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Abstract: In this work, exploratory quantitative research on the opinion of the students of a course
on Geometry of Welded Joints, in an introductory welding course of secondary technical education
curriculum, on the didactic use of PDF-3D in the development of the course is carried out. For
this purpose, a survey designed by the authors was used, which the students answered once the
study of the subject had been completed. As a result, it has been found that the valuations of the
virtual tool PDF-3D are very high, mainly in relation to motivation and ease of use. The importance
that students attach to the ease of solving the spatial comprehension difficulties inherent to welded
joints -and the imperfections linked with them- positively influences the ratings of this educational
technology. On the other hand, this study reveals that students prefer a mixed methodology in which
the presence of virtual resources is greater than that of the master class. Finally, the results obtained
suggest that, given the lack of knowledge on the part of teachers of the potential of PDF-3D in the
educational field, it would be advisable to offer specific training on the didactic use of PDF-3D to
technical education professors.

Keywords: virtual resource; engineering education; digital learning environment; 3D tool

1. Introduction and Literature Review
1.1. Context and Approach

The global health emergency caused by SARS-COV-2 (COVID-19) revealed problems
of a diverse social nature worldwide and even more so in developing countries. In these
countries, the very poor infrastructure of networks and communications affected the
development of many of the usual tasks, including academic work and interaction between
students and their teachers [1,2]. Specifically in Colombia, in the field of education, the
effects were considerable. In fact, not only was it evident that there was little Internet
coverage at the national level or the poor quality of this service but also the lack of digital
devices to develop teaching-learning activities with new methodologies, using Information
and Communication Technologies (ICT) [3]. This meant that educational institutions had
to quickly devise ways to advance in academic programs, having to evolve and quickly
incorporate multimedia tools and ICT, which allowed them to adapt to the situation, as a
response, to try to bring knowledge to students [4]. These tools became visible as a solution
to the little or non-existent face-to-face contact in the pedagogical processes due to the
restrictions imposed by the pandemic.

Contextualizing the above, it is the duty of every institution and personnel responsible
for an educational process to create and constantly update the pedagogical resources used
in academic programs and teaching methodologies. This implies incorporating ICT as a
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facilitating means to follow a flexible methodology where the absence of direct contact
between teachers and students is overcome through visual and interactive programs [5-7].
It is necessary, therefore, to develop digital aids that act as a mediating entity to transmit
the knowledge and competencies to which a student is entitled when pursuing studies in
any area.

In the field of engineering and technology, the use of virtual environments for non-
classroom teaching has grown in recent years [8,9]. Within technical fields, the difficulty of
teaching spatial concepts [10,11], which require observing or manipulating objects of an
essentially three-dimensional nature, is particularly relevant. The traditional representation
of these objects in 2D necessarily results in a significant loss of information and greater
difficulty for the student to learn. To solve this need, three-dimensional representation tools
have emerged in recent years that have been used fruitfully in education, such as 3D virtual
and augmented reality, 3D print, and PDF-3D. 3D virtual reality makes it possible to recreate
three-dimensional environments with which the user can interact through computational
technologies [12,13]. On the other hand, 3D print allows the effective construction of the
designed three-dimensional models [14,15]. PDF-3D, on the other hand, are resources
for the visualization of 3D models by means of documents in PDF format, so they can
be considered an educational technology [16]. Among the described tools, 3D-print and
virtual and augmented reality technologies require technical infrastructure and equipment
that does not make them accessible to any school or student population [12,17]. However,
PDE-3D are tools that any teacher can count on to ensure quality interactive teaching, and
they are more accessible to students, easier to disseminate, and require less prior training
for their use than the rest of the resources mentioned [16]. Despite this, as can be seen in
Figure 1, there are hardly any scientific papers showing the use of PDF-3D (120 papers in
total), especially in the educational field, where there are only 39 papers in SCOPUS. This
is evidence of the lack of knowledge of the scientific community and teachers about this

educational resource.
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Figure 1. Number of scientific documents published in Scopus related to the general use of PDF-3D
(blue) and the use of PDF-3D with educational purposes (red). The search strings are the following;:
for the first case TITLE-ABS-KEY (“PDF-3D” OR “PDF 3D” OR “3D PDF” OR “3D-PDF”), and
for the second one is TITLE-ABS-KEY (“PDF-3D” OR “PDF 3D” OR “3D PDF” OR “3D-PDE”)
AND (education).

