in the construction process,
explore dimensions, and gain a deeper understanding of
materials while using it. This academic program prepares
students to solve real business problems, allowing them
to bridge the gap between knowledge and practical
experience. Digital technologies are ubiquitous in the day
to day of the new generations and are increasingly
integrated into various aspects in higher education
related to the promotion of culture and the dissemination
of information [24].

Specifically, in the field of architecture and construc-
tion engineering, the technologies that have been used in
recent years, such as three-dimensional models and

virtual reality, have allowed the development of skills
such as learning motivations, self-learning capacity,
attitude, and effect of teamwork. Furthermore, immer-
sive experiences have shown improvements in spatial
understanding and in the final three-dimensional models
presented by students [38]. Arthur Firipis, Siva
Chandrasekaran, and Matthew Joordens suggest that
engineering employers are requiring recent graduates
with skills that are not always acquired in traditional
engineering courses, including professional and technical
skills, and that this requires curricula to transform and
foster learning environments based on innovative prac-
tices. This puts us in a position to re-evaluate the way in
which we teach architecture and engineering [14]. The
target market of the mobile application is the entire
academic field, the students and the university commu-
nity being the main users of the technological platform.
However, the main consumers of the new technology
will be those related to teaching and learning in the field
of construction. Similarly, CAMPUS Javeriana is poten-
tially designed not only to serve the educational sector
but also for construction engineering companies and the
public sector. CAMPUS Javeriana aims to encourage the
academic, interactive, creative, and immersive material
creation for teaching and learning construction pro-
cesses. Since the app is at an early stage of development,
it is expected to strengthen the innovation, market
opportunity, and traction. In addition, the app is forecast
to gain entrepreneurial and commercial skills to develop
all the app possibilities in a near future.

The study corresponds to quasi-experimental
research with an exploratory descriptive design. The
results of the control groups, which received traditional
training, were compared with the results obtained by the
experimental groups, who had access to a self-directed
learning application. The research process included
pretest and posttest phases, as well as questionnaires
used to measure the level of knowledge and the
perception of usefulness of various technologies in the
participants’ learning process [11].

The needs of this research are many. First, it aims to
improve knowledge in the field of architecture and
construction engineering education by providing evi-
dence of the effectiveness of alternative teaching
methods and technology. This research provides new
insights for teachers, books, and schools, making a
significant difference in understanding how these lessons
improve learning and help develop cognitive skills.

Second, this study provides practical implications. By
demonstrating the value of integrating digital technolo-
gies and other teaching methods, teachers can receive
guidance on how to design better courses and make good
impact. Research findings can inform curriculum
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development, instructional design, and the use of new
instructional strategies that meet changing business
conditions. Also, directly addresses the need for digital
skills in the work, building, and construction engineering
industry. By equipping students with the necessary
digital skills, this research helps to bridge the gap
between education and business and makes students
more employable and resourceful to contribute to real-
world projects.

In conclusion, we proposed two research questions:

RQ1. Does the combination of alternative teaching
methods and technology improve architecture and
construction engineering students understanding
and application of concepts in the fields of
construction and architecture?

RQ2. What are the perceptions of architecture and
construction engineering students considering
technology mediating their learning experience and
how these can impact their learning outcomes? This
study aims to improve architecture and educational
design by investigating the effectiveness of alternative
teaching methods and digital technologies.

2 | LITERATURE REVIEW

“Let's not use outdated methods to solve
problems that are now solved with modern
methods” —Sugata Mitra

Education, in the context of construction, has tended
toward more traditional methods of learning and
teaching. Readings, memorization, and notes are the
basis of traditional methods, where the instructor and
teacher are the focus of attention in the teaching
environment before an audience, where the recipients
passively receive the information [17]. In this sense,
traditional pedagogical processes start from the simple
teaching theory, where information is transferred to the
student to shape him, from repetition, with predictable
learning results [23]. In the traditional teaching of
architecture and construction, students usually learn
through theoretical classes, practical exercises, and
design projects. Learning is based on the transmission
of knowledge and skills from instructors to students.
According to Sanjar Khudoykulovich Mardov and
Zilolaxon Xikmat Kizi Farxatova, in traditional teaching
processes, the instructors organize the lessons in such a
way as to accommodate low-performing students,
because they take as a premise the lack of interest of
the students. The basis of teaching is the transmission of

information, but not the development of intellectual
potential. In this sense, memory comes to play a
fundamental role and only some of the information
infused in class will manage to be a conscious element of
the student [21]. The commonly used tools for these
traditional methods are readings and demonstrations of
experiments, the first focuses on the transfer of informa-
tion, while the second, on shaping the student from the
continuous repetition of activities, previously carried out
by the teacher [23].

In the traditional teachings in architecture, some of
the basic principles of design are taught, such as
proportion, form, volume, balance symmetry and geom-
etry, among others, and in the teaching of construction
engineering, techniques, structure, finishing and the
electrical, hydraulic and sanitary system. This comes
from the use of manuals and traditional literature
focusing on the explicit transfer of information. Explicit
knowledge is of great importance in teaching and
learning, however, tacit knowledge that is generated
only through experience should be encouraged [17]. In
this sense, in the fields of architecture and construction
engineering, where teaching largely resides in image and
drawing, it is possible to promote experience by relying
on graphic education that stimulates interest and
knowledge [21]. With the support of graphic practices
derived from nontraditional education methods, it is
possible for the student to live the work, the space, and
the materiality in a timeless and almost immediate way,
from their devices. Thus, in a world of constant change
and speed, the student may be exposed to the experience
and knowledge that can only be acquired from the
construction site [17].

With the support of graphic practices and digital
technologies derived from nontraditional education
methods, it is possible for the student to live the
construction experience, the space and the materiality
in a timeless and almost immediate way from their
devices. Thus, in a world of constant change and speed,
the student may be exposed to the experience and
knowledge that can only be acquired from the construc-
tion site [17].

Since the beginning of the twenty-first century,
construction education (CE) research has gained a
growing interest. This trend coincides with an emerging
requirement of the construction industry for new labor
requirements and confirms the role of education in
sustaining this development [41]. A series of bibliometric
analysis have been performed in CE in the last years,
confirming the use of new technologies and methodolo-
gies (building information modeling [BIM], industry 4.0,
sustainability, virtual reality [VR], project management
[PM]) is gaining traction along with new pedagogical
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methods (student-centered learning [SCL], active learn-
ing [AL], among others), to align with the technologies
accompanying the latest wave of digitalization [2, 39, 41].

2.1 | Digital technologies in the
teaching of CE

Many experiences in the application of digital technol-
ogies in higher education and specifically in CE have
shown that the introduction of digital skills is currently
mandatory and the question of whether to be digital is no
longer an option [12]. Tools such as VR, BIM, augmented
reality (AR), generative design, CAVE system, among
others, have contributed to the ability to simulate designs
and identify problems early to teaching and evaluation
processes. In addition, according to the work of Professor
Sara Eloy and the Lisbon University Institute/ISTAR-
IUL, these technologies have complemented the skills of
students who are increasingly digital and have the need
to progressively adopt these skills in their study and
design processes of historical, contemporary, and future
environments [4, 12]. In recent years, VR and AR have
been highly explored in construction education and
training [3, 17, 28, 29].

Local applications such as the work of the Faculty of
Architecture and Design at Universidad de los Andes
about the production of digital content carried out by
Professor Rafael Villazon and its project “Procesos
Constructivos” and Knowledge Objects of Construction
KOC, capture lessons learned to contribute to pedagogy
and the monitoring and registration of construction
processes [3], or the development of professor Carolina
Rodriguez Bernal entitled “Plataforma interactiva sobre
procesos de construccion de elementos arquitecténicos”
(“Interactive platform on processes of construction of
architectural elements”) proposes strategies aimed at
promoting autonomous learning in the student through
case studies, problem-based learning, and collaborative
learning with peers [28, 29].

Other local examples, such as work in virtual reality
and Building Information Modeling applied to CE that
has been carried out in recent years at the EAFIT
University and its research group in Construction
Management [30-32, 36] and prototypes, such as the
Virtual Model for the management of the campus of
Universidad Catdlica de Pereira by Professor Tatiana
Sanchez and the Grupo de Investigacion Arquitectura y
Diserio UCP, realize the imminent need for the use of
technologies in the teaching of architecture and civil
engineering. These studies have identified a wide
acceptance of utility and ease in the use of these
technologies, various benefits in the teaching-learning

process for both students and teachers, and a positive
impact on the response to the dynamic and increasingly
demanding market of the construction.

The research process included pretest-posttest con-
trol group designs, which are well suited to investigating
the effects of educational innovations and are common in
educational research [11]. In the case of this article, the
results were analyzed using a change scores analysis, or,
in other words, a repeated measure to test the interaction
between treatment and occasion. As indicated, this
article tests on posttest scores, with pretest scores as a
covariate, to provide a more appropriate and informative
analysis.

2.2 | Mobile applications in CE

Several mobile applications have been implemented in
the field of engineering, architecture, and urban plan-
ning, focused on the educational field [13, 26, 34]. Some
experiences with the development of applications in the
field of architecture have shown that they manage to
train users to obtain a better knowledge about the
physical space in which they are, thanks to the use of
augmented reality that complements the physical envir-
onment by increasing information available during cities
tours [13]. Other experiences in the field of engineering
suggest that learning through mobile technologies (“m-
learning”) has a giant didactic potential and motivates
“digital natives” to learn in a way that is natural for
them [34].

Recent research on the perception of the effectiveness
of education in mobile solutions suggest that when the
educational content is found in a mobile application, very
good results and a positive attitude are obtained
regarding the use of this tool for learning [37]. Some
studies recommend the use of innovative and disruptive
technological strategies that are already available in
learning applications, with the aim of promoting the use
of said application, pointing to the capacity for interven-
tion and communication on digital content [1, 19, 42].

2.3 | M-learning

The fields of knowledge, learning, and teaching today
have had multiple advances in the last decade, and we
find the need for a profound reform of the current
educational systems [35]. The fields of knowledge,
learning, and teaching today have had multiple advances
in the last decade, and we find the need for a profound
reform of the current educational systems [35]. The fields
of knowledge, learning, and teaching have had multiple
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advances in the last decade, finding the need for a
profound reform of the current educational systems [35].
Today, we find multiple methodological approaches such
as computing (robotics, computational thinking, and
artificial intelligence), extended reality (augmented
reality and virtual reality), games (video games, serious
games), and pedagogical tools (EVEA, apps) in educa-
tion. [27].

Within all these methods, an increase in the use of
modern telephone communication devices with their
multiplicity of functions has been demonstrated and seems
to have implications for student achievement [10]. A wide
range of m-learning definitions can be found in the literature
[20, 25], yet they all have the same idea in common: mobile
devices play an important role in learning activities,
irrespective of where such activities are carried out.

Learning with mobile devices, mobile learning, or m-
learning, is based on the use of small portable equipment,
mainly in the activity with advanced cell phones,
smartphones, and tablets or tablet computers. These
devices allow computerized data management and
wireless connectivity for telematic interaction in the
teaching-learning process [15].

3 | METHODS
3.1 | CAMPUS Javeriana mobile app

The construction and engineering processes and in
general the subjects related to the construction

— CAMPUS

P~ o

techniques of the architecture and civil engineering
degree are still being taught in the same way after several
years without taking advantage of the new technologies
already available. The research-creation process ad-
dressed by this project conceives the university campus
as a learning laboratory in constant construction,
through the creation of educational content supported
by innovative means of transmission and immersion, the
technological development of a tool (App), downloadable
in I0S [7] and Android [8], that contains two-way
interaction content with the platform's users. The
application resulting from this process understands and
presents the university campus as a space in constant
physical transformation susceptible to the establishment
of creative learning material through agile formats
designed for the new generations and related to
construction topics linked to the physical evolution of
the university. Some of the contents included are: 360°
videos of micro activities of construction processes,
augmented reality models that allow the user to interact
with the buildings, interactions with virtual reality,
infographics, and detailed photographs, all of the above
with bibliographic (Figure 1).

