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Featured Application: This approach allows the assessment of building information modeling
(BIM) implementation in the formal teaching system, taking into account the student perceptions
of BIM in the engineering project course.

Abstract: The building information modeling (BIM) methodology is becoming a mandatory
requirement in the development of projects within the world context. Consequently, technical
schools have been introducing BIM in their curricula. The present study aims to evaluate student
perceptions concerning the advantages and difficulties of incorporating BIM into the formal teaching
system as part of the degree in industrial engineering. Students” understanding and satisfaction were
analyzed while using BIM in the development of the practical component of a didactic industrial
project. The evaluation was based on a Likert survey with five levels, and the results were interpreted
using a factor analysis and ascending hierarchical classification. To identify possible relationships
between student satisfaction with the BIM implementation and the factors obtained, a multiple
regression analysis was performed. It was determined that students have a high perception of BIM
utility and consider the use of the BIM tool that is intuitive and easy to learn, including during the
autonomous learning process. The results show a direct correlation between the benefits of BIM
implementation in industrial projects and the advantages of defining teamwork within collaborative
projects. The incorporation of BIM as a mandatory subject in the industrial engineering curriculum
appears to be successful, and the results are encouraging.

Keywords: BIM; engineering standards; collaborative learning; multidisciplinary design; industrial
engineering; project engineering

1. Introduction

The USA organizations of the National Building Information Modeling Standards (NBIMS)
and the Associated General Contractors of America (AGC) define “Building Information Modeling
(BIM) as a technology and a process: the technology component helps to visualize what is to be
built in a simulated environment and the process aspect enables close collaboration and encourages
integration of the roles of all stakeholders on a project” [1]. BIM allows a better understanding of
project modeling and implementation from a global perspective, involving all industrial engineering
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teams and creating an opportunity in which each specialist can provide great value. The transition from
drafting 2D projects to a BIM platform is not just a technical update. The BIM teaching experience in
construction engineering and management suggests the need to focus on BIM learning as an improved
methodology [2,3].

BIM is a collaborative work methodology. The work methodology is based on a central 3D
model that contains all engineering project data. According to the diagram of Mark Bew and Mervyn
Richards, four levels of BIM maturity are distinguished (0-3 levels): Level 0: Two-dimensional (2D)
model; information is primarily paper-based; no collaborative work. Level 1: Three-dimensional
(3D) model; digital information; poor collaborative work. Level 2: Starter level of BIM; 3D model;
digital information; model without a completed database; more collaborative work. Level 3: 3D
model (a single model); digital information; model with a completed, fully integrated database; fully
collaborative work [4,5].

The construction industry has experimented with rapidly changing technology and supported
constant advances, refinements or improvements from a wide range of work or platform methodologies
for collaborative projects that are mainly reinforced by the BIM methodology. To remain competitive in
business, companies are urged to try professional approaches that demand brand new knowledge and
skillsets, namely, BIM. There is an interest in learning the BIM methodology and a range of applications
in all paths that lead to industrial and manufacturing sectors. As Bozoglu notes, knowledge of BIM
should begin at the academy [6]. Schools have a commitment to education, and recently, BIM has been
introduced in technical curricular programs. The implementation of BIM has become a dynamic aspect
of university education and subsequent professional development.

The academic reality confirms a substantial improvement in the adoption and application of
BIM in educational settings. However, the professional community advances more rapidly than the
academic community. Currently, a gap has been confirmed between the rapid growth of the labor
market in relation to BIM and the incentives needed to encourage teachers to update their skills with
BIM and transmit them to students. One of the primary issues in incorporating BIM into engineering
education is to make educators aware of various BIM utilization aspects and encourage them to
find possible solutions for optimizing BIM use in their existing courses. Additionally, contact with
the industry is mandatory for this purpose. However, there are still various major barriers to the
implementation of BIM in educational settings, and the traditional way of teaching is one of them.
Consequently, a broader and more proactive association involving all the relevant areas could be the
solution for advancing BIM education and talent acquisition in architecture, engineering, and the
construction industry [7-10].

However, the present lack of skilled BIM educators calls for educating the educators and thus
acquainting them with the BIM processes, concepts and technologies. The capability of higher
education to keep up with the changing expectations of competency from industry partners imposes
the aforementioned rapid development within formal academia as well as educational solutions from
outside the education system.