PDEF-3D is a virtual tool, adaptable to multiple e-learning telematic environments that
require fundamental techniques and equipment requirements from the user. In addition, it
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has proven to be a very useful resource for training the student’s spatial vision capacity,
which is essential in engineering and technical education [18,19]. In this work, quantitative
research is carried out on the perception of a group of technical education students with
whom this tool has been used in the teaching of a subject entitled “Geometry of Welded
Joints”, within a basic welding course, at the Santa Rosa de Cabal Technological Institute
(ITESARC), in Colombia. Specifically, the student’s assessment of the PDE-3D tool was
measured, both in general and as applied to the specific topic of work, and differences were
identified in their responses according to the importance they give to the topic in question
and according to the methodology preferred by the students.

It is necessary to highlight the evident void that exists in terms of background and
available resources that guide with respect to methodologies or tools that support the
teaching and learning of welding from virtuality. It is specifically noteworthy that there
are no papers in the literature on the use of PDF-3D files for this purpose. This makes
this work a pioneer in the approach of an initial proposal for a basic welding academic
program at a technical level. In view of this absence of research on the didactic use of PDF-
3D, this research provides evidence to support that files of this type and virtual learning
environments can be an important part of the solution to address the difficulty of spatial
thinking in teaching welded joint geometry, and become a public didactic tool useful to
mediate the pedagogical process of welding and related topics [20].

1.2. PDF-3D

Among the many competencies and skills that welding personnel (welders, engineers,
designers, supervisors, and inspectors) must possess, there is one that allows a complete
and correct understanding of the work to be carried out, and that is spatial interpretation
or spatial vision ability [21]. This is defined as the ability to mentally understand complex
three-dimensional shapes [21]. This spatial ability, although it depends on the intrinsic
capabilities of the learners, can be enhanced and stimulated by means of virtual tools and
methodologies that favor its development. Through these tools, it is possible to provide the
student with an understanding, not only of the positioning and dimensions of the structure
or element to be manufactured but also of its construction details [22], such as the welding
process to be executed and the type of weld to be deposited in the welding joints [23].

In this sense, digital aids, such as PDF-3D, emerge as a mediating entity to transmit this
knowledge and acquire fundamental competencies in the engineering field. They also allow
the incorporation of the educational processes, resources, and methodologies that promote
the acceptance, analysis, understanding, and subsequent application of knowledge, i.e., the
establishment of significant learning [24] through virtuality, using ICT resources. This is of
utmost importance since transmitting or interpreting spatial concepts is quite difficult if
what is to be understood is observed in a document or plan (physical or digital), which
is 2D, and it should be transferred to a three-dimensional projection in the real world.
This bridge between what is understood and what is shown can cause a significant loss of
information and, consequently, limit the visual-spatial interpretative ability of students in a
welding course [24].

The generation of a PDF-3D requires only a three-dimensional digital model of what is
to be represented, in this case, the various types of weld joints (T joint, lap joint, edge joint,
butt joint, or corner joint, as shown in Figure 2), to be subsequently exported as a standard
PDF file. Although for the generation of the three-dimensional model, it is necessary to
use specific 3D modeling software, which may be expensive and requires intensive prior
training for its use [16], there are economically viable options that use software commonly
used in broad areas of education, such as AutoCAD [25] or Adobe Photoshop [16]. In
this study, Autodesk Inventor, educationally licensed software available from ITESARC,
has been used, where the cross-section of a butt weld joint is schematized for subsequent
extrusion achieving the necessary modeling.
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Figure 2. Types of weld joints: (a) butt joint, (b) edge Joint, (c) lap joint, (d) Tee joint,
and (e) corner joint.

The use of PDF-3D has become widespread in various scientific disciplines due to
the multiple advantages it offers over classical 2D representations. Among them [26]:
(i) PDF-3D tools have a greater capacity than 2D resources to explain and illustrate the
dimensions of objects; and (ii) they hold a greater amount of information in a smaller space
than any 2D illustration. Moreover, from the technical point of view, PDF-3D allows for
solving certain drawbacks of other tools, such as the following [26]: (i) the problems of
long-term compatibility of the created file format and hardware or software; (ii) the size
of the files, which is smaller with respect to those generated with other specific programs
and these are compatible with the generation of electronic documents and with any virtual
platform for sharing materials and information. All these features make the tool studied an
effective and highly valued resource by the students who have used it [27-29].

Although the literature suggests that so far there has not been a massive use of this
educational technology (Figure 1), there are specific experiences that have occurred in
various disciplines: representation of functional and anatomical animal morphology in
biology [30]; obtaining manipulable three-dimensional biomedical models for clinical
applications [31,32]; educational experiences in the health sector, such as digital mod-
els [33-35], applications in radiology [36] or anatomy [37,38]; representation of architectural
spaces [39-41]; three-dimensional representations in engineering studies, such as geomod-
els and terrain representations [42—44], or representations to develop spatial abilities [45-47];
presentation of specialized graphic reports [24,32,48] in order to achieve improvements in
the learning of graphic expression, modeling, three-dimensional comprehension (reasoning
and spatial skills) and on medical procedures and morphological analysis; in the graphic
design of industrial products [49]; as a tool to optimize the presentation of contents in the
field of scientific research [50,51]; or for the development of diverse competences in the
educational field [52,53].