This mobile application, despite being under con-
struction, has features that allow an ubiquitous, inter-
active, and collaborative platform, through personalized
navigation [40]. In that sense, it allows an exploration of
the campus construction sites, so that the student and the
teacher achieve immersion and experience in the place.
Hence, it is possible to generate knowledge from the
implicit one, overcoming the barriers of explicit

FIGURE 1 Virtual reality (VR) from building information modeling (BIM) model of the public space around the Sciences Faculty

building.
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knowledge transfer described above. The application
supports the cognitive and motivational development of
students and promotes diverse learning sources, from the
campus and from home, encouraging the use of the app
in a convenient way by the user [22]. The technologies
present in the app are Site Videos, Augmented Reality,
Site Photographs, Audio Capsule, Virtual Reality, Inter-
active Images, and Infographic images. Depending on the
architectural and construction processes carried out,
each of the buildings has different visual and auditory
resources. In this sense, it is possible to demonstrate
augmented reality by means of markers located in situ
that allow 3D recognition (Figure 2).

Each construction phase is made up of a consecutive
list of activities that allow the different engineering
processes to be carried out on site, for example a 360°
image that allows to identify the way in which the steel
elements for reinforced concrete are contained and
stored on site. Detailed videos taken from construction
sites were also used to identify the importance of the
concrete polishing process or one used to study the
behavior of steel fibers in reinforced concrete in direct
traction, bending, compression, and modulus, as well as
for the study of seismic rehabilitation of reinforced concrete
of two levels. Other examples are the rehabilitation of

CABINAS

INSONORIZADAS

*

MADERA LAMINADA

MADERA FENOLICA

FIGURE 2 Augmented reality (AR) from in situ localized marker.

= CAMPUS <

Haz clic, activa tu camara y

two-storey earth (heritage) buildings, by identifying
the way in which a structural reinforcement of a
masonry wall is carried out from the anchoring of
electro-welded mesh and brickwork. The app presents
different construction activities (Table A1) categorized
by building's name, modality, construction phase,
micro activity, type of content, and media used in the
content. Buildings are featured in multiple entries
emphasizing construction micro activities including
concrete vibrating, concrete polishing, top-down sys-
tem, facade staking, lifting of beams, steel figured,
structural reinforcement and demolition, electrical and
sanitary networks, among others.

3.2 | Experiment design

This study employs an exploratory descriptive design
focused on quantitative data. Its quasi-experimental
design consists of three phases: pretest, training phase,
and posttest [11]. After obtaining informed consent from
all participants, the pretest phase begins by administer-
ing a questionnaire to assess their initial level of
knowledge and preferences regarding the use of learning
technologies. Next, the control group receives traditional

= CAMPUS

FICHA TECNICA
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L o A
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Conode 3 COMAua0dn ¢ protesd ¢o
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training, while the experimental group is provided access
to a study app. Finally, in the posttest phase, the
questionnaire is administered again to both groups to
evaluate the acquired knowledge and perceptions regard-
ing the use of learning technologies. The group allocation
involved a random assignment of students to control and
experimental groups conducted within each course. A
total of 46 university students majoring in architecture
were recruited for the study (N = 46). Participants come
from three different courses, with specific distributions
for each course and group. The distribution of partici-
pants in each course and group is as follows: course 1: 18
participants, control group: 9 participants, experimental
group: 9 participants; course 2: 16 participants, control
group: 8 participants, experimental group: 8 participants;
course 3: 12 participants, control group: 6 participants,
experimental group: 6 participants.

The instruments used in this study included a pretest
questionnaire, designed with questions related to the
specific learning objectives of each course (Expected
Learning Results), and a posttest questionnaire, similar
to the pretest questionnaire used to assess the knowledge
acquired after the training phase. Additionally, both the
pretest and posttest questionnaires included questions
about the preference and importance of learning
technologies.

The data analysis involved a comparative analysis
conducted between the pretest and posttest results for the
control and experimental groups within each course
using scatter plots. This analysis was performed using the
Jamovi package in R Studio. The evaluation of academic
performance indicators was carried out by collecting
information through targeted questions posed to stu-
dents. This process included assessing their experiences
with the alternative learning method, its benefits in their
learning process, and their perception of effectiveness
compared to traditional methods. The learning gain (LG)
is originally defined as the percentage difference between
post-assessment and pre-assessment results, normalized
regarding the complement of the pre-assessment percen-
tag, expressed by the formula LG = (% postscore — %
prescore)/(100 — % prescore) [18]. To adapt this measure
to the comparative analysis between a control group
following a traditional teaching method and an experi-
mental group using a mobile application, specific
adjustments were made. Instead of considering direct
percentages, the decision was to work with the means of
prescore and post-score results for each group [5].

Thus, the adapted formula is expressed as LG = (%
post — X pre)/X pre, where X post is the mean of all post-
assessment results and X pre is the mean of all pre-
assessment results. This adaptation allows for the
evaluation of the mean growth in learning within each

group based on initial and final assessments, providing a
comparative measure of the traditional method versus
the relative impact of the mobile application.

This adjusted methodology aims to quantify the
relative effectiveness of the mobile application compared
to the traditional method more precisely, considering
averages to mitigate potential individual variations and
emphasizing the average percentage change in learning
over time.

In addition to assessing effectiveness, student percep-
tion about the importance of the alternative method was
measured. Students were asked about their overall level
of importance and whether they would prefer to continue
using this method in the future. A comparison with
traditional methods was conducted to determine the
effectiveness of the alternative method in improving
academic performance. The results obtained with this
method were compared to those of traditional methods,
allowing for an evaluation of whether the alternative
approach had a positive impact on students’ academic
performance.

To ensure the validity of the evaluation, the context in
which the alternative method was implemented was
considered. Factors such as students, available resources,
and the instructor's teaching style were considered, as
they can influence the evaluation results and provide a
comprehensive understanding of the effects of the
alternative approach. A review of common methodo-
logical points was conducted to determine academic
performance indicators in the field of architecture and
building construction. This involved a literature review,
curriculum analysis, identification of key terms, exam-
ination of case studies, and expert interviews.

Expected Learning Results (ELR) of each lesson were
used as a reference for data analysis. The ELRs were
crossed with the information collected during the
teaching evaluation, employing rubrics to objectively
measure students' overall academic performance. Differ-
ent types of evaluations, including multiple-choice
questions, open-ended questions, and categorization
tests, were used to assess various aspects of academic
performance and students' preferences regarding new
technologies.

3.3 | Courses of application

Figure A1l shows the complete architecture curricula and
the location of the three application courses. Construc-
tion processes and Design of finishes are courses from
the Technical emphasis area, while Technology compo-
nent XXI Century Habitat Project is a component in the
Project emphasis area.
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3.3.1 | Construction processes (CON)

The construction process by which a work is done con-
templates a regulation in the plans and specifications of
the work. In the planned program, it has a beginning and
an end, it consumes resources, it is tangible, and
therefore it can be quantified or measured.

The subject “Construction processes” (CON) descrip-
tion is based on the above definitions. The optimal use of
materials, the correct use of labor according to the degree
of complexity of the activity, the necessary equipment to
carry out the construction processes, and the manage-
ment of the construction projects are considered.

1. Based on a single-family housing project or a low
complexity architectural project, the list of work is
made sorting the activities in chapters according to
their function or affinity with their respective unit and
quantity of work.

2. The work specifications are elaborated considering the
description, which answers the question “What is the
activity about?” the methodology, which answers the
question “How is it built?” the materials, “What is it
built with?” the labor, “Who builds it?” the equipment,
“What do you help to build it with?” and finally, the
unit of measurement, “How is the activity measured
and quantified?”.

3. It concludes with the study (unit of measurement,
quantity, and performance) of the resources that make
up an activity.

3.3.1.1 | Sample and test description
We perform the tests to two groups with the character-
istics shown in Table A2.

3.3.1.2 | Expected Learning Results (ELR)
At the end of the semester, the student will be able to:

1. Apply the knowledge to make a list of work with the
supporting tables of the bill of quantities of each of the
activities organized by chapter.

2. Interpret topographic, architectural, and structural plans.

Identify integrally the work specifications.

4. Distinguish the resources an activity consumes, to
control and quantify the necessary materials in the
construction and its processes.

w

3.3.1.3 | Questions

1. The vibrating stage is among the most important
micro-activities of the concrete construction process.
Explain the differences between external vibrating
and immersion vibrating.

2. What are the benefits of using the flexible shaft
internal vibrator in a concrete mix?

3. If the image describes the activity of lifting beams,
explain the activity in your own words using
technical vocabulary, proper names of materials
and equipment, so that an official or construction
worker can understand the activity you are refer-
ring to.

4. Imagine what is to initiate the hoisting of a steel
building structure. Describe the main elements
necessary for the procedure and the personnel you
would need for the lifting of a structural steel beam.

5. Explain what is figured steel.

6. Name what elements/components constitute a steel
reinforcement for an object constructed in reinforced
concrete.

7. According to the wall reinforcement activity, place in
the proper order each of the steps to perform this
construction process. Position in first place the
process by which you would start and then proceed
in its order of execution.

8. What is the main intention of reinforcing an existing
masonry wall with electro welded mesh?

9. According to the activity of applying polyurea and
primer, place in the proper order each of the steps to
perform this construction process. At the beginning,
drag the first process and then proceed in its order of
execution.

10. Explain the construction process performed for the
casting of steel fiber reinforced concrete elements.

11. For a steel fiber concrete casting process, should an
immersion vibrator be used? Choose which of the
options is the most correct.

3.3.2 | Design of Finishes in interior Design
and spaces, social, commercial, and
services (FIN)

The Design of Finishes in Interior Design and spaces,
social, commercial, and services is a course exclusively
aimed at fourth-semester architecture and civil engineer-
ing students at Pontificia Universidad Javeriana in
Bogotd, Colombia. The course focuses on teaching
architectural finishes to transmit materiality as an
integral part of the architectural element.

In developing the work contents, the following topics
are proposed for both individual and teamwork:

- Historical and trend review.

- Customer case study analysis.

- The individual and his interaction with his very close
context.
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- Research on materials.

- Technical specifications -
Obtaining in commerce.

- Globality in the finishing industry—Application—The
benchmark.

- Interior, exterior, special construction processes.

- Costs unitary budget.

- Work in specific spaces of the study object such as
kitchens, bathrooms, or spaces with special finishing
characteristics.

- Technical coordination of finishes.

— The details as the focal point of the finish.

- Presentation, application, results of the challenge
posed with the use of state-of-the-art technologies.

— Finishes in the design of public spaces.

Measurement units -

3.3.2.1 | Sample and test description
The tests were conducted on two groups, as outlined in
Table A3.

This course was tested by multiple choice exams. The
study was developed in the early stages of knowledge
development, and the answers of true and false were
important to understand both principles and concepts.
The test has low literacy skills for an easier
understanding.

In this exam, five questions were asked with the
objective of measuring and comparing the influence of
the use of the application in the student outcomes. In this
sense, the experimental group had the possibility to
develop the posttest evaluation.

3.3.2.2 | Expected Learning Results (ELR)
At the end of the semester, the student will be able to:

1. Foster approaches to determine the stages for the
concrete polishing process, the importance of this
activity, and the tools used for its realization.