Different reports focused to a greater or lesser extent on industry needs show a growing interest
in BIM implementation in university education [7-15]. Currently, there is a clear interest in BIM
implementation in Europe that has been motivated by the implementation of directives established by
the Council of the European Union and European Parliament (Directive 2014/24/EU).

From the results of Adamu and Thorpe’s study [16], it can be deduced that BIM training requires
long-term vision, leadership, and cooperation in the academic environment. In their study, they
employed a feedback mechanism to capture student experiences with respect to their BIMLOs,
access to facilities, and the effectiveness of guided autonomous learning through internet video
tutorials, and they advised other institutions to consider this approach to achieve multidisciplinary
integration of BIM in their curriculum. In Spain, different universities are developing implementation
systems in their curricula for degrees in construction engineering and architecture [17-20] and in
industrial engineering [21-24]. Forty-seven percent of engineering schools are currently incorporating
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BIM training programs into their undergraduate and postgraduate degrees, representing 12% of all
training programs in architecture, civil engineering, industrial engineering, and building/technical
architecture [25].

Mainly at the Polytechnic University of Madrid, the school of architecture offers a specialization
course in continuing education concerning the BIM methodology that is part of a master’s degree in
construction and facility management, with the objective of training professionals in the application
of the BIM; it covers all lifecycles of a building from project to work execution and exploitation,
including the BIM software (Navisworks, ArchiCAD, Allplan and AECOsim) training and information
management needs in multitasking. Concerning civil engineering, the Polytechnic University offers a
smart construction/BIM unit within the project management field that allows students to exchange and
interconnect with international work based in BIM; namely, the unit addresses the management of BIM
models and interference detection in follow-up work, monitoring, implementation and workflows [26].
At the University of Lisbon, in the integrated master’s degree in civil engineering, an initiation to the
BIM concept and practice is introduced during the bachelor’s cycle in the computer-aided drawing
unit, but at this early stage, only the generation of the architectural and structural components of a BIM
model (Revit) is taught. In addition, the department offers short courses in continuous training and
workshops for students within a forum setting. Numerous MSc theses using the BIM methodology
have been developed over the past 10 years on a wide range of topics [27].

Different authors have promoted a collaborative environment for introducing BIM into
undergraduate and postgraduate courses, with some success [12,18,19,28-30]. However, most
documented cases of the academic implementation of BIM focus primarily on the implementation
strategy [29], the tools in use [30], or the industry’s perception of this implementation in the university
setting [31-39], with relatively few studies on students’ perceptions of this implementation [40—44].
The present study analyses the implementation of BIM within a collaborative learning methodology
for curriculum subjects at an industrial engineering school. The research is mainly focused on student
perceptions while using BIM to develop an industrial technology project.

2. Materials and Methods

The strategy followed in the present didactic experiment, which was applied in the industrial
engineering program at a school of industrial engineering to incorporate BIM into technical projects,
is based on the collaborative learning methodology. As such, the adaptation of the BIM methodology
for training in technical projects towards different degrees in industrial engineering has been proposed
in two phases [45] (Figure 1).

Phase 1 The basic technical project subject was developed as part of the mandatory training plan
for all degrees in industrial engineering during the basic technical project course (second year, fourth
quarter). All degrees in industrial engineering include this course as part of their mandatory training.
For this class, the necessary BIM concepts and tools are introduced gradually so that students can
perform visualization tasks with sufficient autonomy (V), as well as 3D modeling (M) and simulation
(S), in BIM. For all degrees, BIM use has been voluntary, except for the degree in industrial technology.
For this degree, the use of BIM is mandatory during the last academic year. As a result, and in parallel
with the levels defined in BIM and upon completing this first phase, the student could gain BIM
knowledge and experience ranging from a level of BIM maturity zero to a level of BIM maturity
1-2[36,46,47].

Phase 2 The expert technical project course was developed only within the training plan for the
degree in industrial technology as part of the mandatory expert the technical project course (fourth
year, eighth quarter), together with activities of greater specialization for the end-of-degree project
course (fourth year, eighth quarter) for all degrees and other training activities aimed at creating
working teams of students and teachers for participation in BIM meetings. These latter activities are
not included as part of the mandatory degree training in industrial engineering.
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Figure 1. Flow chart for the building information modeling (BIM) implementation for a technical
project course.

2.1. BIM Implementation in Project Classes

The curricula for degrees in industrial engineering at the School of Industrial Engineering where
BIM was implemented are organized into four courses, which constitute eight quarters of teaching.
For these courses, 240 European Credit Transfer and Accumulation System (ECTS) credits are taught at
a rate of 60 credits per academic year. The BIM implementation was performed during the practical
portion of the mandatory fourth-year technical project class for the degree in industrial technologies
(6.0 ECTS credits). The practical portion amounts to 50% of the ECTS credits of the total required for
the subject.