However, as observed in Figure 1, there is a paucity of research highlighting the use
of PDF-3D in the educational field and, specifically, a general nullity, if one specifically
analyzes the field of welding education at any academic, scientific, or research level. In
addition, the evidence that exists on the use of this type of technology revolves mainly
around reinforcing and clarifying concepts related to visual-spatial reasoning with impor-
tant results and improvements in three-dimensional understanding [24,32,41,46,52], which
is of great help to facilitate understanding in a field as complex and yet useful as welding
and its related subjects. Obtaining this interpretative ability is fundamental in any study of
the engineering field and the teaching-learning processes can be favored through digital
graphing tools, enabling the acquisition of significant learning [47,54].

1.3. Welded Joints

The subject of welded joints and their geometry is an essential part of the training of
many professionals in the technical field, and requires the development, for their learning,
of the aforementioned spatial and geometric visualization skills [55]. The reason is that,
from the correct appreciation of the welded joints and their components, derives the proper
positioning of the elements to be joined and the reading of the information contained in
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the symbols that accompany them in the technical drawings [56,57]. The main geometrical
elements related to welded joints are the following [58]: (i) the classification of the types of
joints, which is usually done following geometrical criteria of three-dimensional character;
(i) the component parts of the joints; and (iii) the dimensioning present in the joints, which
includes an important metric component in the geometry of the welded joints.

Thus, the different welded joints are classified according to the geometric shape of
the joint [59]. Furthermore, as illustrated in Figure 3, knowledge of the component parts
of welded joints, which encompass angular, longitudinal, and surface elements, is crucial
to understand their geometry [60]: the root of joint; root face; groove face; bevel angle;
groove angle; groove radius; and root opening. The combination and interrelation of all
these elements can cause confusion in the trainees since it is a large amount of information
contained in simple images that require sufficient spatial interpretative skills. Therefore
PDF-3D emerges as the solution to this difficulty since it allows students to interact with
any type of joint and to appreciate in a realistic way all those characteristics present in them
and the construction details in case the subsequent materialization on site is required.

(Groove angle

Bevel angle

—p —

opening

Groove face

Figure 3. PDF 3D of a double V Groove weld joint.

By PDF-3D in the topic “Geometry of Welded Joints”, the aim is to provide the student
with the correct interpretation of the different joints present in a welded structure and
their construction details (positioning, process to be used, appropriate dimensions, edge
preparation), which go hand in hand with the symbology and the representation systems
or orthogonal projections shown in the technical drawings. Indeed, for the manufacture
of a welded structure, it is necessary that both the welds and their welded joints have
dimensions and shapes similar (within the required tolerances) to those indicated in the
designs, drawings, projects, or contracts [61,62].
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These aspects require spatial skills for their understanding, not being necessarily
subject to the type of welding process to be used, since what determines the type or types
of joints present in a construction are the types of profile or shapes of the base material,
the configuration of the element or structure to be manufactured (which is given by the
designer and the client’s needs), and the site where the welds are to be made [63]. The
above are some of the conditions that determine the weld joints, but it should be noted that
the implementation of PDF-3D makes it possible to transmit graphic ideas and facilitate
the spatial vision of the joints generated using the different types of welds, such as the
following: TIG (Tungsten Inert Gas) [64,65]; GTAW (Gas Tungsten Arc Welding) [66];
SMAW (Shield Metal Arc Welding) [67]; MIG (Metal Inert Gas) and MAG (Metal Active
Gas) [68]; GMAW (Gas Metal Arc Welding) [69]; submerged arc SAW (Submerged Arc
Welding) [70]; or ATW (aluminothermic welding process) [71].

Figure 4 schematically depicts the four main types of welds used in industry, which
include the three most used welding methods: gas welding, arc welding, and laser welding.
In MIG/MAG arc welding presented in Figure 4a, a consumable welding electrode is used
as filler material for the weld. The arc is created by involving an electric current between
the base metal (the parts to be joined) and electrode, shielded by an inert gas (MIG), such as
Ar or He, or an active gas (MAG), such as CO,, which provides excellent quality welds by
being cleaner, slag-free and with a good appearance or finish. Figure 4b shows a schematic
representation of TIG welding, where a non-consumable W (tungsten) electrode and a
welding shielding gas (Ar or He, or a mixture of both) are used.