2. Evidence the benefits of finishing concrete polishing
in terms of its maintenance and economic viability.

3. Analyze the construction process, materials, and
finishes of the soundproof booths on site.

4. Relate and distinguish the construction processes, as
well as protective implements and equipment for the
application of polyuria and waterproofing. Relate
these aspects with sustainability, chemistry, and
material mechanics.

3.3.2.3 | Pretest and posttest

The pretest and posttest for “The Design of Finishes in
Interior Design and spaces, social, commercial and
services” course was based first on the general expected
learning results (ELR). For each individual content in the
CAMPUS Javeriana mobile app, we analyzed the

relevance of this specific content. At the end, we selected
three contents:

Concrete polishing
Soundproof booth
Square waterproofing

Additionally, due to the level of the course in the
architecture program, all answers are multiple choice.
3.3.2.4 | Questions
1. What are the most important reasons to perform the

concrete polishing process?

2. Which of the following tools is the most efficient for
the concrete polishing process?

3. What are the main benefits of the behavior of polished
concrete in spaces such as building parking lots?

4. Which of the following processes should be done
immediately before applying a polyurea waterproofing?

5. What are the main characteristics of waterproofing
with polyurea?

3.3.3 | Technology component XXI Century
Habitat Project (TEC)

This course is part of the architecture project “XXI
Century Habitat” which aims to analyze and compare
different types of city construction and to understand the
complexity of habitat issues in the twenty-first century
from an integral approach of different components
comprising a project (urban planning, environment,
technical infrastructure, management processes, and
socio-cultural and aesthetic frameworks).

In XXI Century Habitat, students are able to propose
comprehensive design solutions based on the principles
of sustainability, to conceive complex urban-architectural
designs with technological and environmental responses
consistent with the context in which they are inserted and
to develop an ethical position to the asymmetries
generated by the high differences in the habitat condi-
tions of the city, from an equiality perspective.

The course is part of a group of three projects with an
architectural detailing focus, taught in the 6th semester
(out of 10 semesters in total) in the architecture program.

3.3.3.1 | Expected Learning Results
In the technological infrastructure area, we aim to:

- Compare traditional types of structures with non-
conventional types of structural systems identifying
advantages and disadvantages.
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- Analyze the on-site implications of the selection of a
structural system.

- Relate the decision to use certain types of internal
partitions to their construction process according to
their location in space.

- Connect the context and environment of the architec-
tural proposal with the environmental and technolog-
ical solution.

- Argue the selection of a structure and structural
material related to the final finish it provides to a
building.

3.3.3.2 | Sample and test description
The tests were conducted on two groups, as outlined in
Table A4.

3.3.3.3 | Pretest and posttest

The pretest and posttest for “Technology area—XXI
Century Habitat Project” course was based first on the
general expected learning results (ELR) of the XXI
Century Habitat project. For each individual content
in the CAMPUS Javeriana mobile app, we analyzed
the relevance finally selecting the following three
contents:

- Concrete polishing
- Beam lifting
- Wall and plaster reinforcement

Additionally, due to the level of the course in the
architecture program, all answers are open-ended in line
with higher order verbs according to Bloom's taxon-
omy [16].
3.3.3.4 | Questions
1. Explain why you would select a concrete structure

with “exposed concrete” as final finishing.

2. Analyze the possible relationships between the
architectural concept and the decision to leave the
concrete exposed as finishing.

3. When implementing a structural steel system, what
implications should you consider on the construction
site? Name two implications.

4. Compare and describe three substantial differences of
using steel versus concrete on a project.

5. Compare the construction process of a masonry wall
located in a kitchen with built-in furniture and one
located in a circulation hall, highlighting their differences.

6. Evaluate whether you would need to reinforce any
walls in your project and explain the reasons why you
would need to do so.

3.4 | Technology questionary

Additional to all three courses test, a supplementary
questionary was implemented to better understand the
learning experience through different means and tech-
nologies. The questions were designed to measure the
student's perception on the influence of technology in the

usefulness and improvement of their learning
experience.
3.4.1 | Questions

A. Organize the following technologies from most
useful to least useful as they allow you to learn
about construction processes in general:

- Construction site videos

- Construction site photos

- White board explanation

- BIM model: virtual reality

- BIM model: augmented reality

- Power Point presentation

- Interactive image

- Infographic image

- Book

- Podcast

B. Do you agree with the statement “a mobile applica-
tion is a useful tool to learn about construction
related topics™?

C. Based on the answer to the previous question, please
answer: why?

4 | RESULTS

41 | Construction processes (CON)
Table 1 shows the CON course descriptives. The results
of the questions are described in the following section.

1. Among the most important micro-activities of the
concrete construction process is the vibrating stage.
Explain the differences between external vibrating and
immersion vibrating.

The distribution shows a very similar grouping of
students in the rating, especially in the control group.
The experimental group presents a noticeable
improvement (1.50/5.00), so we can conclude a
greater influence of the mobile application in
improving learning.

2. What are the benefits of using the flexible shaft
internal vibrator in a concrete mix?
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TABLE 1 CON course descriptives.

Group Test 1 2 3
Mean Control Pre 1.63 0.00 0.00
Pos 2.00 0.00 0.00
Experimental Pre 1.63 0.00 0.00

Pos 3.13 4.38 4.25

Median Control Pre 2.00 0.00 0.00
Pos 2.50 0.00 0.00
Experimental Pre 1.50 0.00 0.00

Pos 3.50 5.00 4.50

For this question, in the control group, the sample
is maintained in answers that do not meet the
expected learning results for the subject. However,
once the students in the experimental group made use
of the application, there was a notable improvement in
the posttest, going from an insufficient evaluation to
an evaluation of 4.38 on average.

3. If the image describes the activity of lifting beams,
explain the activity in your own words, using technical
vocabulary, proper names of materials and equipment,
so that an official or construction worker can
understand the activity you are referring to.

The distribution shows a very low and similar
grouping of students in the rating, especially in the
control group. However, the experimental group
presents a notorious improvement (4.30/5.00), so we
can conclude a greater influence of the mobile
application in the improvement of learning. The
figure shows that in the control group, the sample is
maintained in answers that do not meet the Expected
Learning Results for the subject.

4. Imagine what is to initiate the hoisting of a
steel building structure. Describe the main elements
necessary for the procedure and the personnel you
would need for the lifting of a structural steel beam.

The control group maintains a positive trend of
the results in the posttest, even though it is a
difference of 0.3 points above on average, while for
the experimental group it is evident that the results
of the students are 2.3 points higher on average than
the pretest.

5. Explain what is figured steel.

The control group shows a slight negative trend in
the posttest results, with a decrease of 0.25 lower
than the pretest results. On the other hand, for the
experimental group, there is an evident improvement
in the results of the students, even surpassing the

4
1.88
2.13
2.25
4.50
1.50
2.00
2.00
5.00
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5 6 7 8 9 10 11
2.00 2.38 2.63 2.50 3.13 0.625 0.500
1.75 2.88 213 3.00 3.13 2.00 0.125
1.50 3.00 1.63 2.50 3.13 1.75 0.125
4.25 4.88 4.00 3.88 3.50 3.00 3.13
2.00 2.00 3.00 4.00 5.00 0.500 0.00
1.50 2.50 2.00 4.00 5.00 2.50 0.00
1.50 3.00 2.00 4.00 5.00 1.50 0.00
4.50 5.00 4.50 4.00 4.00 3.00 5.00

posttest results by 2.8 points above the pretest
average.

. Name what elements/components constitute a steel

reinforcement for an object constructed in reinforced
concrete.

In the case of question 6, the control group
remained very homogeneous, with an almost
imperceptible difference between the pretest and
the posttest. The tendency is maintained indicating
that, for the experimental group, the results of the
posttest evaluations reach outstanding grades, almost
approaching the maximum grade (4.87/5.00).

. According to the wall reinforcement activity, place in

the proper order each of the steps to perform this
construction process. Position in first place the process
by which you would start and then proceed in its order
of execution.

The control group maintains a very similar
average, although it is slightly reduced by 0.5 points
in the posttest results. It is worth noting that once
again the experimental group rises 1.88 points higher
after the use of the mobile app.

. What is the main intention of reinforcing an existing

masonry wall with electrowelded mesh?

Both groups failed the pretest, but for both the
control and experimental groups, favorable results
are obtained with points above in the posttest. In the
experimental group we notice a remarkable improve-
ment of students who fail the pretest but upgrade
after using the application, obtaining grades with an
average of 3.87 as a result.

. According to the activity of applying polyurea and

primer, place in the proper order each of the steps to
perform this construction process. At the beginning,
drag the first process and then proceed in its order of
execution.

An average of 3.1 is obtained in the pretest for
both the control group and the experimental group,
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an average very close to the minimum grade. No
major changes are obtained in the application of the
posttest in both cases. In fact, in the control group,
average remains at the same value and for the
experimental group it rises only 0.4 above the pretest.
10. Explain the construction process performed for the
casting of steel fiber reinforced concrete elements.

As an observation of question 10, the results in
general are very poor in both the pretest and the
posttest. In fact, in most of the variables, the results
do not obtain a passing average with respect to the
question. For the control group, there is a baseline of
0.62 and it rises to 2 once the posttest is performed.
Although in the experimental group a positive
improvement of 1.25 points above the average is
observed.

11. For a steel fiber concrete casting process, should an
immersion vibrator be used? Choose which of the
options is the most correct.

In the case of the previous question and this one, the
results obtained in both groups are very poor. In the case
of the control group, the average even decreases by a few
points before and after the test, but in any case, average
grading does not reach the expected results of this
question. On the other hand, in the case of the
experimental group, there was a notable improvement
in the test once the application was used. In fact,
questions 2, 3, and 11 are the ones where an improve-
ment of more than 3 points is shown in comparison to
the result obtained in the pretest.

Table 2 shows that both questions had a higher
learning gain, followed by questions 4, 5, 7, and 11,
where the percentage is a little lower, however, an
increase is evident. Finally, questions 1, 6, 8, 9, and 10
had the lowest percentages of learning gains. Never-
theless, for all the questions, learning gains are mostly
positive and evident in different proportions.

4.2 | Design of finishes in interior
design and spaces, social, commercial, and
services (FIN)

Table 3 shows the FIN course descriptives. The results of
the questions are described in the following section.

1. What are the most important reasons to perform the
concrete polishing process?

In the pretest, the control and experimental groups
had conceptual gaps regarding the importance of the
process to achieve finishes such as concrete polishing.
When performing the posttest, while the control

TABLE 2 Learning Gain Index per question contrast control and experimental groups (CON).

Question 1 Question 2 Question 3 Question 4 Question 5 Question 6 Question 7 Question 8 Question 9 Question 10 Question 11 Summary

0.0%

0.0% 0.0% 1.1% —0.4%

-1.2%

0.6%

—0.5%

0.0% 0.4%

0.0%

Control

3.0%

1.4% 0.4% 1.3%

2.4%

1.9%

2.8%

4.3% 2.3%

4.4%

Experimental 1.5%
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TABLE 3 FIN course descriptives.
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Descriptive Group Test 1 2 3 4 5
Mean Control Pre 4.33 1.00 2.33 1.00 233
Pos 3.00 5.00 4.33 1.00 3.00
Experimental Pre 3.29 1.57 3.86 1.00 3.86
Pos 5.00 5.00 5.00 2.14 2.71
Median Control Pre 5.00 1.00 1.00 1.00 1.00
Pos 3.00 5.00 1.00 1.00 3.00
Experimental Pre 5.00 1.00 5.00 1.00 5.00
Pos 5.00 5.00 5.00 1.00 1.00

TABLE 4 Learning Gain Index per question contrast control and experimental groups (FIN).