The class on expert technical projects for the industrial technologies engineering degree was
chosen because the degree brings together knowledge of the various engineering technological fields
in the industry (mechanical, electrical, electronics, automatics, chemical, and organizational) that do
not exist within the curriculum of the master’s degree in industrial engineering for any technical
project class. In addition, the timing of the class within the degree course (last year, eighth quarter) is
such that the students will have already acquired almost all of their degree skills before taking the
class. At this second level, the skills necessary for tasks related to visualization (V), 3D modeling (M),
and simulation (S) are mature, and the BIM tasks of planning (P), costs (C), and other specific tasks,
such as life-cycle analysis (LCA), are introduced so that students who are completing the first and
second phases can acquire the knowledge and experience at the level of BIM maturity 2-3.

Historically, technical project drafting falls within the scope of traditional activities for industrial
engineers. These two chosen topics involve the specific skill of the “Capacity for drafting, signing,
and developing projects in the field of industrial engineering whose purpose is the construction,
reform, repair, conservation, demolition, manufacture, installation, assembly, or operation of structures,
mechanical equipment, energy facilities, electrical and electronics installations, industrial facilities and
plants, and manufacturing and automation processes.”

The students started out with the fundamental skills and expertise to perform 2D representation,
probably due to their training in preliminary courses in the mandatory subjects graphic expression and
computer-aided drawing. However, they needed to take an important step when facing a 3D model
for the first time. The transition from a 2D model to a 3D model was an important objective in Phase
1 BIM.
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Within the different practical tasks that students have to perform in technical project classes,
they create a model in which different facilities will be implemented depending on the type of industrial
facility being planned. After the models are created, they can be used, for example, to detect geometric
intersections or clashes. All the tasks were designed to give the students a clear vision of what BIM
means rather than focusing only on the tools being used. To implement this learning, different types of
activities were developed depending on the student group’s phase at the moment, such as classroom
classes, follow-up of laboratory work, and specific tutorials and seminars especially for implementing
the facilities in the model. Many of these activities were more common in Phase 2 BIM. As described
by Caballero, Pérez, Fernandez-Coppel, and Lite (2017), the objective of the implementation was that
during the project life-cycle, the student would to be able to create BIM models, including facilities
(mechanical, electrical, and plumbing) and would be able to apply IFC (“Industry Foundation Classes”)
standards [21].

The exploration performed during the BIM implementation involves only the development of the
practical activities that are performed in correspondence with the mandatory expert technical project
course taught during the fourth year of the industrial technologies degree (expert technical project
course). The BIM implementation in technical project courses takes place only during the practical part
of the course, using the collaborative methodology described by Blanco, Sanchez-Lite, and Garcia [46].
This methodology is based on a sequence of activities to achieve part of the objectives that allow the
definition of the technical industrial project that the student must deliver for evaluation within the
course. The sequence of activities takes place over 15 sessions for both basic and expert courses, with a
duration of 2 h per session. In each of the 15 practical sessions, the student completes his or her project
by solving the different technical issues that are presented.

The data considered for the students’ perceptions were obtained from the fourth-year technical
project class for the degree in industrial technologies (expert technical project course) over the last four
years (see Figure 1). In relation to the resources used for implementation, the ICT tools described by
Blanco et al. (2015) for the application of collaborative methodologies for technical project course [48]
along with software tools commonly used in BIM academic environments (Revit Autodesk ©, Revit
MEP Autodesk ©, RevitStructure Autodesk ©, Factory Module Autodesk ©, Navisworks Autodesk ©
(Autodesk, New York, NY, USA, R2019), CIPE CAD METAL ©, CIPE Arquimedes © (CYPE Ing. SA,
Alicante, Spain, R2019), MagiCAD Autodesk © MagiCAD (MagiCAD Group, London, UK, R2019),
and BIMVision © (Datacomp, Cracow, Poland, R2019) [49-51] focused on the BIM teaching and not on
the software tool, as advised by Sacks and Barak [52].

2.2. Approach for the Analysis of Student Perceptions of BIM

An important factor in feedback following academic implementation is the students’
perspective [53]. The aim of this work was to evaluate the student perceptions of the advantages
and difficulties of incorporating BIM into the formal teaching system as part of the degree in
industrial engineering.