The great advantage of this method is that it allows the creation of high-quality,
accurate, and precise welds, as thermal distortions are minimal, with good mechanical and
corrosion resistance, and can be applied to steels and non-ferrous metals (Al, Mg, Cu, etc.).
Figure 4c,d show Stick and Flux-Cored welds, respectively. The first one is characterized by
using an electric current flow between the material to be welded and the electrode—or stick
welding—widely used to weld thicker metals of stainless steel and cast iron. In contrast, the
second (the Flux-Cored welding) uses a wired electrode constantly fed by the power source
(a wired electrode that is fed constantly), which does not require any shielding gas since
the electrode contains a flux core, as filler metal that protects the welding arc, allowing its
application in conditions with the presence of strong winds.

Additionally, PDF-3D opens the possibility of studying the different discontinuities
that occur in different types of welded joints. Discontinuities are related to the interruption
of the typical or expected structure of a welded part or joint, related to the homogeneity of
the physical, mechanical, or metallurgical characteristics associated with the material or
weld [72]. Among the main structural discontinuities that can be explored in PDF-3D file
design are excessive concavity (Figure 5a), excessive convexity (Figure 5b), angular defor-
mation (Figure 5c), excessive penetration (Figure 5d), insufficient deposition (Figure 5e),
misalignment (Figure 5f), undercutting (Figure 5g), and lack of penetration (Figure 5h).
These types of discontinuities compromise the integrity, performance, competitiveness, and
quality of the projects and components, being, therefore, necessary for the use of geometric
representation systems, such as PDF-3D, that allow the three-dimensional representation of
these defects and discontinuities that occur in the different types of welded joints and thus
facilitate their spatial understanding to minimize or correct these distortions, improving
the welding processes.
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Figure 4. Types of welding: (a) Metal Inert Gas (MIG); (b) Tungsten Inert Gas (TIG); (c) Stick Welding
(Shielded-Metal Arc); and (d) Flux-Cored Welding.
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Figure 5. Types of discontinuities: (a) excessive concavity; (b) excessive convexity; (c) angular
deformation; (d) excessive penetration; (e) insufficient deposition; (f) misalignment; (g) undercutting;
and (h) lack of penetration.

1.4. Research Objectives

The present research has sought to achieve the following objectives: (i) to analyze the
didactic methodology preferences—master class or virtual tools—that the participating
students have; (ii) to assess the relevance that the students attribute to the use of the virtual
tool PDF-3D in the development of the subject “Geometry of welded joints” in which it
has been applied; (iii) analyze the assessments that the participating students attribute to
PDF-3D as a didactic tool in general; and (iv) to identify if the importance that the students
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give, within the subject, to the topic that has been developed or if their preferences in terms
of didactic methodology have a significant influence on the evaluations expressed about
the PDF-3D virtual tool.

2. Materials and Methods
2.1. Participants

The study involved 50 students (7 women and 43 men) from 4 different groups (9
students in group A, 17 in group B, 22 in group C, 2 in group D) of an introductory welding
course at the Instituto Tecnolégico Santa Rosa de Cabal, in Colombia. The participating
students were chosen through a non-probabilistic convenience sampling process, the only
inclusion criteria being: (i) the fact of being students enrolled in the welding program;
and (ii) participating in the proposed training activity with PDF-3D. The topic “Geometry
of Welded Joints” was developed with the participants through the virtual tool PDE-3D,
within the aforementioned program. Subsequently, the participating students answered a
survey to evaluate the methodology used voluntarily, freely, and anonymously. The entire
population of students to whom the survey was sent responded to it, and all the responses
were validated.

2.2. Variables, Hypotheses, and Data Collection
To achieve the research objectives, the following variables were defined:

”

e  Assessment of the importance of working on the topic “Geometry of welded joints
within the degree program. This is an ordinal quantitative variable measured on a
Likert scale from 1 to 10, where 1 corresponds to no importance and 10 corresponds to
maximum importance;

e  Preferred methodology. It is a trichotomous nominal variable whose possible values
are: (i) master class; (ii) virtual labs; and (iii) mixed methodology—in this regard,
although strictly speaking the master class is compatible with the use of virtual tools,
by the expression “master class” the authors refer to the master class that employs a
traditional methodology, as opposed to the use of virtual tools. This was made clear to
the students prior to their participation;

e Importance of the use of the virtual tool PDF-3D for the development of the topic
“Geometry of welded joints”. It is a polytomous variable that can reach the following
values: (i) null (the participant would use only the master class); (ii) would combine it
with the master class, with a greater presence of the virtual tool; (iii) would combine it
with the master class with a more significant presence of the master class; (iv) absolute
(would eliminate the master class). To enrich the statistical analysis, this variable
has been quantified by attributing the quantities 1 to 4, respectively, to each of the
described values of the variable.