Question 1 Question 2 Question 3 Question 4 Question 5 Summary
Control —1.4% 4.0% 2.0% 0.0% 0.7% I
u
|
Experimental 1.8% 3.5% 1.2% 1.2% —1.2% I
Il -

group continues and even worsened the results, the
experimental group fully improved their understand-
ing of the construction process by studying it from the
CAMPUS Javeriana application, answering that the
most important reason to perform the concrete
polishing process was to Leveling floors for installa-
tion of finishes/Leave the concrete exposed. In the
posttest, the experimental group had 100% accuracy in
their answer.

2. Which of the following tools is the most efficient for the
concrete polishing process?

In both the control and experimental groups, the
basic concepts in terms of construction, which include
basic tools present in a work, are scarce. In this sense,
both groups in the posttest achieve a significant
improvement in their response, since they are
instructed on the tools to achieve finishes such as
polished concrete. Hence, it is evident that the use of
the CAMPUS Javeriana mobile application achieves
the objective of teaching basic concepts of work from
the virtual and alternative experience, providing
students with the answer to the question.

3. What are the main benefits of the behavior of polished
concrete in spaces such as building parking lots?

It is evident that the experimental group achieves
an improvement in terms of the posttest. In this sense,
the group as a whole advances from the control group,
evidencing 100% of the group in the highest grade (5).
The control group, trained by traditional teaching,
also achieves an evident improvement but shows that

some members of the group remain behind and below
average.

4. Which of the following processes should be done
immediately before applying a polyurea waterproofing?

We can notice a small improvement in terms of the

processes of the polyurea waterproofing finish in the
experimental group. Even though the results show a
small variation especially in the experimental posttest
with some correct answers, it is important that in
constructive teaching, which must involve experience
and a more visual tools, the application manages to
generate said cognitive practices from virtuality. In
this sense, it is evident that memorization of
instructional processes is limited and produces results
that do not necessarilly lead to better student under-
standing and learning.

5. What are the main characteristics of waterproofing with
polyurea?

For this question it is not possible to show an
improvement in the results when comparing the pretest
and the posttest for both the control and the experi-
mental groups. In this case, both the traditional teaching
and alternative teaching from the app, show there are
still conceptual gaps regarding simple characterizations
in the construction processes of polished concrete and
waterproofing with polyurea. In this sense, an opportu-
nity is presented to demonstrate, from the mobile
application, the benefits in the behavior of the finish,
since the traditional methods, as evidenced in the graph,
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Descriptive Group Test 1 2 3
Mean Control Pre 391 4.10 4.10
Pos 4.37 4.19 4.09
Experimental Pre 4.27 4.03 3.98
Pos 4.38 3.59 3.79
Median Control Pre 4.00 4.20 4.50
Pos 4.40 4.10 4.50
Experimental Pre 4.20 4.10 3.90
Pos 4.40 4.00 3.80

leave these gaps.From the M-learning point-of-view, it is
possible to impart said processes experientially.

Table 4 shows that there was a learning gain
referred to the use of the mobile application, evident
in the learning gain percentages of the experimental
group. In detail, the table shows that question 2
obtains the highest percentage learning gain, followed
by questions 1, 3, and 4, where a moderate learning
gain is observed, while question 5 shows a loss in the
learning index. In pretest, the control and experi-
mental groups had conceptual gaps in terms of the
importance of the process to achieve finishes such as
concrete polishing. In the posttest, while the control
group continued and even worsened their results, the
experimental group completely improved their under-
standing of the construction process by studying it
from the CAMPUS Javeriana application.

4.3 | Technology component XXI
Century Habitat project (TEC)

Table 5 shows the TEC course descriptives. The results of
the questions are described in the following section:

1. Explain why you would select a concrete structure with
“exposed concrete” as final finishing.

The distribution shows a higher grouping of
students toward an improvement in grading, espe-
cially in the control group (0.46 higher in the posttest).
The experimental group shows a very low improve-
ment (0.11/5.00), therefore we cannot conclude that
the mobile application has a major impact on the
improvement of learning.

2. Analyze the possible relationships between the architec-
tural concept and the decision to leave the concrete
exposed as finishing.

In terms of average, there was a minor improve-
ment in the control group, and a downgrading of 0.44

TABLE 5 TEC course descriptives.

4 5 6

3.84 3.50 3.60
3.84 3.73 2.87
3.74 2.36 2.67
3.64 3.49 3.82
3.90 3.80 3.50
3.90 3.80 2.70
4.00 3.60 2.90
4.00 3.50 3.90

in the experimental group. Once again, the results do
not indicate a significant improvement attributable to
the use of the mobile app.

3. When implementing a structural steel system, what
implications should you consider on the construction
site? Name two implications.

Finally, the control group's grades were distributed
more evenly across different scales, while the experi-
mental group had a major grouping at about 4,00.
However, once again, the average grades decreased in
the experimental group, and the impact of the mobile
app could not be demonstrated.

4. Compare and describe three substantial differences of
using steel versus concrete on a project.

Results of the posttest show a higher distribution of
data; however, the average grading is stable. Results
do not show an improvement in learning after the
mobile app training.

5. Compare the construction process of a masonry wall
located in a kitchen with built-in furniture and one
located in a circulation hall, highlighting their
differences.

These results show an interesting phenomenon,
while data is more distributed in the experimental
pretest group, this distribution is similar in the
posttest, however in this case, the average grading
improves in the control group and the experimen-
tal group. While the control group presents an
improvement of 0.23, the experimental group
presents a higher improvement of 1.13, which can
be considered as a major influence of the app in the
students learning this specific topic.

6. Evaluate whether you would need to reinforce any walls
in your project and explain the reasons why you would
need to do so.

Finally, we can notice a major improvement in
gradings after the training with the mobile app. The
posttest control group has a relatively lower grading
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TABLE 6 Learning Gain Index per question contrast control and experimental groups (TEC).

Test Question 1 Question 2 Question 3
Control 0.5% 0.1% 0.0%
Experimental 0.1% —0.5% —0.2%

(0.73) while the experimental group has a high improve-
ment (1.15). In the final case, the mobile app influences
the students learning in this specific topic.

Table 6 shows learning gains in questions 1, 5, and 6,
while in questions 2, 3, and 4 there is a loss for the
experimental group. In this sense, in questions 2, 3, and 4
it is not possible to demonstrate a learning gain due to
the use of the mobile application for the experimental
group. In this case, it is important to reevaluate the
contents and questionnaires of the mobile application
when used by students in more advanced stages of their
Architecture program and recognize the limitations of
the app for such students.

5 | TECHNOLOGIES IN APP

A. Organize the following technologies from most useful
to least useful as they allow to learn about construction
processes in general.

Figure 3 shows the results of these questions. On
average, all courses have the best ranking assigned to
construction site videos, resulting in a greater
average reliability in this technology compared to
others. However, in the FIN course, the percentage of
students responding “construction site videos”
decreases from pre to posttest, particularly in the
experimental group. This suggest that after the
training, students began to recognize other more
useful technologies. For both the CON and TEC
courses, this percentage goes up in both control and
experimental groups. This can be explained since the
FIN course training included the use of “augmented
reality,” the second technology with the best ranking
for this course, compared to the CON and TEC
courses, that did not use it.

In general, students from the three courses believe
“podcasts”, “books”, and “infographic images” are
the least useful means to learn about construction
processes, in all three courses.

Specific to the CON course, the higher reliability
of the students was assigned to “construction site
videos”, “construction site photos”, and “whiteboard
explanation”. For the FIN course, the best ranked
technologies were “construction site videos”, “BIM
model: augmented reality” and “BIM model: virtual

Question 4 Question 5 Question 6 Summary
0.0% 0.2% ~0.8% o ~nm
—0.1% 1.2% 1.2% |

reality”. For the TEC course, “construction site
videos”, “whiteboard explanation”, and “BIM model:
virtual reality” have the best rankings. After the
noticeable trend of construction site videos, we can
see “whiteboard explanation” has a great ranking in
two courses, considering the students are subjected
to all kinds of media, which demonstrates a powerful
validity of this traditional mean.

B. Do you agree with the statement “a mobile application
is a useful tool to learn about construction related
topics”?

In Figure 4, we can see if students agree with the
usefulness of mobile apps for learning about
construction-related topics. The percentage of stu-
dents agreeing with the questions is stable for both
control and experimental groups, with a low incre-
ment in the experimental group. This is the highest
percentage for both groups. However, the percent-
age of “partially agree” lowers from the pretest to the
posttest, and the percentage of “disagree”
increments.

C. Based on the answer to the previous question, please
answer: why?

In Figure 5, we can see the concepts that both control
and experimental group have in common. In general,
students agree with the statement of the usefulness of
mobile app for construction learning relating to: more,
tool, better, information, application, process, topic, site,
easy, form, and video. On the other side, the control
group further mentions: finishing, knowledge, reality,
app, access, explanation, among others with lower
frequency. Finally, the experimental group additionally
mentions: useful, force (as in labor force), useful,
construction, method, among others with lower
frequency.

Based on the gathered opinions, students expressed
diverse perspectives regarding the use of mobile applica-
tions to learn about construction and architectural
finishes. Some consider these applications useful due to
their ability to display videos, images, and 3D models,
which facilitate understanding and perception of space.
They also highlight the convenience of having quick
access to information anytime, anywhere, as well as the
possibility of having a wide variety of interactive
resources such as PowerPoint presentations and virtual
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reality. However, the importance of having the guidance
and explanation of the teacher for better understanding is
also mentioned, along with the need to combine the use
of applications with practical experiences on-site. While

some students believe that applications can replace the
presence on construction sites, others point out that
these tools should be complementary and supported by

up-to-date and quality content.

Additionally, the
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importance of an intuitive interface and interactive
features to maintain interest and learning is emphasized.
In general, the potential of mobile applications as
learning tools is recognized, but there is an emphasis
on the need for appropriate integration into the
educational methodology and the support and knowl-
edge of professionals in the field of construction.

6 | CONCLUSION

This article analyzes the results obtained from the
performance evaluations of architecture students from
different terms and various construction-related subjects,
based on the quantitative and qualitative analysis of
pretest posttest control and experimental groups using an
app that showcases construction micro activities pro-
cesses through different technologies.

Following the concept of transforming classrooms
into playful and dynamic environments for students has
been a recent trend in many academic institutions
worldwide. The use of new teaching methodologies and
the application of technologies such as BIM, virtual and
augmented reality, and even immersive 360° models pose
a challenge. Teaching construction and structures in
general within architecture and engineering faculties
require a consolidation of theoretical knowledge that can
be applied in subsequent exercises within a project,
thereby acquiring the necessary skills and practical
experience.

This study addresses the implementation of a mobile
application and the design of a virtual platform with
construction-related content using various technologies such
as videos, 360° photos, BIM models, virtual and augmented
reality, and infographics linked to books that deepen
knowledge within the university library. In this app, students
are responsible for their own trajectory within the proposed
content and can control each of the construction micro
processes narrated through different digital and immersive
media from their mobile devices. The main objective of
CAMPUS Javeriana is to enable students, professors, and
researchers to explore building construction processes within
the university campus that are susceptible to understanding
and are also an integration of technology with processes
carried out in a real construction environment. The app
allows for the integration of stakeholders within the
university setting, bringing construction projects closer to
the classroom and implementing innovative solutions with
an aesthetic appearance aligned with the expected learning
results of different construction subjects.