As Figure 2 shows, the study was developed in three steps. In the first step, the students’
perceptions of the BIM methodology and the use of the 3D tool were analyzed. In the second step,
the students’ opinions regarding the use of BIM and the acquisition of skills were analyzed. Finally,
in the third step, possible relationships between the students’ overall satisfaction, the use of the BIM
methodology and the 3D tool and the acquisition of competence were studied.

To explore the student perceptions, a Likert survey with five levels was applied. The survey
was administered only to students enrolled in the fourth-year coursework for a degree in industrial
technologies (expert technical project course). This degree is an industrial engineering degree offered
within the School of Industrial Engineering. Table 1 shows the 20 survey questions, which were
divided into three sections: The first section focused on the BIM technological tool; the second referred
to the chosen 3D design tool; and the third tried to collect an overall evaluation of the students’
satisfaction in relation to their perceptions of their use of BIM and acquired skills, together with
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their global vision of the subject. These questions were adapted to expert industrial technology
projects from different studies, taking into account the advantages and barriers of the academic BIM
implementation [7,13,15,33-39].
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Figure 2. Flow chart of the BIM implementation for a technical project course.

Table 1. Questions about the BIM Implementation.

Question Regarding

Q1. Do you consider BIM modeling useful for projects? BIM

Q2. Rate your personal assimilation of the BIM concept and its application BIM

Q3. Level of difficulty in using BIM in the project BIM

Q4. Level of BIM integration into industrial engineering projects BIM

Q5. Rate your interest in and motivation for using BIM after this module BIM

Q6. Rate your interest in groupwork using the BIM methodology BIM

Q7. Rate the possibility of working with BIM from different geographical locations BIM
Q8. Do you think REVIT is an intuitive and affordable piece of software? Software used
Q9. Is the amount of time spent on REVIT proportional to the degree of acquired learning?  Software used
Q10. Do you think that the project has gl\f{e];lv)gli a sufficient level of skill to be able to use Software used
Q11. What additions do you think the REVIT MEP needs? Software used
Q12. Rate the difficulty of learning how to use REVIT Software used
Q13. What level of options does REVIT provide for working in a group? Software used

Q14. How do you think BIM improves your CV as an engineer?
Q15. Rate the use of BIM in the context of this module
Q16. How much does this module increase your level of competence as an engineer?
Q17. To what degree has this module contributed to independent learning?
Q18. What level have you reached in terms of your decision-making responsibility as an
engineer?
Q19. To what degree has the module contributed to the development of skills related to
groupwork?
Q20. Rate the module overall

Overall opinion
Overall opinion
Overall opinion
Overall opinion

Overall opinion

Overall opinion

Overall opinion

Three control questions were incorporated into the sections related to BIM and the use of the 3D
design tool (questions 3, 4, and 11) to ensure the students’ interest and the reliability of their answers.
To ensure a degree of consistency in the students” answers, control questions were introduced within
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each of the sections (questions 6,7, 8,9, 10, 12, 13, 14, 16, and 19). Opposing results between questions
6and 7,10 and 12, 13 and 19, or 14 and 16 would force the researchers to disregard the responses of that
sample. Most samples were collected by the teacher during the face-to-face delivery of the practical
part of the course through interviews between students and teachers rather than with a paper survey
because it was easier to obtain student views this way and because it encouraged a higher degree of
student participation.

To reduce the number of variables, a statistical analysis was performed using the exploratory factor
analysis [54]. Since the scores were coded on a noncontinuous scale, the factor analysis was calculated
using the polychoric correlation matrix. The adequacy of the dispersion matrix was determined using
the Kaiser-Meyer-Olkin index (KMO). The number of factors (or components) was selected by applying
the Guttman-Kaiser rule, the percentage of cumulative variability (>80% in total), and Cattell’s scree
test. The extraction method was the principal component analysis (PCA), and the solution was rotated
using varimax rotation to achieve greater simplicity and better factor identification [55]. The scientific
literature shows good results when using this approach [56,57].

When considering the factor analysis results, to classify the courses under study, a hierarchical
ascendant classification (agglomerative hierarchical clustering, AHC) was used [58,59]. The AHC
analysis follows the factor analysis as a successful approach according to different studies [60].
AHC was performed using the Mahalanobis distance as a measure of distance to reduce the influence
of outliers and possible variable correlations [61]. The unweighted pair-group average was used as the
agglomeration method. Using the Friedman test [62] and the Nemenyi procedure [59], the existence of
statistically significant differences between the cluster means was evaluated, taking into account the
variables chosen for the evaluation.

