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Abstract: Specialized lexicography in graphic engineering has never had a tool in dictionary
format that facilitates knowledge acquisition for students and meets their specific lexicographic
needs in a technical university context. This paper presents an initial lemma list for a Spanish dic-
tionary in the field of graphic engineering. The Delphi method has been used to assure expert con-
sensus in this area. In addition, two equally professional surveys have been conducted by an expert
and endorsed by experts. The fundamental concepts are considered, either because of the difficulty
they represent, or due to their importance within our field of knowledge for which engineering
documents and technical standards with technical graphic elements have been employed. Students
have taken part in the process, thereby allowing identification of convergences and divergences
between both groups of participants. The paper concludes with, on the one hand, a final list of
accepted concepts and, on the other, of additional uncertain concepts, which could satisfy diction-

ary user needs and constitute the beginning of a functional online dictionary.
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Opsomming: Die selektering van 'n aanvanklike lemmalys in gespesiali-
seerde leksikografie: 'n Gevallestudie in die veld van die grafiese ingenieurs-
wese. Gespesialiseerde leksikografie in die grafiese ingenieurswese het nog nooit oor 'n hulpmid-
del in woordeboekformaat wat kennisverwerwing vir studente vergemaklik asook hul spesifieke
leksikografiese behoeftes binne 'n tegniese konteks op universiteitsvlak bevredig, beskik nie. Hier-
die artikel bied 'n aanvanklike lemmalys vir 'n Spaanse woordeboek in die veld van die grafiese
ingenieurswese aan. Die Delphi-metode is gebruik om gesaghebbende konsensus in hierdie area te
verseker. Daarbenewens is twee gelykstaande professionele opnames deur 'n kundige uitgevoer en
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deur kundiges bekragtig. Die fundamentele konsepte is oorweeg, 6f weens die uitdagings wat
hulle verteenwoordig, 6f weens hul belangrikheid binne ons kennisveld waarvoor ingenieursdoku-
mente en tegniese standaarde met tegniese grafiese elemente aangewend is. Studente het aan die
proses deelgeneem om sodoende ooreenkomste en verskille tussen beide groepe deelnemers in
aanmerking te neem. Hierdie artikel sluit enersyds af met 'n finale lys aanvaarde konsepte en
andersyds met n lys addisionele vae konsepte wat woordeboekgebruikers se behoeftes sou kon
bevredig en die ontstaan van 'n funksionele aanlyn woordeboek sou kon vorm.

Sleutelwoorde: GESPESIALISEERDE LEKSIKOGRAFIE, FUNKSIONELE AANLYN
WOORDEBOEK, DELPHI-METODE, GEBRUIKERSBEHOEFTES, GESAGHEBBENDE KONSEN-
SUS, GRAFIESE INGENIEURSWESE, WA ARGENOME MOEILIKHEIDSGRAAD VAN KONSEPTE,
VOORAFKENNIS

1. Introduction

This article discusses some of the main issues involved in a lexicographic pro-
ject. Firstly, it aims at conceptualizing an online dictionary targeting Spanish
students of graphic expression in engineering. Secondly, it presents the basics
of research that has "used" experts to select the main and initial lemma list of
the dictionary project and submit their proposal to further scrutiny by the
potential beneficiaries, Spanish students of graphic expression in engineering.

The project is based on the tenets of the Function Theory of Lexicography
(Bergenholtz and Tarp 2003; Fuertes-Olivera and Tarp 2014; Tarp 2008), adding
to its main assumptions a major degree of adaptation to meet potential users'
needs. In this way, we will show how the presentation and representation of
knowledge in the field of Graphic Engineering can be enhanced with the joint
participation of experts and students.

Fuertes-Olivera and Bergenholtz (2011), among others, have analyzed
some of the changes and challenges brought about by the internet, especially
those concerned with lexicographic tasks in production and reception situa-
tions. It is true that the internet facilitates the conception and dynamic devel-
opment of a dictionary as well as the immediate and simultaneous access of an
unlimited number of users to lexicographic and extra-lexicographic data. It is
possible to update an online dictionary as there is the advantage of its being
flexible, dynamic and extensible (Pinnis et al. 2013: 123), resulting in new pos-
sibilities for the representation of specialized lexicography. The social and per-
sonal use of information and communication technologies enables and supports
the initiatives of this representation on devices such as computers, mobile
phones and tablets, indicating new patterns in the use of dictionaries.

The data in an online dictionary can be updated and extended and its arti-
cles (dictionary entries) allow a customized access and retrieval of information.
It must allow for a specific type of information and present a specific selection
of lexicographically treated data conditioned by the user's needs (Fuertes-Olivera
and Bergenholtz 2018: 191). An appropriate methodology enables immediate
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access to data (adding and storing), the content of which is adapted to use
situations. As Tarp states, "The traditional dictionary articles with static data
and fixed structures should be replaced by articles containing dynamic data
which are, so to say, unique for each search related to a specific type of user in
a specific type of user situation" (Tarp 2009: 29). We agree that access to lexico-
graphic and multimedia data presented should satisfy those needs within an
acceptably short time and with the required degree of detail and the data must
be presented in a form that is maximally comprehensible.