This research also presented quantitative evaluations
of the benefits of technologies in various construction-
related contents and the effectiveness of each technology

on students before and after implementing a knowledge
assessment, especially through learning gain index. The
findings of these tests were collected through students'
responses to online forms (Microsoft Forms) and were
administered to students from three different academic
semesters of the architecture program (second, fourth,
and sixth-eighth terms) during the second semester of
2022, which coincided with the implementation and
launch date of the application.

Based on the tests conducted to answer the research
question RQ1: “How can the combination of alternative
teaching methods and technology improve architecture
and construction students’ understanding and applica-
tion of concepts in the fields of construction and
architecture?”, the following conclusions can be drawn:

Since the students of the CON subject are in the second
semester of the architecture course and traditional teaching
methods were used for the control group, and only for the
experimental group the mobile application was used as a
learning tool, it is concluded that for the whole questionnaire
there is a marked difference of improvement in the
experimental group. Out of the 11 questions, 100% of the
answers were improved, on average 2.3 points higher than
the results obtained in the pretest. This is evidenced also in
the learning gain, where results for the pretest group are
positive for some questions and negative for others, while for
the posttest group all learning gain indexes are positive. This
may be because the students are starting their professional
career and in their first year they still have a lot of knowledge
to learn in the area of construction and technologies. In
general, they were inclined toward the use of construction
site videos in the teaching of a construction subject with
several benefits that could be translated into an improvement
in the performance of the students. The contents asked in
this questionnaire allude to construction site micro-activities
that are generally taught in the classroom through power
point presentations as the student very rarely attends the
construction site. CAMPUS Javeriana becomes the experi-
ential learning tool, since by watching the videos and going
through the content, students can virtually experience the
construction processes, even if they do not have the
opportunity to do it physically. The last two questions of
the questionnaire had a higher level of difficulty as these
dealt with contents not yet deepened within the subject as
first-year students, but having them as contents within the
App, it was decided to include them within the evaluation.
Although they are asked about the usefulness of the audio
capsules for learning construction, a minimum percentage
agrees with the usefulness these can have in learning. In
conclusion, the application proves the effectiveness of using
new technologies in learning construction processes in a
subject such as CON and the micro-activities that make up
these processes on a worksite.
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Regarding the FIN course, the integration of alternative
teaching methods, specifically through the use of the
CAMPUS Javeriana mobile application, has demonstrated
significant improvements in the understanding of the
concrete polishing process among students. The experimen-
tal group, which utilized the application, achieved 100%
accuracy in comprehending the reasons for performing
concrete polishing, while the control group showed limited
improvement. Additionally, the control and experimental
groups initially lacked knowledge regarding the most
efficient tools for achieving polished concrete finishes.
However, after utilizing the CAMPUS Javeriana application,
both groups significantly improved their understanding of
the necessary tools. Furthermore, the experimental group
displayed notable advancements in comprehending the
benefits of polished concrete in spaces like building parking
lots. The posttest results indicated that the experimental
group as a whole achieved a higher level of understanding
compared to the control group, which received traditional
teaching methods. This result is evident in the learning gain
index, where 80% of questions had a positive outcome.
However, it is important to note that some control group
members still lagged behind, highlighting the limitations of
traditional teaching approaches. The experimental group
showed a slight improvement regarding the knowledge of
processes preceding the application of polyurea waterproof-
ing. Although the results were not as significant as in other
areas, the CAMPUS Javeriana application facilitated a more
visual and experiential learning experience, which is crucial
for understanding construction processes. The control and
experimental groups exhibited conceptual gaps in their
understanding of the main characteristics of waterproofing
with polyurea. This suggests that there is room for
improvement in teaching this specific aspect of construction.
However, using the CAMPUS Javeriana application presents
an opportunity to address these gaps and provide a more
comprehensive understanding of the benefits and behavior
of polyurea waterproofing. In conclusion, the combination of
alternative teaching methods, specifically by using the
CAMPUS Javeriana mobile application, has shown promis-
ing results in enhancing architecture and construction
students’ understanding and application of concepts in the
fields of construction and architecture. The application has
proven effective in improving knowledge of concrete
polishing, construction tools, polished concrete benefits,
and certain aspects of waterproofing. However, further
research and refinement of teaching methods are necessary
to address remaining gaps and ensure a comprehensive
understanding of architectural finishes and construction
processes.

In terms of the TEC course, the results are not
conclusive. Four of the six questions have results with no
evidence about a major influence of the mobile app on

the students learning. Only two answers present a high
improvement in the experimental group, that is, after the
training with the CAMPUS Javeriana app. This phenom-
enon can be explained as the students in this course have
greater learning in construction processes and are
already in a stage in their architecture undergraduate
programs where theoretical contents are already covered,
and their focus is on the project's proposal, a greater level
in the Bloom's taxonomy of learning objectives. On the
other hand, the app does not cover any creative or
proactive content or activity, identifying this aspect as a
limitation of the CAMPUS Javeriana mobile app. Future
studies are encouraged to address this issue.

Finally, to answer RQ2: “What are the perceptions of
architecture and construction engineering students consid-
ering technology mediating their learning experience and
how these can impact their learning outcomes?”, in terms of
the questions related to technology use, students’ perceptions
are better for “construction site videos,” and worst for
“podcasts”, “books”, and “infographic images”, to learn
about construction processes, in all three courses. Multi-
media means have a greater ranking compared to the static,
mono-media means, demonstrating a stronger perception in
multi-media means in mobile apps for better learning
outcomes. However, in two out of the three courses,
“whiteboard explanation” was ranked among the first three
more useful technologies, preserving the powerful validity of
this traditional mean. On the other hand, a great percentage
of students agree with the statement “a mobile application is
a useful tool to learn about construction-related topics,” link-
ing this answer to the terms “more”, “tool”, “better”,
“information”, “application,” “process”, among others, high-
lighting the importance of the mobile apps as complemen-
tary tools to up-to-date and quality content.

Going back to the tests results, the use of the mobile
application for learning constructive processes resulted
in a significant increase in the Learning Gain Index of
students, not only from the first academic semesters but
also from courses with more advanced students. Students
who used the mobile application showed an average
improvement in their knowledge and skills related to
constructive processes compared to those who did not
use the application. A positive correlation was observed
between the frequency of app use and an increase in the
Learning Gain Index, suggesting that greater exposure to
the app was associated with greater learning gains. This
is linked to the fact that the app is currently in the
development of its second phase and will be associated
with more academic content relevant to learning
constructive processes where the results of the students
in terms of satisfaction with the mobile application will
be considered, highlighting its ease of use, interactivity,
and relevance to their learning.

<
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The mobile application proved to be an effective tool to
enhance the learning of construction processes among
students by providing an accessible and engaging medium
for the acquisition of knowledge and practical skills, and the
implementation of the mobile application could contribute to
reducing the knowledge gap among students in educational
settings where access to traditional learning resources is
limited. The increase in the Learning Gain index suggests
that the mobile application can potentially improve aca-
demic outcomes and student performance in courses related
to construction, architecture, and engineering.

As future lines of research, our objective is to
incorporate more immersive content within the mobile
application that directly relates to theoretical subjects in
the technical and construction areas, reaching both civil
engineering and architecture students. We suggest to
explore the integration of emerging interface technolo-
gies, such as immersive AR models, real-time monitoring
with digital twins, and procedure tracking with robots on
construction sites, to better understand the impact of
digital technologies in construction education exploring
other trending technologies as they continue to develop.

ACKNOWLEDGMENTS

This research was funded by the Pontificia Universidad
Javeriana Research Vice-Rectory under grant #20297—
for research-creation projects. The authors would like to
thank Professor Juan Cuberos for the conception and
original idea of the project, the Center for Teaching,
Learning, and Evaluation (CAE +E) of the Pontificia
Universidad Javeriana, Colombia, for their assessment
and support of this study, Julidn Buriticd and Leonardo
Saavedra for the collection and organization of the
construction processes data under the architecture
practice program, the Facilities Direction of the Pontifi-
cia Universidad Javeriana for their constant support and
construction information delivery, and all the students
and professors participating on the study.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are
available from the corresponding author upon reasonable
request. The data supporting the findings of this study
are available upon request.

ORCID

Carolina Valbuena-Bermudez
0003-1592-1008

Natalia E. Lozano-Ramirez
4932-675X

http://orcid.org/0000-

http://orcid.org/0000-0003-

Alejandro Serrano-Sierra

http://orcid.org/0009-0005-

5848-2561
César Granados-Leén © http://orcid.org/0000-0002-
1696-1311
REFERENCES
1. J. M. Aguado, I. J. Martinez, and L. Cafiete-Sanz, Tendencias

10.

11.

12.

13.

evolutivas del contenido digital en aplicaciones moviles, El
Profes. Inform. 24 (2015), 787-796. https://doi.org/10.3145/
EPI.2015.NOV.10

J. Aliu and C. Aigbavboa, Reviewing the trends of construction
education research in the last decade: A bibliometric analysis,
Internat. J. Construct. Manage. 23 (2021), 1571-1580. https://
doi.org/10.1080/15623599.2021.1985777

G. Bravo, D. Cifuentes, and R. Villazon, Authoring tools for
KOC—A knowledge repository to teach building construction.
Proc. 4th ICSOFT, DBLP, Sofia, 2009.

G. Campagnol, S. Caffey, M. J. Clayton, K. Glowacki, N. Klein,
J. Kang, and G. Booth, Unreal projects: Using immersive
visualization to learn about distant and historical locales.
Digital Cities, 2020, pp. 279-298. https://doi.org/10.1093/
0S0/9780190498900.003.0014

E. Corral Abad, M. J. Gémez Garcia, E. Diez-Jimenez,
P. M. Moreno-Marcos, and C. Castejon Sisamon, Improving
the learning of engineering students with interactive teaching
applications, Comput. Appl. Eng. Educ. 29 (2021), 1665-1674.
https://doi.org/10.1002/cae.22415

E. Corral Abad, M. J. Gomez Garcia, R. Ruiz Blazquez,
C. Castejon, and J. C. Garcia-Prada, Effects of an android app
on mechanical engineering students, Comput. Appl. Eng. Educ.
26 (2018), 1050-1057. https://doi.org/10.1002/cae.21955

J. Cuberos, C. Valbuena-Bermudez, and N. E. Lozano-Ramirez,
CAMPUS Javeriana I0OS App. https://apps.apple.com/co/app/
campus-javeriana/id1591306355?1=en (accessed 29 June 2023).

J. Cuberos, C. Valbuena-Bermudez, and N. E. Lozano-
Ramirez, CAMPUS Javeriana Android App. https://play.
google.com/store/apps/details?id=com.Javeriana.
Campusjaveriana&hl=es_CO&gl=US (accessed 29 June 2023).
S. Deb, D. W. Carruth, R. Sween, L. Strawderman, and
T. M. Garrison, Efficacy of virtual reality in pedestrian safety
research, Appl. Ergon. 65 (2017), 449-460. https://doi.org/10.
1016/J.APERGO0.2017.03.007

L. De-Marcos, J. R. Hilera, R. Barchino, L. Jiménez, J. J. Martinez,
J. A. Gutiérrez, J. M. Gutiérrez, and S. Oton, An experiment for
improving students performance in secondary and tertiary education
by means of M-learning auto-assessment, Computer. Educ. 55
(2010), 1069-1079. https://doi.org/10.1016/j.compedu.2010.05.003
P. Dugard and J. Todman, Analysis of pre-test-post-test control
group designs in educational research, Educ. Psychol. 15
(1995), 181-198. https://doi.org/10.1080/0144341950150207

S. Eloy, M. S. Dias, P. F. Lopes, and E. Vilar Digital
technologies in architecture and engineering: exploring an
engaged interaction within curricula. Architecture and Design:
Breakthroughs in Research and Practice, IGI Global, 2019, pp.
390-426. https://doi.org/10.4018/978-1-5225-7314-2.CHO14.