Finally, to identify possible relationships between the student satisfaction with the BIM
implementation (question 20: Overall opinion) and the factors obtained through the factor analysis,
a multiple regression analysis was performed (Figure 2).

3. Results

To explore the perceptions of students in the fourth-year expert technical project course, the last
four academic years were evaluated. The BIM use was mandatory starting in the first academic year.
The total number of students for the four academic years was 86.

The student point of view was analyzed during the fourth-year expert portion of the last academic
courses using the previously described methodology. The total number of students was 86, for a total
of 64% valid samples. The results obtained for the questions posed after the control questions were
eliminated are shown in Table 2.

Table 2. Phase 2: Descriptive statistics of the students’ views regarding BIM.

Question Min. Max Freq. of Min.  Freq. of Max. @ Median = Mean Stand. Deviation

(n-1)
Q1 2 5 12 9 4.000 3.491 1.016
Q2 1 5 2 5 3.000 3.200 1.026
Q5 1 5 6 8 3.000 3.109 1.227
Q6 2 5 6 10 3.000 3.564 0.918
Q8 1 3 17 20 2.000 2.055 0.826
Q9 1 4 13 3 2.000 2.255 0.886
Q10 1 4 15 7 2.000 2.255 1.004
Q15 1 5 1 14 4.000 3.855 0.891
Q16 2 4 7 21 3.000 3.255 0.673
Q17 2 5 3 7 4.000 3.800 0.730
Q18 2 5 5 7 4.000 3.582 0.832
Q19 2 5 12 2 3.000 3.309 0.858
Q20 2 5 7 2 3.000 3.345 0.751
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3.1. BIM Methodology and the Use of the 3D Tool

Using the responses to questions Q1, Q2, Q5, Q6, Q8, Q9, and Q10 of Table 2, the students’ views
regarding the BIM methodology and the use of the 3D tool in the practical part of the course were
studied. A factor analysis was performed to reduce the number of variables. The number of factors
extracted was three (the following were considered: Guttman-Kaiser rule, percentage of cumulative
variability (>80% in total), and Cattell’s scree test), with the factors explaining 94.91% of the variance.
After varimax rotation, it could be observed that factor DBR1 was associated with variables Q1 and
Q2; factor DBR2 was associated with variables Q5, Q6, and Q9; and factor DBR3 was associated with
variables Q8 and Q10 (Table 3). The obtained KMO index was 0.742, and Cronbach’s alpha was 0.962.
The factor loadings and the scree plot are shown in Figure 3.

Factor DBR1 can be interpreted as the “level of utility and assimilation of BIM by the student”;
factor DBR2 can be described as “the interest in BIM and the effort required to learn the tool after the
experience”; and factor DBR3 can reflect the “complexity and level of learning of the tool.”

An AHC analysis was performed using factors DBR1, DBR2, and DBR3 when the students were
distributed into six classes. Figure 4 shows the dendrogram, the within-class variance according to the
number of classes, and the cluster profile.

Table 3. Factor analysis questions about BIM: Factor pattern after varimax rotation.

Question DBR1 DBR2 DBR3
Q1 0.757 0.462 0.416
Q2 0.840 0.364 0.352
Q5 0.501 0.622 0.552
Q6 0.405 0.848 0.224
Q8 0.310 0.263 0.903
Q9 0.285 0.870 0.335
Q10 0.536 0.429 0.665
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Figure 3. Factor analysis: Factor loadings after varimax rotation. Students views of the use of BIM
during the second implementation phase. (a) Scree plot; (b) factor loadings after varimax rotation.

The full dendrogram displays the progressive clustering of the samples. The dotted line represents
the truncation, leading to six groups: Cluster 1 (displayed in blue), cluster 2 (displayed in violet), cluster
3 (displayed in red), cluster 4 (displayed in dark green), cluster 5 (displayed in purple), and cluster 6
(displayed in green). The horizontal axis represents the samples, while the vertical axis represents
the dissimilarity coefficients. The samples are identified by two numbers; the first represents the year,
and the second represents the order number.

The results reflect a within-class variance of 35.00% and a between-class variance of 64.99%.
Clusters 1 and 5 had the highest number of students (29.1% and 27.3%, respectively), followed by 3
(16.4%), 6 (10.9%), 2 (9.0%), and 4 (7.3%).

