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a b s t r a c t

The main objective of this study was to assess the degree of students’ adaptation to two types of courses
on applications of architectural spatial representation. With the same semester lengths, the first proposal
involved lectures on 4e5 applications, whereas the second covered approximately 20 applications, all of
which were focused on the three-dimensional (3D) representation of the architectural project. Both
proposals were based on applications and technological innovations that allow better use of active
learning, which is the basis of architectural education. After an initial study of the students’ profiles and
motivations, both courses were implemented (throughout the 2014e2015 academic year), and quanti-
tative and qualitative data were collected. This mixed approach provided us with a better understanding
of the results of students’ motivation and satisfaction. It also allowed us to evaluate the extent to which
they adapted to the designed proposals and how our proposal affected the pace and number of the
applications presented throughout the two courses.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Information and communications technologies (ICTs) have
revolutionized our society and, consequently, education (Dede,
2000). Currently, the ways we communicate, consult the news,
watch television or simply play have been changing and adapting to
new devices and applications that mostly involve characteristics
such as mobility, interaction and interconnection. Nonetheless, in
different areas of knowledge, education has failed to adapt to these
changes. It is still easy, if not common, to find examples of the
traditional class or lecture class being presented as the predomi-
nant system. In such cases, this problem can be magnified because
the student is no longer a traditional student but rather exactly the
contrary: he/she has been born into a “digital age”. As a “digital
native” (Bennett, Maton, & Kervin, 2008), he/she is capable of
adapting and quickly using all types of devices and applications for
his/her own purposes, and not using these can negatively influence
his/her attention and comprehension.

From our initial assumption, the two hypotheses that we

investigated in our work are clear. On the one hand, we evaluated
the degree of adaptation (which was assumed to be high) of a
“digital native” to a steady stream of technological elements
applied to his/her education. On the other hand, we evaluated
whether the implementation of new educational models based on
the use of new visualization technologies would generate greater
motivation/satisfaction in the student, and we evaluated the effects
of a system based on a high density of superficial explanations
compared with a much more detailed traditional system. The
validation of these hypotheses, together with the results from
various previous studies (Fonseca, Martí, Redondo, Navarro, &
S�anchez, 2014; Redondo, Fonseca, Gim�enez, Santana, & Navarro,
2012), will allow us to confirm that an improvement in motiva-
tion leads to greater academic achievement in the student and,
consequently, his/her preparation for the professional world. In
particular, we believe it is important to continue generating
knowledge about the technological behavior of the student in light
of teaching innovations. As mentioned before, there are increasing
innovations in education, and they are being applied broadly but, in
many cases, improperly (Rodriguez-Izquierdo, 2010). Not every
educational innovation that necessitates the use of technology in-
volves educational improvement, and undoubtedly, the student’s
behavior is a key factor that should be controlled for (Liljequist &
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Renk, 2007).
The scope of the work in which this educational project was

designed was limited to coursework for the degree in architecture.
This degree and its implementation in Spain is paradigmatic within
the European Higher Education Area (EHEA) for various reasons: It
was designed as a 6-year degree (12 semesters, much longer than
traditional degrees, which require 3 or 4 years with 6e8 semes-
ters); it has a high number of professors of advanced age in all of its
departments; and in recent years, new building regulations and
project approvals have required the incorporation of technical el-
ements only available using very specific applications and with
little training throughout the degree. Therefore, we can state that
due to the teaching and research experience of the teaching faculty,
a student who completes this degree has high competence in the
most traditional aspects of architecture and construction, such as
those regarding structures, installations, urban planning, materials,
and project design (Aguilar, 2004; ÅKerlind, 2003). The student,
however, has great deficiencies in producing three-dimensional
(3D) content that enables the interactive visualization of a project
and, thus, a better presentation of thework, which corresponds to a
digital divide that increases with age (Maroto, 2007). These skills
are especially important in the professional field of architecture
because the ability to explain a project and adequately convey ideas
to a final client are undoubtedly variables that impact validity in
any project (Bouchlaghem, Shang, Whyte, & Ganah, 2005).