e Assessment of the PDF-3D virtual tool. This variable includes the following sub-
variables, all of them ordinal quantitative, which will be measured on Likert scales
from 1 to 10: (i) employability—assessment of the qualities and aptitudes of PDF-3D
to be used as a didactic resource in lectures—; (ii) interactivity—PDF-3D’s ability to
receive and respond to user feedback-; (iii) motivation—PDEF-3D’s ability to encourage
and incentivize study, making it more appealing—; (iv) facility of use—assessment of
how easy it is to use PDF-3D to perform prescribed tasks—; (v) didactic usefulness
—assessment of the effectiveness of PDF-3D as a resource for achieving subject-specific
learning objectives—; (vi) realism—assessment of the similarity between the model
illustrated by the PDF-3D and the real object—; and (vii) design—assessment of the
technical capabilities of PDF-3D to adapt to the different situations required according
to the objects to be illustrated—. The participating students received an explanation of
the specific meaning of all the above categories prior to completing the questionnaire,
in order to clarify the concepts and elicit homogeneous knowledge of them.

This work corroborates the following hypotheses: (i) the students’ assessment of the
different aspects of the PDF-3D tool studied is high; (ii) the assessment of the importance
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of the subject treated has a positive influence on the assessment of the PDF-3D tool used;
(iii) the methodology preferred by the students does not influence the assessment of the
virtual tool.

A survey designed by the authors for the purposes of the present research was used.
The survey consisted of 6 questions (Table 1) and was answered voluntarily, freely, and
anonymously by the participating students. Data collection was conducted in April 2022.

Table 1. Questions in the survey with their corresponding possible values and the variable they measure.

Question

Value

Measured Variable

Rate from 1 to 10 the educational
interest of the topic “Geometry of
welded joints”

Likert from 1 to 10

Valuation of the importance of working
on the topic “Geometry of welded
joints” within the subject

What methodology do you prefer to
be used in the classroom?

Master class
Virtual lab
Mixed methodology

Do you consider the use of virtual
resources to be a more effective
methodology than traditional classes
and why?

Free response

Preferred methodology

How interesting is the use of the
virtual tool PDF-3D for the
development of the topic “Geometry
of welded joints”

None (I would use only the master class)
I would combine it with the master class, with
greater presence of the virtual tool
I would combine it with the master class with
greater presence of the master class
Absolute (I would eliminate the master class)

What percentage of the course time
would you spend working with the
virtual tool?

From 0% to 100%

Importance of the use of the virtual tool
PDE-3D for the development of the
topic “Geometry of welded joints”

Rate from 1 to 10 each of the
following aspects of the PDF-3D
virtual tool: (i) employability;

(if) interactivity; (iii) motivation;

Likert from 1 to 10 Valuation of the PDF-3D virtual tool

(iv) facility of use; (v) didactic
usefulness; (vi) realism; and

(vii) design

2.3. Analysis of Responses

The main descriptive statistics of the responses to the quantitative questions were
computed (mean, standard deviation and coefficient of variation, skewness, and kurtosis),
and the degree of dependence between them was analyzed employing the correlation test
(bilateral contrast), computed with Spearman’s coefficient. This coefficient was chosen
because all the quantitative variables considered are ordinal and, unlike Pearson’s coeffi-
cient, Spearman’s coefficient is sensitive to any dependence between variables, not only
to linear dependence. With respect to the nominal questions, a descriptive analysis of
the proportions of the responses was performed. The Lilliefors normality test showed
that the answers to the quantitative questions were not normally distributed. Due to this
lack of normality and the small sample size, the Kruskal-Wallis nonparametric test was
chosen to study whether there are significant differences between the mean ratings of the
PDF-3D virtual tool according to the methodology—master class, virtual labs, or mixed
methodology—preferred by the students. As a precondition for the application of the
Kruskal-Wallis test, Bartlett’s test was used to ensure that homoscedasticity in the distribu-
tions could be assumed. Likewise, to check whether the degree of importance given by the
participants to the use of the virtual tool in the classroom influences their evaluations of it,
Spearman’s correlation test was used. All hypothesis contrast tests were carried out at the
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0.05 significance level. The last question of the questionnaire, a free-response question, was
analyzed qualitatively, by a mere description of the frequencies of the different responses,
made by a single rater.