Cluster 1 (29% of the samples) contains students with a high perception of the level of BIM utility
and their own learning outcomes, defining the tool used for the BIM implementation as intuitive and
easy to learn, while Cluster 5 (27% of the samples) groups students with a low perception of the BIM
utility level and their own learning outcomes, defining the tool used for the BIM implementation
as nonintuitive and complex to learn. Cluster 3 (16.4% of the samples) groups students with a high
perception of the BIM utility level and their own learning outcomes who considered the tool used for
the BIM implementation as moderately intuitive and complex to learn.

When analyzing Cluster 2, it can be observed that 9% of the sample, which defined the tool used for
the BIM implementation as not very intuitive and complex to learn, showed a high opinion regarding
the usefulness of BIM after implementation. Cluster 4 shows that 7% of students did not consider
BIM useful for performing technical projects, considered the tool moderately complex, and evaluated
BIM after studying the subject as having moderate utility. Cluster 6 (10.9% of the sample) represents
students who consider the tool complex and perceive BIM as unhelpful.

The Friedman test of the six clusters reflected a p-value < 0.001. Since the computed p-value was
lower than the significance level alpha = 0.05, the null hypothesis HO should be rejected. The samples
did not come from the same population. The multiple comparison post hoc analysis reflected a p-value
< 0.001 for the qualification variables, indicating the presence of statistically significant differences
between the clusters with respect to all the classification variables.
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Figure 4. Agglomerative hierarchical clustering (AHC): Students’ views on the use of BIM and the
three-dimensional (3D) tool during the second implementation phase. (a) Evolution of variance;
(b) dendrogram and (c) profile plot.

3.2. BIM Use and Acquired Skills

Using questions Q15: Q16, Q17, Q18, and Q19 in Table 2, the students” perceptions of the
contribution of their BIM use and acquired skills was studied. A factor analysis was performed to
reduce the number of variables. The number of extracted factors was three, and the factors explained
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91.26% of the variance. After varimax rotation, factor DO1 was observed to be associated with variable
Q19; factor DO2 was associated with variables Q15 and Q17; and factor DO3 was associated with
variables Q16 and Q18 (Table 4). The factor loadings are shown in Figure 5. The obtained KMO was
0.843, and Cronbach’s alpha was 0.909. The factor loadings and the scree plot are shown in Figure 4.

Table 4. Factor analysis questions about the BIM contribution and acquired skills: Factor pattern after
varimax rotation.

Question DO1 DO2 DO3
Q15 0.440 0.709 0.467
Q16 0.215 0.327 0.874
Q17 0.238 0.912 0.283
Q18 0.520 0.308 0.663
Q19 0.895 0.291 0.269
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Figure 5. Factor analysis: Students’ opinions regarding the use of BIM and the skills acquired during
the second implementation phase. (a) Scree plot; (b) factor loadings after varimax rotation.
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The DOL1 factor could be interpreted as “BIM’s contribution to teamwork”, DO2 as “BIM’s
contribution to the technical project subject”, and DO3 as “BIM’s contribution to the development of
the global skills of an industrial engineer”.

An AHC analysis was performed using factors DO1, DO2, and DO3, distributing the students
into six classes. Figure 6 shows the dendrogram, the within-class variance according to the number of
classes, and the profile. The full dendrogram displays the progressive clustering of samples. The dotted
line represents the truncation, which led to six groups: Cluster 1 (displayed in dark green), cluster 2
(displayed in violet), cluster 3 (displayed in purple), cluster 4 (displayed in red), cluster 5 (displayed in
blue), and cluster 6 (displayed in green). The horizontal axis represents the samples, while the vertical
axis represents the dissimilarity coefficients. The samples are identified by two numbers; the first
represents the year, and the second represents the order number.

The results reflect a within-class variance of 35.01% and a between-class variance of 64.99%.
Clusters 1 and 3 had the highest number of students (38% and 30%, respectively), followed by 2 (15%),
4 (9%), 5 (4%), and 6 (4%).
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Figure 6. Agglomerative hierarchical clustering (AHC): Students’ opinions regarding the use of BIM and
the skills acquired during the second implementation phase. (a) Evolution of variance; (b) dendrogram
and (c) profile plot.