In the domain of graphic expression in engineering, data are either scant
or difficult to distinguish and systematize. To the best of our knowledge, there
are no reference works in this field of knowledge. Hence, we have resorted to
novel methods and methodologies for preparing an initial lemma list repre-
sentative of this field and allowing for enlargement. As shown below, we have
used the Delphi method to start our project. This consists of initiating a consen-
sus process by a panel of experts in this area; these are responsible for devel-
oping a Concept inventory for Engineering Graphics, e.g. the method used by
Sadowski and Sorby (2015), who pioneered the use of this technique to produce
such an inventory. The results obtained, in the present study, will be then re-
evaluated by experts and students so as to analyze more focused objectives, i.e.
the ones with which our students are more familiar and in greater need of
assistance. In fields such as business (Czinkota and Ronkainen 1997), engi-
neering (Hallowell and Gambatese 2010) and medicine (Flume et al. 2010) there
are numerous studies that use this technique to formalize the consensus pro-
cess of a panel of experts and to develop explicit recommendations for a
majority of people, but adaptable to the specific needs of individuals.

Graphic communication in engineering involves using visual material to
relate ideas. A drawing is a form of graphic communication that represents an
idea, a concept or an entity which actually or potentially exists in life (Goetsch,
Chalk and Nelson 2000). The domain of graphic engineering requires a com-
plex cognitive process and the conceptual system that assists certain mental
operations in this domain is also complex (Kageura 1997: 119). In this paper, we
aim to demonstrate that it is possible to make this conceptual system accessible
via a lexicographic tool, and to show the characteristics of its lexicographic rep-
resentation. We must first identify the concepts that best fit our objectives,
establish the structure and content of each concept, and verify whether the
Delphi method used in its selection is a success. In each case, we make a pro-
posal for a definition that helps to disambiguate the concept, that is, to deter-
mine the meaning of the concept in the context. The consensus opinion of a
panel of experts minimizes subjectivity, whilst allowing us to draw up a list of
concepts avoiding systematic errors, and define the lexicographic functions of
the dictionary.

Section 2 deals with lemma selection in dictionaries, the influence of the
use of corpora and other recommended methods in specialized lexicography,
the modified Delphi method and the influence of the sources used. We show,
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in section 3, the results acquired in two rounds with experts (as an example of
analysis to support the strategy based on the experience and consensus of a
group of experts) and one extra round with students. Section 4 focuses on the
discussion and analysis of the data, a proposal for concept definition and data
structure of an initial lemma list, together with the convergences and diver-
gences between students and experts. Finally, the conclusion (section 5) attempts
to indicate the practical implications of this project and future research.

2. Material and methods

Following the principles of the Functional Theory of Lexicography and the rea-
soning of the deductive method, the process begins by focusing on the user of
the dictionary, their situation and their needs. Once these premises have been
identified, the nature of the field of specialized knowledge conditions its lexi-
cographic treatment.

A review of the literature on lemma selection processes indicates that
there are four main methods for selecting the lemma list of a new dictionary
project: (a) existing dictionaries; (b) grammar and etymology; (c) canonical texts
(e.g. lemmas must be selected from literary works); and (d) corpora. Authors such
as Bowker and Pearson (2002), Cermak (2003), Pérez Hernandez, Moreno Ortiz
and Faber Benitez (1999), among others, have analyzed the advantages and dis-
advantages of the different methods, including the choice of specialized terms.
For instance, Verlinde and Selva (2009: 598) have studied corpus-based versus
intuition-based lexicography, and have concluded that the former provides the
lexicographer's personal intuition with important and necessary empirical evi-
dence; however, intuition is still useful for filling the gaps that may occur in a
corpus. In other words, the authors have called our attention to the necessity of
submitting any process of lemma selection to a critical analysis, as each way of
selecting has its pros and cons (see Fuertes-Olivera and Tarp 2014 for a review
of this issue). Following this line of thought, we have used a different method
for selecting the initial lemma list of our project, namely, the Delphi method.

2.1  The Delphi method

The Delphi method (Linstone and Turoff 1975) consists of structuring the
communication process of a group of experts who function as a set. The group
is comprised of a selected panel whose opinion is sought via successive strate-
gically designed surveys. We are interested in the fundamental concepts con-
sidered, either because of the difficulty they present, or because of their
importance within the field of knowledge and our field of action. The method
allows us to identify convergences of opinions and predicts provisional con-
sensus in order to finally determine and quantify the consensus of the group. It
is possible to use both quantitative techniques (Rowe and Wright 1999) and



http://lexikos.journals.ac.za; https://doi.org/10.5788/30-1-1596

Selecting an Initial Lemma List in Specialized Lexicography 61

qualitative ones when we are interested in the interpretation, understanding
and experimentation of the social context within which the data are collected,
resulting in a holistic understanding of the latter (Mason 1996). Qualitative
research should be carried out strategically but in a flexible and contextual way
(Mason 2002: 7) so as to obtain highly reliable data from, in our case, reputable
experts.

There are two distinct methods of the Delphi process: the paper-and-pencil
version known as "Delphi Exercise" or conventional Delphi and the "Delphi
Conference" or the real-lucre Delphi version (Linstone and Turoff 1975: 5). The
differences between the two lie in the use of a physical or computer support,
and in that of software for data analysis in the second case. The latter allows, in
real time, the drawing-up of a new questionnaire addressed to the group, but
requires that the characteristics of the communication be defined before the
Delphi process begins. However, in a Delphi exercise with "paper and pencil"
these characteristics can be adjusted for the next round, depending on the answers
obtained in the previous session. In essence, the Delphi technique consists of a
series of sequential questionnaires interspersed by controlled feedback used to
obtain the consensus of opinion from a panel of experts (Powell 2003: 377).