As has been argued and to improve skills in the 3D represen-
tation of architectural projects, two courses with different meth-
odologies were designed using a Project-Based Learning (PBL)
approach. This approach involves producing a real presentation of a
selected architectural project, one of the competencies and skills
that students with the degree should actively possess (Banerjee &
Graaff, 1996; Maitland, 1997). In one of the proposals, the charac-
teristics of 4e5 applications were explored in depth, whereas the
other proposal involved the use of many more applications and
devices (approximately 20), with the very specific selection of the
most useful aspects for the project’s representation. Whereas the
first method involves a moderate pace of explanation, the second
proposes extracting the most useful and practical elements from
each system for a workflow that is much faster and focused on the
final deliverable. Logically, for the second method, it is assumed
that greater stress in the student should not influence the degree of
motivation, whereas for the first case, the opposite may occur: if a
student’s motivation is high, a slow workflow can produce
boredom and the opposite of the desired effect: a lack of
motivation.

To analyze the proposed methods and assess the degree to
which they were accepted, we used a formula for data extraction
that was previously validated in other educational studies in the
same field (Fonseca, Redondo, & Villagrasa, 2015; Fonseca, Valls,
Redondo, & Villagrasa, 2016) . An initial pre-test was conducted
to obtain the student’s profile and starting level of motivation/
knowledge about the use of selected technologies. At the end of the
course, a post-test was conducted to assess the level of satisfaction
and completed use of each system, and a personal interview was
conducted using the Bipolar Laddering (BLA) technique (Pifarr�e &
Tomico, 2007), which allows us to identify and quantify the
strong and weak points of the proposed methods. The current
proposal has a clear line of continuation in future iterations because
it reveals correlations between statistical results and final grades in
away that allows us to evaluate the relationships between different
variables in the study and the student’s improvement. This pro-
posal also allows us to form conclusions in the future that can be
extrapolated and validated in other areas of knowledge. Likewise,
the mixed approach will allow us to extract data and identify
noteworthy and adaptable aspects in future iterations of the

proposed system.

2. Literature review

2.1. ICTs in education

As previously described, there are numerous examples from
recent years of the incorporation of all types of applications and
systems into classrooms at all educational levels to improve
teaching, especially to improve student motivation. In preschool
and early childhood education, the use of digital chalkboards and
very basic web applications are enabling new ways to teach sub-
jects such as math, languages, and science (Beauchamp &
Parkinson, 2008; Freeman et al., 2014). In primary school, the
increasingly complex use of computers and applications, which
recently has even included the programming of robots, are in-
novations that directly impact the attention and comprehension
levels of students, where the technological and social profiles of the
student begin to illuminate the final answer (Volman, van Eck,
Heemskerk & Kuiper, 2005; Petre & Price, 2004). Beginning in
secondary school, there is a challenge to incorporatemobile devices
belonging to students, such as smartphones and tablets, into
educational use through collaborative practices (and even gaming
methods) that complement their social use (Leask& Pachler, 2013).

In conclusion, when current students reach a new grade level,
they typically are experts not only in the use of all types of com-
puter applications but also in the use of ubiquitous systems of
work; at least, this is assumed of them (Margaryan, Littlejohn &
Vojt, 2011; Pereira, Martins, Gonçalves & Santos, 2014). In any
case, educators should take advantage of students’ digital profi-
ciency and incorporate it into academic plans to avoid a genera-
tional gap in terms of course contents, teachers and, ultimately,
education in general.

The use of ICTs in educational methods is defined in the
curricula of many undergraduate and master’s degrees, including
the architecture degree, the focus of this study (Rabee Reffat, 2007;
Sariyildiz & Van der Veer, 1998; Tinio, 2003). These descriptions
indicate that the student be able to acquire both personal and
collaborative competencies and skills related to active learning, as
well as informationmanagement, through applications and devices
that enable the adoption of PBL. These methods should allow stu-
dents to work using specific and effective roles much more quickly
than with traditional systems and should be able to apply them in
their work environment in the future. For all of these reasons, it is
necessary to propose and implement new methods through a PBL
system, including the use of appropriate technologies that enable
the student to more optimally dedicate him/herself to project and
time management.

The adaptation of contents and their applications to ubiquitous
learning in the fields of architecture, construction and urban
design, all focusing on the student and his/her levels of motivation
and satisfaction, has been studied quite recently (S�anchez,
Redondo, & Fonseca, 2015). Typically, studies focused on evalu-
ating pedagogical innovations and student response have been
focused on pre-university education, particularly in fields such as
science and math (Cota, Thomaschewski, Schrepp, & Gonçalves,
2014; Freeman et al., 2014; Shen, Liu, & Wang, 2013). In areas
such as architecture, research has traditionally focused on the
student’s ability to design projects. This focus is based on the
requirement that these projects comply with new digital standards
when testing the need to incorporate new teaching systems that
respond to this demand because a good project can be invalid if it
does not meet the imposed standards of presentation and
visualization.
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