S. Eloy, P. F. Lopes, T. M. Pedro, L. Ourique, and L. S. Dias
Mobile Apps for Acting on the Physical Space. In Mobile
Applications and Solutions for Social Inclusion; 1GI Global,
2018, pp. 48-82. ISBN 9781522552703.


http://orcid.org/0000-0003-1592-1008
http://orcid.org/0000-0003-1592-1008
http://orcid.org/0000-0003-4932-675X
http://orcid.org/0000-0003-4932-675X
http://orcid.org/0009-0005-5848-2561
http://orcid.org/0009-0005-5848-2561
http://orcid.org/0000-0002-1696-1311
http://orcid.org/0000-0002-1696-1311
https://doi.org/10.3145/EPI.2015.NOV.10
https://doi.org/10.3145/EPI.2015.NOV.10
https://doi.org/10.1080/15623599.2021.1985777
https://doi.org/10.1080/15623599.2021.1985777
https://doi.org/10.1093/OSO/9780190498900.003.0014
https://doi.org/10.1093/OSO/9780190498900.003.0014
https://doi.org/10.1002/cae.22415
https://doi.org/10.1002/cae.21955
https://apps.apple.com/co/app/campus-javeriana/id1591306355?l=en
https://apps.apple.com/co/app/campus-javeriana/id1591306355?l=en
https://play.google.com/store/apps/details?id=com.Javeriana.Campusjaveriana%26hl=es_CO%26gl=US
https://play.google.com/store/apps/details?id=com.Javeriana.Campusjaveriana%26hl=es_CO%26gl=US
https://play.google.com/store/apps/details?id=com.Javeriana.Campusjaveriana%26hl=es_CO%26gl=US
https://doi.org/10.1016/J.APERGO.2017.03.007
https://doi.org/10.1016/J.APERGO.2017.03.007
https://doi.org/10.1016/j.compedu.2010.05.003
https://doi.org/10.1080/0144341950150207
https://doi.org/10.4018/978-1-5225-7314-2.CH014

VALBUENA-BERMUDEZ Er AL.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

A. Firipis, S. Chandrasekaran, and M. Joordens, Influence of
critical thinking on creativity when using mobile devices for learning,
Asian Education Studies 3 (2018), 40. https://doi.org/10.20849/aes.
v3i2.366

J. Fombona-Cadavieco and M.A. Pascual-Sevillano, Beneficios
del M-learning en la educacién superior benefits of m-learning
in higher education, Educatio Siglo XXI 31 (2013), 211-234.
M. Forehand, Bloom's Taxonomy: Original and Revised,
Emerging perspectives on learning, teaching, and technology
(M. Orey, ed.) 2005.

A. Hajirasouli and S. Banihashemi, Augmented reality in
architecture and construction education: state of the field and
opportunities, Internat. J. Educ. Technol. Higher Educ. 19 (2022),
39. https://doi.org/10.1186/S41239-022-00343-9/FIGURES/9

R. R. Hake, Interactive-engagement versus traditional methods:
A six-thousand-student survey of mechanics test data for
introductory physics courses, Am. J. Phys. 66 (1998), 64-74.
https://doi.org/10.1119/1.18809

Y. C. Hsu, K. Rice, and L. Dawley, Empowering educators with
google's android app inventor: an online workshop in mobile
app design, Br. J. Educ. Technol. 43 (2012), E1-ES5. https://doi.
org/10.1111/J.1467-8535.2011.01241.X

G. J. Hwang and C. C. Tsai, Research trends in mobile and
ubiquitous learning: A review of publications in selected
journals from 2001 to 2010, Br. J. Educ. Technol. 42 (2011),
E65. https://doi.org/10.1111/j.1467-8535.2011.01183.x

M. S. Khudoykulovich and F. Z. X. kizi, Content of the science
of architecture construction and its current status of teaching,
Internat J. Innov. Anal. Emerg. Technol. 1 (2021), 106-114.
M. Lebedeva, M. Taranova, and V. Beketov, Assessment of
academic achievements in M-learning, Educ. Inform. Technol. 28
(2022), 5945-5965. https://doi.org/10.1007/s10639-022-11423-8

M. Y. Leung, Y. Wang, and D. K. K. Chan, Structural surface-
achieving model in the teaching and learning process for
construction engineering students, J. Profession. Issue Eng. Educ.
Pract. 133 (2007), 327-339. https://doi.org/10.1061/(ASCE)1052-
3928(2007)133:4(327)

E. Pacheco, M. Lips, and P. Yoong, Transition 2.0: digital
technologies, higher education, and vision impairment, The
Internet Higher Educ. 37 (2018), 1-10. https://doi.org/10.1016/j.
iheduc.2017.11.001

S. Y. Park, M. W. Nam, and S. B. Cha, University students’
behavioral intention to use mobile learning: evaluating the
technology acceptance model, Proc. Br. J Educ. Technol. 43
(2012), 592-605.

G. Penello Tempordo and A. M. Beltran Pavani, Tailoring
Apps and podcasts for Mobile learning in engineering educa-
tion, INTED Proc., vol. 1, IATED, March 24, 2020, pp.
5203-5208.

P. Prendes Espinosa and F. Cerddn Cartagena, Tecnologias
avanzadas para afrontar el reto de la innovacién educativa,
RIED 24 (2020), 35-53. https://doi.org/10.5944/ried.24.1.28415
C. M. Rodriguez Bernal, Student-centred strategies to integrate
theoretical knowledge into project development within architectural
technology lecture-based modules, Arch. Eng. Design Manage. 13
(2016), 223-242. https://doi.org/10.1080/17452007.2016.1230535
C. M. Rodriguez-Bernal, Plataforma Interactiva Sobre Procesos de
Construcciéon de Elementos Arquitectonicos. In Innovate 330
Investigando la innovacion con TIC en Educacién, A. H. Galvis

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Wl LEY 21 of 31

Panqueva, O. Marifio Drews, and L. A. Osorio Gémez (eds.), 2016;
pp. 60-65.

T. Sanchez Botero Aplicacion de La Realidad Virtual En La
Ensefianza de La Ingenieria de Construccion, Universidad
EAFIT, Medellin, 2014.

T. Sanchez-Botero, and L. F. Botero-Botero, La realidad virtual
inmersa como herramienta de aprendizaje en la arquitectura, la
ingenieria civil y la ingenieria de la construccién, Arquitek, 2017,
pp. 9-19.

T. Sanchez-Botero, E. D'paola-Puche, and L. F. Botero-Botero,
Building information modeling como nueva tecnologia en la
enseflanza de la ingenieria civil, la arquitectura y la
construccién, Arquetipo, 2015, pp. 87-110.

J. R. Sarmiento Guede and A. Barcelé Hernando, El uso de las
tecnologias en la innovacién docente, Dykinson, Madrid, 2020.
I. Simonova and P. Poulova, Mobile Devices and Applications
Enhancing Engineering Education in ESP, Proc. 2016 13th Int.
Conf. Remote Eng. Virtual Instrument., REV 2016, Institute of
Electrical and Electronics Engineers Inc., March 30 2016, pp.
163-167.

J. Valverde-Berrocoso, M. R. Ferndndez-Sanchez, and
M. C. Garrido-Arroyo, El pensamiento computacional y las
nuevas ecologias del aprendizaje, Revista de Educacién a
Distancia (RED), 2015. https://doi.org/10.6018/red/46/3

A. Villegas-Hortal, Realidad virtual en el sector de la
construccion, Universidad EAFIT, Medellin, 2012.

I.S. H. Wai, S. S. Y. Ng, D. K. W. Chiu, K. K. W. Ho, and P. Lo,
Exploring undergraduate students’ usage pattern of mobile apps
for education, J. Librarianship Inform. Sci. 50 (2016), 34-47.
https://doi.org/10.1177/0961000616662699

Y. C. Wu and J. C. Yang, The effects of the social media-based
activities and gaming-based learning in construction educa-
tion, Proc. 2015 IIAI 4th Int. Congress Adv. Appl. Inform.,
IIAI-AAI 2015, Institute of Electrical and Electronics En-
gineers Inc., January 6, 2016, pp. 323-328.

N. S. Zabidin, S. Belayutham, and C. K. I. Che Ibrahim, A
bibliometric analysis of industrial revolution (IR) 4.0 in construction
engineering education, MATEC Web of Conf. 266 (2019), 05006.
https://doi.org/10.1051/MATECCONF/201926605006

S. Zhang, Mobile English learning: an empirical study on an
APP, English fun dubbing, Int. Emerg. Technol. Learn. (iJET)
11 (2016), 4-8. https://doi.org/10.3991/ijet.v11i12.6314

L. Zheng, K. Chen, and W. Lu, Bibliometric analysis of
construction education research from 1982 to 2017,
J. Profession. Issue Eng. Educ. Pract. 145 (2019), 04019005.
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000412

J. M. Zydney and Z. Warner, Mobile apps for science learning:
review of research, Comput. Educ. 94 (2016), 1-17. https://doi.
org/10.1016/J.COMPEDU.2015.11.001

How to cite this article: C. Valbuena-Bermudez,
N. E. Lozano-Ramirez, A. Serrano-Sierra, and C.
Granados-Le6én, CAMPUS: A mobile app for
construction processes learning and teaching in
higher education, Comput. Appl. Eng. Educ. (2024);
€22739. https://doi.org/10.1002/cae.22739


https://doi.org/10.20849/aes.v3i2.366
https://doi.org/10.20849/aes.v3i2.366
https://doi.org/10.1186/S41239-022-00343-9/FIGURES/9
https://doi.org/10.1119/1.18809
https://doi.org/10.1111/J.1467-8535.2011.01241.X
https://doi.org/10.1111/J.1467-8535.2011.01241.X
https://doi.org/10.1111/j.1467-8535.2011.01183.x
https://doi.org/10.1007/s10639-022-11423-8
https://doi.org/10.1061/(ASCE)1052-3928(2007)133:4(327)
https://doi.org/10.1061/(ASCE)1052-3928(2007)133:4(327)
https://doi.org/10.1016/j.iheduc.2017.11.001
https://doi.org/10.1016/j.iheduc.2017.11.001
https://doi.org/10.5944/ried.24.1.28415
https://doi.org/10.1080/17452007.2016.1230535
https://doi.org/10.6018/red/46/3
https://doi.org/10.1177/0961000616662699
https://doi.org/10.1051/MATECCONF/201926605006
https://doi.org/10.3991/ijet.v11i12.6314
https://doi.org/10.1061/(ASCE)EI.1943-5541.0000412
https://doi.org/10.1016/J.COMPEDU.2015.11.001
https://doi.org/10.1016/J.COMPEDU.2015.11.001
https://doi.org/10.1002/cae.22739

VALBUENA-BERMUDEZ ET AL.