2.1.1 Process

We focus on the expert method endorsed by experts, with, therefore, an expert who
designs the questionnaires that are sent to a group of fellow professionals. To
carry out this work, we have informants chosen among professional professors,
from the graphic expression in engineering (EGI) area of knowledge, to identify
the fundamental concepts, and student informants of an engineering school
(Escuela de Ingenierias Industriales at the University of Valladolid). The members
of the panel of experts are five full-time professors (from a set of ten) in the
field of EGI at the University of Valladolid. They were selected on the basis of
their long experience in EGI (between 26 and 40 years) in subjects such as Metric
Geometry, Representation Systems, Technical Drawing and Computer-Aided
Design and Technical Drawing in industrial engineering degrees.

The first panel of experts' contact is a semi-structured "brainstorm", in
which our research topic is set out whilst considering other topics related to the
fields of knowledge of this research, namely, Lexicography (specifically with
the Function Theory of Lexicography) and the EGI. The contribution to the
debate by the members of the group was enriching and comprehensive; it was
recognized that an online dictionary would represent a real opportunity for
students, due to their needs and their familiarity with digital devices.

Two rounds were carried out with feedback on the results and the paper-
and-pencil option was employed. Once the first paper questionnaire had been
completed, it was returned and the results were analyzed so that the necessary
adjustments could be made depending on the comments received. In accor-
dance with the results and contributions, a second questionnaire was prepared
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based on the assessment of the group response, and the panellists had the
chance to re-evaluate their own answers in light of group responses. The Del-
phi method was modified by including, in the second round, not only the con-
cepts identified by our experts but also some of those identified in the study
conducted by Sadowski and Sorby (2015) on graphic engineering. We accord-
ingly considered and evaluated the impact of all of these items.

2.1.2 Material

The questionnaires are derived from two compendia of practices used in the
student learning process, namely, a theoretical manual on representation sys-
tems and the standard document on the general principles of presentation in
technical drawings. The participants were familiar with the internship docu-
ments, three of them being, in fact, co-authors of the 2018 collection. We con-
sidered it necessary to use a standard as a resource since this involves published
recommendations which provide communicative facts. The resources for the
round I questionnaire statements were as follows:

— Nieto Orfiate, M., V. Gonzalez Garcia and R. Lopez Poza. 1970. Pricticas
programadas de Dibujo Técnico. Delineantes industriales;

— Alvarez Garrote, S., E. Reboto Rodriguez, Q. Rodriguez Ovejero and
M. Escribano Negueruela. 2018. Pricticas de Expresion Grifica 11I;

—  The standard UNE 1-032-82 (1982) corresponding to ISO 128;

— Gonzélez Garcia, V., R. Lépez Poza and M. Nieto Ofiate. 1982. Sisternas de
representacion. Sistema diédrico.

2.1.3 Delphi process and questionnaire

The Delphi process consisted of two rounds conducted with the panel of experts
and a final evaluation. Questionnaire I was not structured, seeking an open
answer (Powell 2003: 378) and, consisted of 111 statements (12 + 22 + 64 + 13);
respondents might firstly identify the relevant concepts and then assess, on a
scale of 1 (little) to 5 (a great deal), the estimated importance and the difficulty
foreseen for a semi-experienced student in the EGI at the university. In all the
statements the participants were given the option to accept (respond), reject
(not respond), provide comments and include the concepts they considered of
interest and which do not appear in the statements. They were asked to iden-
tify, at their discretion, the concepts among the proposed statements, consid-
ering that the set consists of two parts, one verbal and one graphic. Regarding
the four sources, the first two displayed identical characteristics: statements
with a descriptive-informative verbalized statement and graphic support (a
sample item is shown in Figure 1); for the statements corresponding to the
UNE 1-032 (ISO 128) standard, the concepts (verbal and graphic) were previ-
ously identified at source and the standardized verbal denomination was used
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(see Figure 2). The fourth source corresponded to representation systems. In
this case, the concepts were previously identified by an expert and were the
result of decomposition into simple geometric constructions of complex ones,
that is, the decomposition of complex concepts into simpler ones (see Figure 3).
The constructions were analyzed individually, defined and gave rise to new
unified and sometimes reformulated concepts; statements consisted of two
parts, one verbal and one graphic. It should be noted that in these items the
verbal component and the graphic component were equivalent, highlighting
the expressiveness of the graphic component.

*  Croguizar la pieza facilitada al mayor tamafio posible. Las medidas de las
vistas serdn proporcionales a las dimensiones de la perspectiva.

Valora la importancia
Q (o] o o Q
1poco 2 3 4 5 mucho

Valora la dificultad
o o o o o
5 muy dificil

N
w
4

1 muy fécil

COMBATAIIOS: ...ivoiiieivieiiiciie et esa sttt et b s bbb enn et en ISP

Figure 1: Example of a non-structured item with an open answer, with a ver-
bal and graphic component (Source: Questionnaire I)

¢ Vistas pnrticufares/

Valora la importancia A
o o o o o ﬁ
1 poco 5 mucho N N

Valora la dificultad

[N
w
EN

Fg.7
o o o o] o]
1 muy facil 2 3 4 5 muy dificil
C f0s:

Figure 2: Example of concepts identified thanks to their graphic support
(Source: UNE 1-032; ISO 128)
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Parte 3. La minima distancia entre dos rectas que se
cruzan, es la distancia de cualquier punto de la recta s al plano
.