Cluster 1 (38% of the sample) groups the students with a high average perception of BIM's
contribution to teamwork (variable DO1) and average values regarding BIM’s contribution to the
technical project subject (variable DO2) and its contribution to the skills of an industrial engineer
(variable DO3). Cluster 3 (30% of the sample) groups the students who did not consider BIM'’s
contribution to teamwork (DO1) important and considered the other variables moderately important.
Cluster 2 (15% of the sample) contains students who perceived that BIM had an important contribution
to the technical project course (DO2) and to the skills of an industrial engineer (DO3) but did not
consider BIM’s contribution to teamwork (DO1) so important. Cluster 4 (9% of the sample) contains
students who consider BIM’s overall contribution to the skills of an industrial engineer to be the least
important (DO3), its contribution to the technical project subject (DO2) important and its contribution to
teamwork (DO1) moderately important. Cluster 5 (4% of the sample) groups students who considered
BIM’s contribution to the technical project subject (DO2) least important and considered only BIM’s
contribution to teamwork important (DO1). Finally, Cluster 6 (4% of the samples) groups students
that considered BIM'’s contribution to teamwork (DO1) least important and did not consider BIM’s
contribution to the technical project course (DO2) important, although they considered BIM’s overall
contribution to the skills of an industrial engineer (DO3) important. It is convenient to keep in mind
that these last two classes contained few samples.

The Friedman test of the six clusters reflected a p-value < 0.001. Since the computed p-value was
lower than the significance level alpha = 0.05, the null hypothesis HO should be rejected. The samples
did not come from the same population. The multiple comparison post hoc analysis reflected a p-value
< 0.001 for the qualification variables, indicating that there are statistically significant differences
between the clusters with respect to all the classification variables.

3.3. Overall Opinion: Global Satisfaction, BIM, 3D Tool and Acquired Skills

Taking the Q20 variable as a dependent variable and factors DBR1, DBR2, DBR3, DO1, D02, and
D03 as independent variables, a multiple regression analysis was performed.
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The resulting model was (1):
Q20 =3.340 + 0.376 x DBR1 + 0.289 x DBR2 + 0.220 x DBR3 (€))

The p-values for the t-test suggest that DBR1 (p < 0.001), DBR2 (p < 0.001), and DBR3 (p = 0.012)
were significantly different from zero. The standardized coefficients showed that the variable of
greatest influence was DBR1, followed by DBR2 and DBR3. The value of R2 was 0.43, indicating that
approximately 43% of the variability of the satisfaction variable was explained by factors DBR1, DBR2,
and DBR3. The mean square error (MSE) was 0.327. The p-value for the analysis of the variance F-test
(p < 0.001, significance level of 5%) suggests that the model containing DBR1, DBR2, and DBR3 is more
useful for predicting Q20 than not taking the three predictors into account. The VIF coefficient shows
the absence of multicollinearity problems in the model.

It was possible to obtain a more complex nonlinear model with all the variables. The model
was (2):

Q20 = 3.368 + 0.115 x DBR10.043 x DBR20.003 x DBR3 + 0.273 x
DO1 + 0.408 x DO2 + 0.313 x D03 + 0.048 x DBR1 x DR10.070 x
DBR2 x DR2 + 0.045 x DBR3 x DBR3 + 0.030 x DO1 x DO1 + 0.072 x
DO2 x DO2 - 0.115 x D03 x DO3.

@

The value of R2 was 0.602, indicating that approximately 60% of the variability in the satisfaction
variable was explained using all the factors posed by the model. The MSE was 0.291.

4. Discussion

When the results obtained here are analyzed to determine the students’” views, it can be seen that
the factor analysis of the questions referring to BIM and the tool in use shows three factors. The diagram
on factor loadings in the DBR1, DBR2 plane shows a high correlation between the ease of use of the
tool (Q8) and learning (Q10). There was also a direct correlation between the BIM utility perceived by
the student (Q1) and the student’s evaluation of the BIM learning level (Q2) and between the interest
and motivation in relation to BIM after completing the course (Q5) and the complexity of the tool in
use (Q8). Finally, it could be interpreted that the complexity of the tool in relation to the time spent
learning (Q9) within the chosen BIM implementation method has a direct relationship with the effects
of BIM on improving teamwork (Q6).

A cluster analysis performed with the data obtained regarding the views of students in the
mandatory fourth-year course for the degree in industrial technologies using the questions related to
BIM and the tool in use (REVIT©) showed six different clusters. The differences between the clusters
were statistically significant with respect to the classification variables.