WILEY

22 of 31

209€ dATIONIISUOD) Sunyels apedeq SOUSIUI} [eIN)ONIYIIY 9IS UOT)ONIISUOI MIN s3urprmg SZI 'PA 0T

98ewr aanoRIU] aATIONIISUO) Surrayserd rem SOUSIU [eINJONIYIIY 9J1S UONONIISUOD MIN sSurprmg SeuaI) 'pd 61

sorydexdoyuy dATIONIISUOD) (LINF) SI0MI9U [BOIII09[H  SUOTJE[[eISUI pUE SYIOMION 9)IS UONONIISUOD MIN sSurprmg SBIOUdI) 'PH ST

fy1rear payuewsny JATIONIISUOD s[rem JySr1 SOUSIUY [eINIONIYIIY 9IS UONONIISUOD MIN sgurpying SeOUAI) PH LI
yerd

sorydexSoyuy 2ATIONIISUOD) QUIULZZAW JO JUSWIAIONUISY SINJONIS PUE SUOHEPUNO] suonejdepe yrom sSurprmg [enua) ‘pa 91

sorydeadojug QATIONIISUOD IoA®[ Ie}IOW JO uonIjOWa( aseyd Arojeredairg uonIowaq s3urprmg OpBUOP[BIN ST

sorydeidoyuy 9ATIONIISUOD  SYI0MISU AIBJIUBS JO UONR[[BISU] SUONB[[BISUI PUE SYIOMION suonejdepe y1om surprmg ISNH 1

Kyrear pajuowiSny [oPOIN SIYSIAYS SOUSIUI TeIN)ONIYIIY [e91103STH sSurprmg sy €1

Kyrear pajuowiSny [oPOIN y300q Jooidpunos SOUSIUI} [eIN)ONIYIIY [eo1103STH sSurprmg sy ¢I

so[nsdes opny + ,09¢ MIIATIUT V/N V/N [ed1103STH sarenbs o1[qng  oussipmbiy peynoeg 11

(FA) Lresy reniip [9POIN V/N V/N [BJLI0ISTH sorenbs orqng  seUSID ‘pH €IP[0ZE[d 0T

sorydexdojur 159)  urISEd 9J9I0U0D PIJIOJUISI-I]L V/N Sunse) pue sariojeroqe] So110jeI0qR T eomuasul 6

sorydeidoyug 159] Surem 1esays V/N 8unse) pue saLI0jeIoqe] S9110JeI0qE T elomuasuy 8

oFewr aAnjoRIS)UT dATIONIISUOD) orenbs [rews jo Surjoordiayem SOYSIUI TeIN)ONIYIIY suonejdepe yrom sarenbs orqng opleIly L

009€ 9AT)ONIISUO)  I19)se[d pue [[em JO JUSUWISIIOJUISY SOUSIUN [eINJONIYIIY JUSUISIIOJUISI [BINJONIIS sSurprmg OpBRUOPIEIN 9

[9POIN JATIONIISUOD) waIsAS umo doJ, 2INjoNIiS pue SUOEPUNO] Q]IS UOTJONIISUOD MIN s3upring sZrpd S

209€ 2ATIONIISUOD) paInS1g [99)S 9INJONIIS PUEB SUOHIEPUNO] 9)IS UOT)ONIISUOD MIN sSurprmg SEIOURL)  +

009¢€ JATIONIISUOD Surysijod 91010U0) 2INJONIIS PUB SUOIIEPUNO] 9IS UOTJONIISUOD MIN s3urprng sZIpd €

sorydeidoyug 9ATIONIISUOD) sureaq Jo Sumjry SINJONI)S PUB SUONBPUNO] 9IS UOTJONIISUOI MIN s3urprmg SEIOURL) T

sorydexSoyuy 2ATIONIISUOD) SuneIqra 93910U0D  9INJONI)S PUE SUOEPUNO 9J1S UOTIONIISUOD MIN sSurprmg serpd 1

JUIIUO0D JUANU0I Jo IdA]T, AITATIOROIDTIA aseyd uononIIsuo) AnepolN  saderd A10Sare) Suipping  #

9y} ur pasn BIPIJA

‘sueawt s)1 pue dde ur papnour SONIANOROIN TV ATdV.L

"YV-CV dqel, ‘TV 2In3L] ‘TV SI[qel, 99
XIdNdddV



VALBUENA-BERMUDEZ Er AL. 23 of 31
WILEY

CURRICULUM - ARCHITECTURE

CICLE1

Pontificia Universidad

]AVERIANA[ SEMESTER 1 J ( SEMESTER 2 ) ( SEMESTER 3 ) [ SEMESTER 4 J ( SEMESTER 5 J [ SEMESTER 6

—

Bogotd
J U | R/ LS n .
1 4 2 4 3 4 4 4 Integral Integral cgcewor
N Project 1 Project 2 Serninar
; ’ : . b 10 XXI Century Habitat 10
2 2 2
J
————
§]l o)
@) 2
= —
m m
N w
J \ )
® ®
~ ~
Construction 5 Design of > 2] ©w
CONSTRUCTION 2 processes finishes z z
J m m
X ) 3 2
2 2 2 % %
STRUCTURES 2 o %
) J )
s = [ DN D'
2 2 2 [ 2] wv
L ) L ) L ) m m
b4 <
- N\ ~ ~ = =
9 4
2 2 2 2 =] |
o o
L J J J P 3

MANAGEMENT AND
ENTREPRENEURS 2]

_.
~
)

COMPLEMENTARY OPTION 8

FIGURE Al Architecture curricula.



VALBUENA-BERMUDEZ ET AL.

WILEY

24 of 31

'sassao01d sit

"XTUI 9J910U0D puUE UOIONIISUOD Y} UI S[ELId)ewl
® UIYIIM I0JRIqIA [RUIIUI A1eSSo0su 9y} Ajnuenb pue
(XTW 9J2I0U0D © UIYIIM 17eUS 9[qQIX3[} 9y} Sulsn Jo s)ouq [0IIU0D UBD JSIOIAXD [euolssajord
I0JeIqIA TRUIDIUL 3RS S[qQIXI[J oY) 21k 0 JqE 2q [[IM JUIPMIS 9} Ul ey} OS ‘SoWNSU0d AJIANOR
oy} Suisn Jo sijousq oY) AIk JBYA 9yl “Juajuod Surysijod 91910000 3y UJ Ue Jey) S90IN0sal 3y} ysimunsiq $9s59001d UOTIONIISUOD) sasseoo1d it
‘Suneiqia pUE UONONIISUOD 3} UI S[ELIS)jeW
uoIsIoWwI pue Suneiqa Aressaoou ay3 Ajryuenb pue
[EUIIXS UOMIS]q SOUIJIP [OTIU0D UBD 3SIOISXI [euolssajord
oy urerdxy -oSels Suneiqia ‘Suneiqia uoisrowwil pue Juneiqa 9} UI B} OS ‘SOWNSU0I AJIAT)O® Ue
oy} st ssad01d uonONIISUOD [BUIAIXS US2MIQ SIOUIJIP 1R} S90IN0SsaI oY) Ysm3unsiq Y14
912I0U0J dY} JO SANIANOR oy} urerdxa 0} 9[qe 2q [[IM JUIPNIS ‘suoreoyroads oydv.dofur
-oxotwt juelroduwr jsowr 9y Suowry 9y} ‘yujuod Jurysiod 93910U00 Y} UL JI10Mm oY) A[Teidorur AJnuspl $9559001d UOIIONIISUOD) JUIIUOI PIAIRIGIA JI0U0)
uosanQ) s15ay10dCH Y19 d1f1dads 192[qng ATH [e1dudn
A&8ojouyda juauod
A11a1790 UoyINIISUOY
(papud-uadQ :9d£) zomsuy) 3593 NOD
puodsai1 0} sanuIw 09
(dde sniqowr SNJINVD) S[oo3 Suntoddns 7207 1990300 WI9T
dAnjeAOUUT IIM A)1ANOR 309[01d snoradid uoneordde 15913504
puodsa1 03 senuIw 09 7202 ‘1990100 WIST

o1do) ) uo 21n3o9[ snoraaxd oN uoneoridde 3se301g

(19389WI9S PIE 0} pug) SyuapN)s § :9z1s djdures
dnoiS reyuswLadxa NOD

*3}IS UONINISUO0D 3y} I8 A)TAIOR J1j103ds B JO S30IN0SaI pue ‘sassaooid ‘S[erIajewt ‘S[00} SUIA[OAUT $35S9001d UOIONIISUOD JO UONBUR[AXS WOOISSB[D s

puodsa1 03 urur 09
(sej0u preOgAIYM ‘suoneIuasaId 2In3d9] ‘SY00q) 720T 1390300 I9T
sjo03 Sunioddns [euonipen Y £1anoe 109foid snorasig uonedridde 1s911s0d
puodsa1 0y urw 09

++ uoneue[dxs snordig 7207 ‘13903190 YIST
o1do) a3 uo 2In309] snoraadxd oN uoneoridde 39301

(193s9wIas pIg 0} pug) sIU_pMIs ¢T :9zIs s[dwres
dnoi8 jonyuod NOD

'SONISLISIORIRYD §1S9) NOD ¢V H1dV.L



25 of 31

WILEY

VALBUENA-BERMUDEZ Er AL.

(senunuo))

*9J9I0U0D PIADIOJUISI
Ul PajoNIIsu0d 303[qo ue 10y
JUSWIADIOFUIAI [39)S B )NJNISUOD
SJUaUOdWO09/S)USWI[D JeyMm SWEN

‘19931 paingyy st jeym urerdxg

‘wresq 993
[eInIoNNs € Jo Sunji 9y} I10j
pasu pnom noA [puuosiad ay3
pue a1npadoid 9y} 10} Aressadou
SJUSWISTS UTeW Y} QLIS
-armyonns Surpingq e jo Sunsioy
9} 9)eNIUI 0} ST Jeym Surdew]

*0) Surirsgar
918 NoA A1ANdE 9Y) puelsIapun
Ued I9YI0M UOONIISUO0D
Io Terongo ue ey os ‘yuawdmba
pUE S[ELI9JEW JO SOWeU
10doid ‘Arenqesoa [eoruyd9)}
gursn ‘A)1Anoe 9Y) SpIOM UMO
Inok ur urerdxs ‘sureaq Sunji

Jo K1IAT)OR ) SIqQLIOSAp dFewr oY) JT

uonysanQ)

"MIIA 409€
Areyuowa[dwiod © pue 09pIA [eDIUL
9y} YSnoIy) JUSUIdOIOFUISI [99)S
B 9)JM)TISUOD SJUSWSTD YOIYM SUIeU
0) pue pajusurs[dwr aq 03 saysIuY
o) 03 SUIPI0IOE JUSUISOIOFUTISI
[[em IOJ paau oY) djenyead o} dqe
3q [[IM JUSPNIS Y} ‘JUIUIIIOJUISI
19)sed pue [[em Jo JUIU0D Y} U]

"MIIA ,09¢ Areyuawd[duod
B pUE 03pIA [eNIUl 9Y) YSnoIy)

10938 panSy sI Jeym ure[dxa 0} d[qe

3q [[IM JUSPNIS Y} ‘JUSWIIOFUTST
19)serd pue [Jem Jo JUU0D Y} UJ

-orydeaSojur

Areyuowo[duwiod © pue 09pIA [BDIUL
9y} ySnoIy) “ureaq [99)s [BINJONIS
® Jo unjI| oY) I0] Paau pfnom
noK [ouuosiad ay) pue ainpadoid
9} 0] ATeSS909U S)USUIS[D

urew Y} QLIS 03 J[qe 3q [[IM

juswdinbs pue s[erejew JO SSWEU
1odoxd ‘Arejngeooa [eoruyos) Suisn
‘£1AT)OR 9Y) SPIOM UMO IOy} Ul
ure[dxa pue ‘Wo)sAs [39)S [eINIONI)S
B JO UONJ3[s 3y} Jo suonedrdurr
9)1S-UO 9y} dzATeUR 0) 9[qE o [[IM