Valora fa importancia
(o] [s] o o] o
1poco 2 3 4 5 mucho

Valora la dificultad
[s] o o] o [s]
1 muy facil 2 3 4 5 muy dificil

Comentarios:

Figure 3: Example of representational systems. Complex concepts are simpli-
fied (Own source)

In questionnaire II, items were specific, e.g. Figure 4, with the aim of having
experts review and either confirm or not confirm the results of the first round.
The results of questionnaire I allowed us to identify, relate and reformulate
questionnaire II. The format avoided ambiguity in the statements so that the
concepts identified by the expert informants were unambiguous and rigorous.
There were 54 concepts previously identified and they were ranked in order
from most to least important, being accepted by at least three experts; as we
have already mentioned, 14 concepts from the aforementioned study by Sadowski
and Sorby (2015) were also added.

e Llocdlizacién del plano de corte
Valora la importancia

[e] (o] [« o] [}
Ipoco 2 3 4 5 mucho

e Teorema de las tres perpendiculares
Valora la importancia

o o o o] (e}
1poco 2 3 4 5 mucho

Figure 4: Example of a specific item without ambiguity (verbal component)
(Own source)

2.1.4 Administration of the questionnaire

The questionnaire was delivered by hand at different moments and there was
no communication between the members while the test was being carried out,
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thereby guaranteeing anonymity. Once the questionnaires had been collected
and the answers analyzed, the results of the first round were passed on to the
participants, who receive the identified concepts in order of greater or lesser
importance according to the group; this constituted the main part of the second
questionnaire. It was necessary to make certain adjustments, because in the
source literature there were anachronistic denominations of the same concept
(and from now on they will appear in the same item), and also because there
was ambiguity in several cases. Some concepts were dismissed because experts
rejected them, and several concepts from the study Concept inventory for Engi-
neering Graphics were incorporated. The second questionnaire was adminis-
tered and carried out analogously to the first one two months later.

2.1.5 Measuring consensus
The degree of consensus is defined by the number of participants who have

identified the concept. We establish four sections, and if at least three partici-
pants have accepted the concept we consider it to be "identified" (Table 1).

Table 1: Terms that define the degree of consensus

Term Participants that accept

Full consensus All participants (5) identify the concept
Very good consensus At least 4 participants identify the concept
Good consensus At least 3 participants identify the concept
Some consensus 1 or 2 participants identify in consensus
Without consensus No participant identifies the concept

2.1.6 Measuring importance assigned to the concept

We quantify the degree of consensus regarding the importance assigned to the
concept among the concepts identified, by at least three experts (Table 2).

Table 2: Terms that define the importance assigned

Importance Average
Very important Media 5
Important Media =4
Slightly important Media =3
Less important Media =2

Without importance 0 = Media =1
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2.2 Student survey

Out of the Delphi process and related with it, this process produces additional
information deriving from a comparison of experts' and students' opinions. As
the final objective of this process is to design a pedagogical cognitive tool, it
must include these identified concepts to successfully fulfil the task of satisfy-
ing users' needs, initially in the academic context and probably in the profes-
sional one at a later date. The fundamental concepts are considered either
because of their difficulty or due to their importance within the field of knowl-
edge; here both experts and students have something to contribute. Currently,
the students are doing an industrial engineering degree at the School of Indus-
trial Engineering (Escuela de Ingenierias Industriales (EII)) at the University of
Valladolid (UVa). We must remember that they are involved in a broad spec-
trum of technical studies (not only in the graphic field). They are taught engi-
neering graphic subjects in their first, third and fifth semesters, respectively.
They were invited to answer the questionnaire if they wished. We made the
second Delphi survey (Figure 5) accessible to these students at the university
online campus for three weeks, and we obtained eighty-six answers. A com-
parative study of, and subsequent reflection on, the difficulty assigned by the
experts and students is summarized in the next section.

Minima distancia entre dos rectas que se cruzan a

Valora la dificultad

Poco Mucho

Figure 5: Minimum distance between two lines that cross (without intersection).
Example of online survey accessible at the moment in (https://docs.
google.com/forms/d/1jj-cYVLXSCgipRPzxShSIAX1QxAURW4vseq
fB0Zd5V4/edit?ts=5dd2590a)
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3. Results

We present the concepts identified by the experts (three is the minimum num-
ber of experts required to accept a concept); these answers constitute the results
of the first round. Experts again give their opinion so that they can reaffirm
their initial assessment, but this time on a document in which the concepts
appear in order of importance decided on by the group; such responses repre-
sent the results of the second round. Finally, we present a comparison of the
opinions of experts and students regarding the difficulty of these concepts.

3.1 First round results

Appendix 1 shows the seventy concepts that at least three experts have
accepted; they show an average greater than 4 in terms of importance (1 is of
little importance and 5 is very important). It also shows their degree of diffi-
culty.