In observing the results of the factor analysis for the questions related to the students’ views
regarding BIM’s contributions, the factor loading diagram in the DO1, DO3 plane shows a direct
correlation between the utility of BIM for developing the practice of the course (Q15) and the
development of teamwork skills (Q19) and autonomous learning (Q17). There was also a direct
correlation between the acquisition of skills (Q16) and the development of skills related to the
decision-making processes of an industrial engineer (Q18).

The cluster analysis using the data obtained regarding the responses of students in Phase 2 BIM
(a mandatory fourth-year course for the degree in industrial technologies) to the questions related to
BIM's contribution showed six different clusters with statistically significant differences with respect to
the classification variables.

If we compare the results of the two cluster analyses, approximately 60% of the sample in the AHC
Class 1 (AHC-Opinion), based on the variables DO1, DO2, and DO3, are contained in the AHC Class
1 (AHC BIM-REVIT), which was based on the variables DBR1, DBR2, and DBR3. This observation
can be interpreted as an indication that approximately 23% of the students regarded BIM as useful for
technical engineering projects and for obtaining a high degree of assimilation after completing the
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course, felt that the tool used was simple to learn, and considered BIM useful for skill acquisition,
especially for teamwork skills. Similar results were also found in other studies (20 Muriel, and Paloma,
2017; 19 Sacks and Barak, 2009).

The elements of the AHC-Opinion Classes 3-5-6 and AHC-BIMREVIT 5-6 are related (more
than 40% of the sample in the AHC-Opinion Class 3 was contained in the AHC-BIMREVIT Class 5),
which we can interpret as an indication that students who think that BIM is not very useful and does
not help with skill acquisition consider the tool complex. This result has also been reported in other
studies [20,51].

Regarding the 3D tool, more than 20% of the students considered BIM simple to use and useful for
skill acquisition but felt that the 3D tool could be a barrier for the BIM implementation. These results
are similar to those found in other studies in areas other than industrial engineering [50,52]. A direct
relationship has been observed between the satisfaction with the use of BIM and the use of the tool.
This result has also been found by other authors in professional, non-academic settings [63].

For this second phase, it was not possible to generate a linear regression model including the six
factors extracted from the factor analysis, although it was possible to obtain a nonlinear model that
explained the final student satisfaction ratings when all the factors were considered. If we compare
the models, we can see that the nonlinear model better explains the variance in the system, with a
somewhat lower MSE than the linear model. However, it is interesting to note that in the linear
model, although there are low variance explanation rates, the coefficients have a statistically significant
influence on the explanation of the model, which could allow the use of the linear model as a first
approximation. The limitations of this study are directly related to the sample size. In addition,
the variance rates explained by the factors were 94.91% and 91.26%. This means that 5.09% and
8.74% of the information contained in the data were thrown away before the AHC analysis was even
conducted. It is also interesting to note that the initial student training level in the fourth-year course
for the degree in industrial technologies is not homogeneous due to the timing of the course and the
year of implementation for the degree.

It is necessary to continue performing this evaluation in the coming academic courses to confirm
the results obtained here and to test the validity of the proposed models. However, the present study
does not incorporate uncertainty into the evaluations by evaluating student views, which may be a
limitation of the results of this study.

Finally, it should be mentioned that during the current course, the resources available to the
students are being expanded, and voluntary use of the DDS-CAD® software package is an option for
fourth-year students in the industrial technologies degree to use for their expert technical project course.

5. Conclusions

With the implementation of BIM in the engineering project course, it was intended to train future
technical engineers in a way that allows them to see the possibilities of BIM and its limitations and
problems and to have a vision of the multisectoral context in which projects are developed. Our findings
can be summarized as follows:

More than 20% of the students regarded BIM as useful, and they rated their own level of BIM
assimilation highly. They considered the 3D tool simple to use and BIM useful for skill acquisition.

A direct relationship was observed between the utility of BIM for developing the practice of the
course and the view of BIM as useful for skill acquisition, especially for teamwork skills.

A direct relationship was observed between the satisfaction with the use of BIM and the use of the
tool, but the 3D tool could be a barrier for the BIM implementation. This result has also been found
by other authors in academic and professional, non-academic settings. It is important to emphasize
that the teacher must stress that the 3D tool in itself is not BIM to focus the student’s attention on the
methodology and usefulness of building BIM models.

Given the results obtained here, the incorporation of BIM for voluntary use by students and the
choice of the degree for which it has been proposed as a mandatory subject appear to be successful,
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and the results are encouraging. Phase 2 BIM could allow students to guarantee their start in
postgraduate training in BIM and would provide better incorporation of BIM into professional
engineering projects.
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