3. Results

The participants give an average rating of 8.14 out of 10 to the topic “Geometry of
Welded Joints”, with a coefficient of variation of 17.38% (corresponding to a standard
deviation of 1.41 out of 10). Pearson’s skewness coefficient is —0.80, which proves that the
distribution of the responses in this respect is slightly asymmetric, with negative skewness,
and leptokurtic, because the coefficient of kurtosis is 0.70.

The rating scale of the PDF-3D virtual tool has a high level of internal consistency
(Cronbach’s alpha = 0.8960). The main descriptive statistics of this scale are shown in Table 2.
All the analyzed dimensions of the virtual tool obtain intermediate-high ratings, with its
usability in the classroom being the most highly rated dimension and also the one with the
smallest deviation from the mean (almost 7%, compared to the rest of the coefficients of
variation, which range from 33% to 40%). Interactivity is the one that receives the lowest
average evaluation. The distributions of all the variables are negatively asymmetric because
the Pearson asymmetry coefficient is negative. The highest negative skewness is found
in the distribution of employability ratings. Likewise, all the distributions are slightly
platykurtic, except that of employability, which is leptokurtic. Finally, the Lilliefors test
statistics do not allow us to assume that the responses are normally distributed for the
aspects assessed (Table 2).

Table 2. Descriptive statistics and Lilliefors normality test of the valuations given to the different
aspects of the PDF-3D virtual tool.

Standard Coefficient

Aspect Mean Deviation of Variation Skewness Kurtosis Lilliefors D p-Value
Employability 9.80 0.69 6.99% -3.19 8.53 0.5348 0.0000
Interactivity 6.76 2.67 39.49% -0.29 -1.28 0.1589 0.0029
Motivation 7.48 2.52 33.65% -0.80 -0.63 0.2018 0.0000
Facility of use 7.48 2.70 36.16% -0.86 -0.67 0.2729 0.0000
Didactic usefulness 7.28 2.70 37.13% -0.60 -1.12 0.1977 0.0000
Realism 7.40 2.72 36.73% -0.74 -0.90 0.2420 0.0000
Design 7.60 2.51 32.99% -0.89 -0.53 0.2234 0.0000

The correlation tests—with bilateral contrast—carried out using Spearman’s coefficient
(Table 3) show that there is a positive, slight but significant dependence between the didactic
relevance attributed by the students to the subject treated in class and their evaluation of
the different aspects of the virtual tool except for its usability and the realism dimension—.
Likewise, all the aspects of the virtual tool that were evaluated have a positive influence
with moderate-high intensity on the rest, except the employability dimension, which does
not have a significant influence on any other dimension.

Table 3. Spearman correlation coefficients between the distributions of answers to quantitative questions.

Interest of Facility of Didactic

the Topic Employability Interactivity Motivation Use Usefulness Realism Design
Interest of the topic 1 -0.1453 0.3884 * 0.2838 * 0.3030 * 0.3364 * 0.1692 0.2815*
Employability 1 0.0258 0.0702 -0.0235 -0.0156 -0.0182 -0.0652
Interactivity 1 0.8414 * 0.7881 * 0.8096 * 0.6933 * 0.6550 *
Motivation 1 0.7267 * 0.7889 * 0.7445 * 0.6473 *
Facility of use 1 0.7136 * 0.6577 * 0.7176 *
Didactic usefulness 1 0.7512* 0.8327 *
Realism 1 0.7698 *
Design 1

* p-value < 0.05.
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When asked about the methodology preferred by the students (Figure 6), 13 of them
chose the master class (26% of the participants), only 7 chose virtual laboratories (14%), and
30 preferred a mixed methodology of master classes and virtual laboratories (60%). There
are 43 participants (86% of the total) who understand that the specific topic that has been
worked on in the classes should be taught by combining the master class with the use of the
virtual tool (Figure 6). Of these, 30 would give more importance to the virtual tool (60% of
the total), and 13 give more importance to the master class (26%). A total of 4 students (8%)
would use only the virtual tool, and only 3 participants (6%) would use only the master
class. Figure 7 shows that 54% of the participants would use the virtual tool less than half
of the class time, but only 4% of the students would not use the tool at all.

8% 6%

26%

26%

60%
14%
60%
® Master class ®m Virtual lab B None (master class only) B Less than master class
Mixed methodology More than master class u Absolute (virtual tool only)
(a) (b)
Figure 6. Proportions of participants according to: (a) the didactic methodology they prefer; and
(b) the presence they would give to PDF-3D in the classroom.
12
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6
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Figure 7. Percentage of class time that participants would use PDE-3D.
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The correlation test with bilateral contrast was carried out using Spearman’s coefficient
between the variable that measures the prominence that should be given to the virtual
tool in the explanation of the topic “Geometry of Welded Joints” and the assessments of
the different aspects of the PDE-3D tool. Previously, the variable on the prominence of
the virtual tool has been quantified according to the increasing order of the intensity of its
presence: (1): elimination of the use of PDF-3D in the subject studied; (2): lesser presence
than the master class; (3): more significant presence than the master class; and (4): absolute
presence, eliminating the master class), since the variable measures an intensity that can be
expressed in terms of ordinal quantities. However, none of the tests results in significant
correlations. Therefore, it cannot be assumed that the ratings of the virtual tool depend on
the frequency with which students would use it in the classroom.