3.2  Second round results

In the second round we present, in Appendix 2, the previously identified and
ordered sixty-seven concepts of greater or lesser importance in the opinion of
the group; the different denominations corresponding to the same concept
have been unified, with the incorporation of some of the concepts of graphic
engineering that were considered for Engineering Graphics Concepts: A Delphi
Study (Sadowski and Sorby 2015), and which are suitable for our target user. In
order to identify and quantify the level of consensus among experts on a series
of concepts belonging to the field of graphic expression in engineering, we
compare the results from both stages (Appendix 3) and establish a high degree
of consensus, namely, a difference of less than or equal to 0.2 points; as a result,
we obtain an initial list of concepts obtained by a consensus of experts. Table 3
summarizes the final statement of 20 concepts agreed on by the experts
together with their ratings. Note that in table 3, the concepts are ordered from
highest to lowest importance in round IL. This should be the case since this sec-
ond questionnaire is definitive because the experts reaffirm and highlight their
opinion when necessary.
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Table 3: Consent concepts by experts

Importance Importance
Concept Round I Round II

1. Acotar 5 5

2. Seguir las normas / Normalizado 5 4,8
3. Eleccion de las vistas 4.8 4,8
4. Rectas horizontales de plano 4,8 4,8
5. Rectas frontales de plano 4,8 4,8
6. Posicion relativa de las vistas 4,71 4,6
7. Teorema de las tres perpendiculares 4,6 4,6
8. Método de proyeccién del primer diedro 4,4 4,6
9. Corte / corte por un plano 43 44
10. Disposicion de los cortes 4,6 44
11. Linea fina de trazos y puntos 4,4 44
12. Rayado de diferentes partes cortadas de una misma pieza 4,4 44
13. Recta perpendicular a un plano 44 44
14. Corte en dngulo / Corte por dos planos concurrentes 44 43
15. Disposicion normalizada de las vistas / Seis vistas normalizadas 4,25 4,2
16. Corte de nervios, elementos de fijacién, drboles, radios de ruedas y otros elementos andlogos 44 4,2
17. Identificar el plano de corte 4,33 4,2
18. Seccion abatida / seccion transversal 42 4

19. Linea fina de trazos 42 4

20. Linea de mdxima inclinacion de un plano 42 4

3.3 Students' assessment

A version of the second survey had been digitally sent and eighty-six students
freely chose to fill in the questionnaire. This allowed us to identify the concepts
that involved some degree of difficulty and that resulted in a cognitive need
that could be satisfied. The minimum difficulty value assigned is 1.65 and the
maximum is 3.45 (1 to 5). It should be noted that of the 20 concepts lower level
of difficulty, 18 correspond to the same UNE 1032 standard (ISO 128) which is
studied in class since the very first day. This reinforces our opinion that the
direct teacher-student relationship is positive. Abstract concepts and those
requiring a working method are perceived as having a higher degree of diffi-
culty. See Appendix 4 for the results.

Likewise, being able to compare the (expert) teacher's point of view with
that of the student allows us to draw conclusions regarding both convergence
and divergence on perceived concept difficulty.
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3.4  Experts and the concepts of Sadowski and Sorby's study

The experts acknowledge the concepts proposed deriving from the work of
Sadowski and Sorby. These are the last fourteen concepts in Appendix 2 and
their importance is rated between 3.5 and 5.

4. Discussion

As a result of the Delphi process, an initial list of concepts is obtained. This list
will be the starting point for further decisions affecting the configuration of the
dictionary and to attain our objectives:

(i) We have an initial lemma list

(if) The data structure must be configured

(iii) We suggest precise definitions adapted to the user

(iv) We analyze the rating when appreciating the difficulty of some concepts

4.1 The initial lemma list

The initial lemma list includes twenty concepts suitable for intermediate stu-
dents of industrial engineering, and which can fulfil their information needs.
This list initiates a process to visualize graphic engineering concepts in terms,
on the one hand, of the verbal part for future engineers and, on the other, of the
graphical part for lexicographers. Each concept may increase the initial lemma
Ipst with both verbal lemmas and graphic lemmas (see our entry for acotar
below).

There are twenty concepts agreed on by the experts (listed in the Results
section) from a set of seventy-one identified and accepted in the process we
have carried out. The initial lemma list consists of twenty concepts and, with
the exception of one, all are multi-word lexical items. This contradicts the
structure and format of many traditional dictionaries, but is in line with current
research on specialized lexicography (Fuertes-Olivera and Tarp 2014).

We firmly believe that we can use the Delphi method to augment an
essential list of concepts in any other sub-field of graphic engineering, whilst
ensuring that the needs of a particular user of a specialized dictionary are met.
In addition, the second questionnaire is available on the university's digital
services and can be reused in the future.

4.2  Configuration of the data structure

We determined the data structure for organizing pieces of information in order
to satisfy user' needs and to provide an efficient repository with access func-
tions. When determining the functions of the dictionary, it is necessary to con-
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sider the visual reference, the structure and functions of the graphic represen-
tation and its functional relationship with the lexical part with which is com-
plemented. We must account some considerations regarding the data storage
structure and the data presentation structure:

— The data storage structure must be a lexicographic record that has a tem-
plate format organized in fields that houses lexical and graphic units that
must be labelled together (whenever possible).

— The data presentation structure must be appropriate for each level of com-
plexity and present simultaneously a verbal component and an associated
graphic component (up to an advanced level). At the initiation level in
EGI, both components are simple and direct textually and graphically. At
an intermediate level both components are complex, so they include pre-
vious reformulations. At an advanced level there is only a graphic compo-
nent or the textual component would be minimal (it would be very com-
plex, imprecise, and incomplete to lexicalize certain geometric concepts or
to lexicalize to precisely define an object to be mass-produced).

Studies on specialized lexicographic need to address the data fields that we
propose to be linked to the types of information required (Fathi 2014). We have
included them in three blocks for each concept: grammatical information,
meaning, and graphic representation. Grammatical information include collo-
cations, lexical relationships (antonyms, synonyms etc.) and a domain label.
Meaning describes as accurately as possible the concept given in literature
definitions, duly standardized, by authors of accredited prestige, before our
proposed definition was given. Graphic representation includes standardized
forms and examples of practical application.