JUapNIS Y} JuUSIU0d SUNJI] Weaq Y} uJ

s15ay10dCH

'sassao01d it

pUE UOIIONIISUOD 3} UT S[eIId)e

A1essadou ay3 Ajryuenb pue

[OIIUO0D UBD JSIOIdXS [euolssajoId

3 UI Jey) OS ‘SOWNSU0I AJIAT}OR
ue Jey) $90I1n0sa1 Ay ysm3aunsiq

'Suo1yeoIoads
JIom Y} A[reidajur AJnuapl

‘19)ded Aq SINIAIOR Y} JO YOed
Jo 310 JO sennuenb a1y Jo sI[qe)
Sunaioddns ay) yIm y1om jo

JUAPNIS Y} YUIU0D JUNJI[ Weaq ay) U] ISI[ ® el 0} d3pajmouy ay3 Addy

'$9ss9001d S31

pUE UONONIISUOD 3} UI S[RIIS)e

Aressaoau ay3 Ajuenb pue

[OIIUOD UED JSIOIAXS [euoIssajord

9} UT Jey) OS ‘SAWNSUO0I AJIATIOR
Ue JBY) S90IN0SAI 3y ysmunsiq

Y14 2y1dads

“JI0MIWIRI] J1}aISoR
pUB [eINI[NJ-0100S PUB $3s59001d
juswageURW ‘9INJONIISBIFUT
[e21UTD9) “JUSTUOIIAUD
‘Guruuerd ueqin 9osfoxd oy
Jo syuauoduwIod JUSIJIP Y} WOoIf
yoeoidde Teidajur ue uo paseq
Amyuad ISTZ 9Y) UI SINssT JeIIqey
Jo Axardwros ay3 puejsIopun of, :Y'TH
Mma1a 409
paun3yf 19218

$s9001d UOT}ONIISUOD
- SQUSIUL [BINJONIYITY

SOUSIUN U0 d0USN[Jul

SJI pUE JUSWIDIOFUIT

‘ss9001d TONONIISUOD
—suonned rorejuy

$9s89001d TOTONIISUOD
— $9INJONIIS [9931S

aanoadsiad £nba
ue woij ‘A0 9y} Jo SUONIPuOd
JeJIQeY Sy} UI S30UAISHIP Y31y
oy} Aq pIjeIouasd SILIOWWASE 9Y)
03 uonisod [edry3e ue do[aasp o, :TH
arydo.dofur
3unfi] woag

sassaooxd UonoNIISuod
—S3INn3jdNas 199315

12[qng ATA [eIUdD
AZojouydauajuod

A&31a1190 UoyONLISUOD

(papusa-uadQ :2d£y 1omsuy) 1531 NOD

(ponunuo)) zV AT14V.L



VALBUENA-BERMUDEZ ET AL.

-oydeadoyur Areyusuroiduiod ©

PUE 03PIA [ENIUT 3} YSNOIY) ‘SIUSWIID

9)2I0U0D PIDIOJUIRI IqT [99)S

Jo Sunsed oy 10§ pauwrioprad ssaooxd

2ATONIISUOD 3 Ure[dxa 0} J[qe aq
MM JUSPMIS Y)Y JUIU0D SUTISED 9)IOU0D
PpadIojuIal 1qig 9y} Ul

*}091100 Jsowt 3y} st suondo ay3 Jo

YOIYM 3S00Y)) (Pasn 3q I0jeIqIA
UOISISWWI UE PINOYs ‘ssa001d
Sunseo 9)010U00 19q1Y [993S B 10,

‘suoneoyroads

JI0m 9y} Afreadeur Anuapy ‘§59001d UOIONIISUOD

-oydeadoyur Areyusuroiduiod ©

PUE O3PIA [ENIUT 9} YSNOIY) ‘SIUSWII[D

9)2I0U0D PIDIOJUIRI I3qT [99)S

Jo Sunsed oy 10§ pawrioprad ssaooxd

2ATONIISUOD ) Ure[dxa 0} J[qe aq
MM JUSPMIS Y)Y YUSIU0D SUTISED 9)IOU0D ) UT Jey} OS ‘SOWNSU0I AJIATIOR

PadIOJUISI 19q1] Y3 UT ue Jet) $92IN0sal Ay} ysm3unsiq

's9ssa001d S31

PUE UOINIISUOD S} UT S[RIIS)B
A1essadou ay3 Ajryuenb pue
[OIIUO0D UBD JSIOIAXS [euoIssajoId

*SJUSWIO

9J9I0U0 PIdIOJUISI I9qI)

19938 Jo Sunsed oY) 10J paurrojrad
$s9001d 9ATIONIISUOD JY) ure[dxq

aydo.dofur
Sunsvo aja.10u00

‘ss9001d UOT}ONIISUOD paduofutad 4aq1q

"UOTINIIXI JO ISPIO SII Ul paddoxd
uay) pue ssad01d ISITy o)

geip Suruuidaq ay) 1v "ssodoid
UOT}ONIISU0D SIY) wrroyrad

-oewr aanoBIS)UT

[enmar 9y} ysnoay) ‘ssadoid
uonoNIISuod s1yy urroyrad o3 sdoys ‘19)deyd Aq SOT)IATIOR Y} JO YOBd
0} sdajs a3 Jo yoes 1opio radoxd 93 Jo yoea 1opio 1adoxd ayy ur aoerd Jo j10Mm Jo sannuenb ay) Jo s9[qe)
oy3 ur aoerd ‘rownid pue eainkjod 0] 9[qe 2q [[IM Juapnjs dY} ‘sarenbs Gunaoddns o) yIm j1om jo

Suifrdde jJo £1anoe a3 03 Surpiodoy  [rews jo Sujooidisiem Jo JUIUOD Y} U]  ISI] B oxeuwr 0} dFpapmouyy oy A[ddy

a3owi1 aA1JoDAIUT

‘ss9001d UOT}ONIISUOD saaonbs 1pous fo Surfooadiaipm

"MIIA ,09¢ Arejuawd[duod

B pUE 03pIA [eNIUI 9}

ySnoiyy ‘pajustuardwil 8q 03 SAYSIUY
a1} 03 SUIPIOIIE JUSUISOIOFUIST “19)deyd Aq SONIAIIOR U} JO OB
[[eM IOJ paau oY) )enyeAd 0} J[qe Jo 3I0M JO sennyuenb a1y Jo sI[qe)
3q [[IM JUIPNIS ) ‘JUSWIDIOFUIST Sunioddns o) yIm JYI0M JO

I9)se[d pue [[em JO JUJUOD Y} U] ISI[ B el 0} 3Fpajmouy oy} Addy

{USOUW PIP[OMOIIIR M [[em
Aruosewr Sunsixe ue JuIdIOJUISI

JO UONU)UT UTeW Y} ST JBYM ‘ss9001d TONONIISUOD

WILEY

26 of 31

"UOIINJAXA JO J9PIO SII Ul
Pa9o01d UaY) pue JIe)s pinom nok
yorym Aq ssaooid oy ooed 3811}
ur 90e[q "sse201d UonONISUOI
siy) wroyrad 03 sdais oyl Jo yoes
19pi0 1adoid oy ur doe[d ‘Aanoe

JUSWIDDIOFUTSI [[eM ) 03 SUIPIOdDY

uonysanQ)

“MIIA 09

Areyuswojduwiod & pue 03PIA [enIUL
) ySnoryy “ssad01d UORONISUOD
s1y3 wiroyiad o3 sdejs o) Jo yoea
19pio 1adoid ayy ur aoe[d 03 J[qe
3q [[IM JUIPNIS ) ‘JUSWIDIOFUIT

19)serd pue [em JO JUU0D Y} UJ

s15ay10dCH

*SuUON}eoIoads
JIom ) A[eidajur AJnuspy

Y14 2y1dads

$59001d UONONIISUOD

102[qng

mala ,09¢
JuauIdI0fu1a4 1IPM

ATH [e1d3uan
AZojouydauajuod
47101390 UO1IINAISUOD

(papud-uadQ :9d£) zamsuy) 3593 NOD

(ponunuo)) zV AT14V.L



VALBUENA-BERMUDEZ Er AL.

Wl LEY 27 of 31

TABLE A3 FIN tests characteristics.

FIN control group
Sample size: 13 students (3rd to 4th semester)

Pretest application
6th October, 2022

No previous lecture on the topic
20-30 min to respond

Posttest application
8th October, 2022

Previous project activity with traditional supporting tools (books,
lecture presentations, whiteboard notes)
30-45 min to respond

FIN experimental group
Sample size: 13 students (3rd to 4th semester)

Pretest application
6th October, 2022

No previous lecture on the topic
20-30 min to respond

Posttest application
8th October, 2022

Previous project activity with innovative supporting tools
(CAMPUS Javeriana mobile app)

FIN test (Answer type: Multiple choice)
Construction activity

content General ELR Subject

Concrete polishing 360° view and  Foundation and
infographics

ELR: Formulate approaches at the
level of constructive detail in
plan and elevation, in which
students give an account of the
understanding of the different
systems and processes that are
involved in the coating of an
architectural project, without

structures

neglecting the economic
feasibility and use of
technologies appropriate to the

proposal.
Architectural finishes
Soundproof booth Structures and
Augmented reality (AR) finishes—
ELR: Differentiate the multiple construction
possibilities in the use of processes

30-45 min to respond

Specific ELR

Foment approaches to determine
which are the stages for the
elaboration of the concrete
polishing process, the
importance of this activity and
the tools used for its realization.

Evidence of what are the benefits

of finishing concrete polishing
in terms of its maintenance and
economic viability.

Analyze the construction process,

materials and finishes of the
soundproof booths on site.

Hypothesis

In the content of concrete
polishing, the student will be
able to determine the
importance of concrete
polishing within the
construction stage of
architectural finishes and
identify the inputs associated
with its execution through the
initial video and a 360
photograph and explanatory
infographics.

Questions:

1. What are the most important
reasons to perform the concrete
polishing process?

2. Which of the following tools is
the most efficient for the
concrete polishing process?

The student will be able to identify
the qualities of architectural
finishes, in terms of durability,
cost and benefits. This will
incorporate the finish as part of
the architectural project in an
integral way.

Questions:

1. What are the main benefits of
the behavior of polished
concrete in spaces such as
building parking lots?

In the content of soundproofing of
spaces, the student will be able
to identify the parts,
components and materials that

(Continues)
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TABLE A3 (Continued)

FIN test (Answer type: Multiple choice)
Construction activity

content General ELR Subject Specific ELR Hypothesis

materials and design a
comprehensive architectural
proposal that provides solutions
to the particular problems of
each object of study.

Square waterproofing
Infographic
ELR: Distinguish the operation of

architectural finishes from a
historical and cultural journey,
and the understanding of the
physical, chemical, mechanical,
technological, sensory and
ecological characteristics of the
materials. In the same wayj, it
will be done from an assessment
of use, place and appearance.

Structures and
finishes—
construction
processes

Relate and distinguish the
construction processes, as well
as protective implements and
equipment for the application
of polyuria and waterproofing.
Relate these aspects with
sustainability, chemistry and
material mechanics.

allow to acoustically isolate a
space through augmented
reality.

Question:

Draw below the section of a wall of
a music booth, considering the
following materials that are in a
random order:

-Freshhouse —20 caliber gauge
stainless steel studs

—5/8” gypsum sheet

-Gypsum panel covered with
textile

-Wood panels

-GRC panel

-Superboard sheet 9 mm

The student will identify the
materials, equipment, tools,
personal protection elements
and labor that is needed for this
construction process and will
know which are the phases for
the correct application of the
primer and the polyuria on the
mortar cake to be able to
waterproof the square through
an initial video and explanatory
infographics.

Questions:

1. Which of the following processes
should be done immediately
before applying a polyuria
waterproofing?

2. What are the main
characteristics of waterproofing
with polyuria?
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