Bartlett’s test with 2 degrees of freedom shows that the ratings of the different aspects
of the PDF-3D virtual tool are distributed with homoscedasticity when differentiated by
the methodology—master class, virtual labs, or mixed methodology—preferred by the
participants (Table 4). The Kruskal-Wallis test with 2 degrees of freedom does not identify
significant differences in the mean ratings of the virtual tool when the participants are
distinguished by the methodology chosen (Table 4).

Table 4. Bartlett’s test statistics for comparison of variances and Kruskal-Wallis test statistics for
comparison of means of the distributions of the responses to the quantitative questions when differ-
entiated by the methodology preferred by the participants.

Bartlett’s K-Square  Bartlett’s p-Value Kruskal-Wallis” Chi-Square Kruskal-Wallis p-Value

Employability
Interactivity
Motivation
Facility of use
Didactic usefulness
Realism
Design

1.7829 0.4101 0.4409 0.8022
1.0148 0.6020 0.6976 0.7055
1.3682 0.5045 0.8153 0.6652
0.5337 0.7658 1.9569 0.3759
1.1082 0.5746 1.0121 0.6029
1.5594 0.4585 2.1852 0.3353
2.7879 0.2481 1.5858 0.4525

The last open-ended question helps to clarify the reasons why students think that the
use of virtual resources in the explanation of the subject is more or less effective than the
master class. The most frequent reasons of those who support that it is more effective are
the following: (i) they help to understand abstract aspects, mainly geometric, that are not
clear in the master class; (ii) they make the subject more fun or entertaining; (iii) they are
interactive resources; (iv) they make the class more interesting; and (v) they allow easier
and faster access to the information. The most frequent reasons given by those who do
not believe that virtual resources are more effective than the master class are the following;:
(i) the master class is better understood; (ii) the use of the virtual tool consumes more of
the student’s autonomous work time than the master class; and (iii) the virtual tool has
distracting elements. Consequently, the students identify, above all, the effectiveness of
the virtual tool in terms of graphic expression of geometric concepts and the motivation
that its use arouses as the main didactics of PDF-3D. In this regard, the high ratings given
by the participants to PDF-3D both in general (question 2) and on the particular topic of
welded joint geometry (question 4) suggest that the effectiveness of the tool is not limited
only to the topic addressed in this research. However, the demand that this tool poses at
the level of autonomous work of the student is seen by many participants as a limitation
because they identify as disadvantages the time consumed by its use and the distracting
danger that it includes.

4. Discussion

The participating students have given very positive assessments of the different
aspects of the PDF-3D tool used in the classroom, mainly its usability as a teaching resource,
technical aspects, such as the design, and didactic characteristics such as the motivation
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it arouses or the ease of use (Table 2). All this implies that students perceive this tool
as useful for facilitating understanding of the subject and increasing their learning in
this regard. This observation is in line with work that has shown that 3D models are
effective in achieving learning in areas of knowledge that deal with complex or abstract
concepts [16,38,50] or that require spatial visualization [25,51]. The works that have been
published describing experiences of the PDF-3D application are somehow linked to the
teaching of some geometry subject or involve geometric aspects for whose learning it is
required to develop a certain level of spatial reasoning [16,38-42].

In this work, the results of applying the PDF-3D virtual tool to a geometric content
topic in engineering have been presented, so that the high ratings obtained by this tool in
its didactic dimensions are in line with previous works [7,35,38,52]. However, it has also
been shown that the importance given by the students to the topic being dealt with in the
subject has a positive influence on their assessment of the virtual tool when it is applied
to that topic (Table 3). This fact suggests that the high ratings expressed do not derive
solely from the geometric nature of the content being worked on, but from the fact that
the students perceive that topic as important, which is likely to make them engage more
intensely with the didactic tool.