The example of the concept "acotar" (dimensioning) shows how we have
organized the data structure in the abovementioned three sections, each of
which contains subsections:

Concept: acotar (dimensioning) (each "collocation” and 'inflexions' can be
also included as lexical and/or graphic lemmas in future develop-
ments of the online dictionary. Hence, each basic or fundamental con-
cept may result in more than 100 different lemmas in the proposed
dictionary)

1. Grammatical information

Word class: Verbo (verb)

Inflexions: acotacion, cota, acotado

Collocations grouped by domain label: Dibujos técnicos. ACOTACION:
acotacién funcional directa; acotacién funcional indirecta; elementos de acotacion;
método de acotacién; acotacion de radios; acotacién de cotas superpuestas; aco-
tacion en serie; acotacion a partir de un elemento en comiin; acotacion en paralelo;
acotacién por coordenadas; acotacién combinada; acotacién de elementos equidis-
tantes dispuestos linealmente a intervalos; acotacion de elementos equidistantes
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dispuestos angularmente a intervalos; acotacion simplificada de chaflanes; acota-
cién de conjuntos; acotacion de las tolerancias; cota; cota funcional; cota no funcional;
cota auxiliar; cota lineal; cota angular; cifra de cota; linea auxiliar de cota; linea de
cota; cotas superpuestas; lineas de cota oblicuas; cifras de cotas angulares; cota
fuera de escala; simbolo que precede la cifra de cota; disposicion de las cotas;
cadenas de cotas; linea de cota del radio; cota angular; cota de altitud; cota de nivel
Dibujos técnicos. Tolerancias de cotas lineales y angulares: cota con tole-
rancia; cota nominal; cota superior; cota inferior; cota con limite superior; cota con
limite inferior; cota del agujero; cota del eje

Dibujos técnicos. Tolerancias de cotas lineales y angulares: cota con tole-
rancia; cota nominal; cota superior; cota inferior; cota con limite superior; cota con
limite inferior; cota del agujero; cota del eje

Especificaciones geométricas de producto (GPS). Acotado geométrico: acotado
geométrico; acotacion geométrica; acotacion geométrica de piezas; elemento
geométrico acotado; cilindro acotado; superficie media acotada; caracteristica a
acotar; figuras acotadas

Dibujos técnicos. Métodos de proyeccion. Parte 3: Representaciones axono-
métricas: acotados

Dibujos técnicos. Roscas y piezas roscadas: Acotacion de piezas roscadas,
acotar la longitud del roscado, acotar la profundidad del agujero ciego

Meaning

Definitions by authors of accredited prestige and standardized ones:

a. sefialar las magnitudes que determinan la geometria o caracteristicas geo-
métricas de un objeto atendiendo a aspectos tales como funcionamiento, fabri-
cacion, montaje o verificacion de las magnitudes (A. Valin)

b. el proceso de situar las medidas de la pieza sobre el plano, y los elementos que
reflejan las medidas reales de la pieza se denominan cotas (Félez and Mar-
tinez 2008)

c. acotar es dimensionar, las dimensiones y notas describen el tamarfio, el termi-
nado y otros procesos de fabricacion en el dibujo, de tal forma que el objeto
quede total y precisamente definido. Las dimensiones describen el tamafio y la
ubicacion de los elementos de un objeto (Giesecke et al. 2016)

d. (De «cota», niimero.) Poner niimeros o cotas en un plano (Moliner and
Moliner 1998)

Our proposed definition:

e. proceso de consignar sobre la representacion de un objeto sus dimensiones
reales, definiendo con precision el tamafio, la ubicacién y la geometria (si fuera
necesario) teniendo en cuenta el proceso de fabricacién y las recomendaciones
normalizadas de la representacion
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3. Graphic representations
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Figure 6: Examples of practical Figure 7: Standard represen-

application tation UNE 1-039-94
The drawing precisely

defines the geometry and
dimensions of an object.

4.3  Deconstructing definitions

We recommend precise definitions adapted to the user. This means adapting
the definition to their needs and situation. This online dictionary has a defined
data presentation template with the content located in a specific fixed place on
the screen. The data access protocol is also defined and is clickable by user
situation that corresponds to the function of the dictionary. There are adapted
definitions of the same concept because we consider the possibility that the
student needs previous knowledge to progress. In some cases, these adapted
definitions are interpretations and in another, they are possible implications
that a student at a training level is not able to assimilate initially. We start from
the most abstract general definition and present definitions of simpler concepts
that the student may need to review. All the details of this proposal are part of
a doctoral thesis that will be defended in the coming months. The needs men-
tioned occur in an extra-lexicographic situation involving acquisition of techni-
cal principles where prior knowledge is required. According to the Function
Theory of Lexicography, the context of acquiring technical knowledge is obvi-
ously that of cognitive situations. However, the purpose of the drawings used
and the geometric elements involved refer unequivocally to operational (Figure 3)
and interpretative (Figures 6, 7) situations. We note, as an example, the concept
acotar (dimensioning) and a proposed deconstructed definition in case some
prior knowledge must be clarified or made accessible. The information we
consider should be made accessible to the user, e.g. by clarifying its definition
verbally and graphically, as shown below:

Acotar: proceso de consignar sobre la representacién de un objeto sus
dimensiones reales, definiendo con precision el tamaiio, la ubicacion y la geometria
(si fuera necesario) teniendo en cuenta el proceso de fabricacién y las recomen-
daciones normalizadas para la representacion

Dimensioning: the process of adding the true dimensions of an object on
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its representation, defining accurately size, location and geometry (if neces-
sary) considering the manufacturing process and standardized recom-
mendations of the representation

— consignar sobre la representacion de un objeto (adding on the representation
of an object), hace referencia por una parte a que se debe reservar un espacio
para disponer las cotas, por otra, a que son necesarios ciertos elementos que
sittian y definen las cotas con precision y finalmente a que la representacion
puede ser sobre una representacion plana o una perspectiva

— consignar: destinar un lugar o sitio para poner o colocar en él algo (RAE 2014)

— dimensiones reales de un objeto, el objeto puede estar representado a escala
por lo que los valores de las cotas han de ser los correspondientes al objeto real

— definir con precision, hace referencia por una parte que debemos limitar las
lineas de cota al elemento geométrico y por otra parte que debemos acotar sin
ambigiiedad lo que implica no dar informacién dimensional que pueda con-
ducir a una indeterminacion de la geometria

— definir el tamafio implica definir los elementos geométricos que conforman el
objeto y sus caracteristicas y, conocer de antemano las cotas necesarias para
definir el objeto

—  definir la ubicacién de los elementos geométricos y de sus relaciones entre si

— puede ser necesario definir, aclarar, precisar la geometria; se refiere a los
simbolos que preceden a la cifra de cota y que “permiten la identificacion de
las formas y mejoran la interpretacion del dibujo” (UNE 1-039)

— elegimos las dimensiones con aplicacién directa en la fabricacién del objeto,
no las que son consecuencia del proceso de fabricacion

— las pautas para consignar las dimensiones y los elementos que intervienen en
la acotacion de un objeto sobre su representacion esti(n) especificado(s) en
distintas Normas

Figure 8 shows, as an example, the data proposal when starting a query with
the 'acotar' key according to the interpretative function. The basic dictionary
template model is organized into blocks containing: the lemma (key) or concept
and its lexical family; the associated graphic representation; grammatical
information (if necessary); function and definitions or descriptions (depending
on the function).

acotar

| Funcién 2: interpretativa |

Etiqueta de dominio: Dibujos técnicos. ACOTACION
Descripcion: el simbolo de ¢ indica un elemento de
seccion circular y la cifra es el valor del didgmetro. De la
disposicion de las cotas se interpreta una secuencia de
fabricacidn

Figure 8: Acotar key, interpretative function
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From a quantitative perspective, the election of the concept 'acotar' is justified as
an example. As a result of the Delphi method, this concept was identified by all
the experts in questionnaire I, with an average importance of 5 and an average
difficulty of 4.5, and the same results were obtained in questionnaire II. This
reaffirms the initial opinion and consolidates a full consensus of the group of
experts. In addition to our findings we have the results of research by Sadowski
and Sorby (2015), the concept 'dimensioning' occupies position 9 of 39 in the
Concept inventory for Engineering Graphics.

44  Rating of the concepts according to their difficulty

We analyze the rating when appreciating the difficulty of some concepts by
contrasting the opinion of six experts and eighty-six students regarding 52 con-
cepts (see Appendix 5). In the graph (see Figure 9) we can observe the trends,
convergences, divergences and rating of both in absolute terms.

Difficulty assessed by students and experts

Drfficulty (1-5)

1 357 9111315171921 232527 2931333537 3941 434547 4951

A setof 52 Concepts

Figure 9: Difficulty assessed by students and experts with regard to 52 concepts
The dotted line represents the opinion of the experts and the solid
line the opinion of the students.

A relevant finding when we first look at the graph is that the experts generally
assign greater difficulty values to the concepts than the students. However,
they concur on six concepts and a certain parallelism is appreciated in both
lines. Next, we observe a greater oscillation in the rating of concepts by experts
compared to that in the case of students. An explanation of why experts appre-
ciate a greater difficulty regarding concepts is related to their proficient under-
standing of these and their bearing in mind the implications and the external
and internal references. However, in the case of students, there is less oscilla-
tion in the rating given to the concepts. In a learning process, with contact, as in
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this case, between teachers and students, the difficulties presented by the con-
cepts are exposed and resolved, so the degree of difficulty is lower and the per-
ception is more homogeneous.

Both concur when assessing the following concepts: 6 linea llena gruesa
(continuous wide line ISO 128-24); 9 corte longitudinal de una forma de revolucion
(que contiene detalles reqularmente repartidos no situados en el plano de corte y siem-
pre que no se produzca ambigiiedad); 13 corte total o corte por un plano; 27 Disposicion
normalizada; 31 corte en dngulo o corte por dos planos concurrentes and 49 represen-
tacion de elementos repetitivos.

The most prominent divergences appear in the following concepts: 25 seg-
mento paralelo a un plano coordenado; 32 Seccién miiltiple abatida o disposicion de las
secciones sucesivas; 45 indicacion del método de proyeccion and 47 Interrupcion del
rayado. Earlier, we mentioned that the expert recognizes the external impli-
cations of a concept which is more complex. For example, in concept 32, an
expert is aware that an object can also be sectioned by a conical and cylindrical
surface, whereas a student's initial approach would probably be to expect a flat
surface.