The positive appreciations regarding the digital tool are based on the multiple tech-
nical advantages of using PDF-3D, not only for teaching but also for welding fieldwork,
e.g., changing the appearance of objects, sectioning, rotating, and enlarging them [26].
Furthermore, other advantages of PDF-3D are the accessibility and wide diffusion that it
can achieve, thus making this tool one of the most versatile academic technologies currently
available and widely accepted by students [27-29]. It is time to standardize that visualizing
3D models is more manageable than interpreting 2D information [24]. This is because
those who read and interpret the drawings are not the same as those who design them and
generally have a different academic level and, for this reason, it is essential to facilitate the
tasks through a visual “language” that can be understood by all those involved in academic
or manufacturing processes [55-57]. The benefits of this format invite us to extend its use
to other topics of an academic program in welding such as, for example, discontinuities
and defects present in welded joints, pores, lack of penetration, lack of fusion, imperfect
shape and dimensions, cracks, cavities, miscellaneous imperfections, service defects, among
others, which are aspects that should and can be analyzed through their three-dimensional
schematization and presented for their understanding in common PDF documents [57-59].
Additionally, with PDF-3D it becomes possible to analyze the different types of cracks that
can be generated in welded joints, such as those generated in the heat-affected zone [73]
(HAZ), at the bead edges—caused by inclusions [74] and gas porosity [75] —, lamellar
tearing [76]—caused mainly by sulfur inclusions [77], excess of hydrogen [78,79], and the
amount of stress [80] —, solidification cracking [81,82], fatigue cracks [73,83], among others.

However, the welding course students participating in the study found limitations to
using PDF-3D in their classes. Among them, they perceive it as a distracting element and
understand that it requires more work than the master class. Furthermore, as far as it has
been possible to explore, the limitations that the agents involved in the educational process
have pointed out to this virtual tool referred to technical aspects, such as the difficulty in
achieving an adequate resolution for the graphic representations [41]. The identification,
therefore, of limitations of an academic nature perceived by students in this digital resource
is a novel and original contribution of this study.

In addition, it has been shown that the ratings that students give to the PDF-3D tool do
not depend significantly on whether they prefer a more traditional or virtual methodology
or on the degree of prominence that they would give to this didactic resource in the
exposition of the subject (Table 4). This fact suggests that, potentially, the virtual tool will
be well received by the students, which will facilitate the achievement of the learning
objectives, regardless of the methodology to which the students are more accustomed or,
in principle, prefer. This positive reception, suggested by the results obtained here, has
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already been verified in students from other fields, such as health sciences [27,28], who,
moreover, recommend the use of this tool to their peers [29].

It is proposed as a future line of research to carry out an analogous intervention with
a larger sample of students, to corroborate, if necessary, the results obtained here and to
obtain more easily generalizable conclusions. The application of the PDE-3D tool in other
subjects of the student’s curriculum would also allow us to analyze the influence that
the specific subject has on the student’s assessment of the virtual tool. It would also be
useful to identify differences in the opinions expressed by students according to certain
sociological characteristics, such as gender or nationality, or academic characteristics, such
as the fact of being a first-year student or a senior student. All of this requires applying
the virtual tool to a larger sample, distributed homogeneously between males and females
and, where appropriate, made up of students coming from different centers or countries.
Finally, it would be interesting to compare the academic results of the students in the
experimental group with those of the students in a control group in which a traditional
methodology is applied, as has been done previously in the health sciences [49]. In this
way, the level of adequacy of the favorable opinions of the students with the academic
effects of its application in a technical education context can be verified.

5. Conclusions

Throughout the article, the assessment made by a group of students about the didactic
use of the PDF-3D tool to work on spatial thinking in a course on welded joint geometry
has been analyzed. For this purpose, a questionnaire designed by the authors has been
used, and whose answers have been analyzed.

Students give very high ratings to the virtual tool PDF-3D as a resource for learning
the topic “Geometry of Welded Joints”. Moreover, this high rating is mainly due to the
positive opinions that the students have about the motivation towards learning caused by
the use of PDF-3D and the ease of its use. Likewise, the interest shown by the students
in the specific topic that has been worked on in the classroom conditions the assessments
they give to the use of the virtual tool. The identification of the reasons that support these
high valuations is the first element of novelty of the present research. On the other hand,
most of the students prefer a mixed methodology, combining the master class with the use
of virtual tools, but with a greater prominence of the latter. However, the preference for
one or the other methodology does not significantly condition the evaluation of PDF-3D
tools. Consequently, a certain independence of the assessment of PDF-3D with respect to
the methodology generally preferred by the students has been identified, which constitutes
a new element of novelty of the present research.

Based on the opinions and preferences expressed by the students, it is recommended
that technical education teachers introduce the PDE-3D tool into the different subjects
whose contents involve geometric concepts and spatial vision. Likewise, it is suggested
that schools introduce training sessions for technical education teachers on the design of
teaching resources using PDF-3D because such training will probably help teachers to learn
about the tool and choose to include it in their lessons.
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