It is worth highlighting the concepts that experts perceive as involving
greater difficultly and those which are more difficult for students (four from
those of expert assessment and eight from the students'). It should be noted
that two concepts appear in both choices:

The concepts which, according to the experts, imply much greater diffi-
culty vis-a-vis the other:

— 2. Acotar

— 3. Seguir las normas/normalizado

—  24. Teorema de las tres perpendiculares

— 51. Linea de méxima inclinacion de un plano

The concepts which, in the opinion of the students, are considerably more diffi-
cult than the others:

— 3. Seguir las normas/normalizado

— 9. Corte longitudinal de una forma de revolucion (que contiene detalles regular-
mente repartidos no situados en el plano de corte y siempre que no se produzca
ambigiiedad)

— 16. Planos no paralelos a los de proyeccion

—  24. Teorema de las tres perpendiculares

—  29. Rosca métrica

—  32. Seccién miiltiple abatida o disposicién de las secciones sucesivas

— 44 Seccién abatida o seccion transversal

—  50. Segmento minima distancia

We propose adding these concepts, in a second phase of the project, to the
twenty concepts of the initial lemma list. This means adding six concepts to the
initial list. These concepts are identified as numbers 9, 16, 29, 32, 34 and 50.
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Finally, we must cite the cases, hitherto unmentioned, in which the stu-
dents assign greater difficulty to a concept than the experts: 25 segment paralelo
a un plano coordenado; 45 Indicacion del método de proyeccion; 47 interrupcion del
rayado. In fact, in these three cases the difficulty assigned by both students and
experts is less than three. However, since there is a discrepancy we will ensure
the inclusion of these elements in successive phases.

5. Conclusion

Specialized concepts require specialized codes for their definition and repre-
sentation and, therefore, differentiated criteria are required to compile a spe-
cialized dictionary. This study concerns "an expert method endorsed by more
experts", using the Delphi technique to identify and agree on an expert list of
concepts that are not dealt with from a lexicographic point of view in the lit-
erature on EGI. We have been able to visualize certain concepts that students
find slightly or considerably difficult, a factor which will probably hinder their
learning. We believe that the difficult concepts, identified as such by experts
and tested by students, must be included in our dictionary proposal in order to
fulfil their cognitive needs.

We mainly, but not exclusively, propose, in line with the tenets of the Func-
tion Theory, a cognitive function dictionary (Bergenholtz and Nielsen 2006: 287)
with online access. This will contain and present multimedia data on a special-
ized area of knowledge, involving both a verbal and a graphic component in
coexistence, depending on operations relating to communication or enquiry. As
"functions are the heart and soul of lexicography", it is understandable that
lexicographic functions govern decisions about content, form, preparation and
access to lexicographic data. Our proposal is for specialized lexicography and
an online dictionary which is "multi-functional allowing for individualized
data access" (Fuertes-Olivera and Tarp 2014: 62-64), as we have already men-
tioned (see Section 4.3.)

We believe that communicative, cognitive, operational and interpretive situa-
tions take place in a specialized learning context in the field of graphic engi-
neering. All of them do not take place every time and at the same time, but it
depends on the characteristics and needs of the users' and their situation. A
general notion of graphic expression in engineering indicates that:

— adrawing (a projection of an idea or an object onto a plane) is a "message”
that can avoid language barriers

— it deals with a process of acquiring practical knowledge for engineers

— to manufacture any single object, it must first have been graphically
defined and drawn

— some of the drawings (iconic representation) shown in this study (figure 3
and 6) can and should be interpreted with the appropriate prior knowl-
edge.



http://lexikos.journals.ac.za; https://doi.org/10.5788/30-1-1596

Selecting an Initial Lemma List in Specialized Lexicography 77

In the near future, it may be necessary to expand the literary sources within the
field of study (diedric system, axonometric system, UNE and ISO standardiza-
tion), other fields within EGI (CAD) and extensively to Industrial Graphic
Engineering. The structure defined for the data (grammatical information,
meaning and graphic representation) in this study is applicable to all the dic-
tionary entries with a verbal and graphic presentation for each of the colloca-
tions. It is possible and advisable to repeat the Delphi method with expert
engineers and the questionnaire on the online campus with future students,
thereby enlarging the results and content of the dictionary.

We believe that it will be necessary to explain the nature of the graphic
component and the linguistic-graphic relationship for identifying and repre-
senting particular specialized knowledge in EGI. It is a fact that the domain of
graphic engineering requires a complex cognitive process, and that the con-
ceptual system underlying many of the mental operations in this area is also
complex (cf. Kageura 1997: 119), these mental operations require geometric
constructions with points, lines and surfaces. It is likely that future consulta-
tions on an online specialized dictionary can be made for graphic units that
represent graphic concepts, ideas and objects.
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Appendix 1: Results of the first round of the Delphi method including the
degree of consensus

Round I RESULTS
Importance* Consensus*  Difficulty***
Identified Concept given (1-5) * appreciated (1-5)
1 Croquizar 45 Good 2.8
2 Posicion relativa de las vistas 471 Good 3.2
3 Minimas vistas necesarias 4.66 Good 42
4 Seccion 4.6 Full 3.6
5 Seccién total 4.75 Very good 3.25
6 Media seccién 4 Good 3.5
Media seccion con giro 4 Very good 4
7 Seccion en dngulo 44 Full 3.6
8 Seccién milltiple abatida 44 Full 3.2
9 Secciones auxiliares 4 Good 3.6
10 Planos no paralelos a los de proyeccién 4.66 Good 35
11  Escala 4.42 Good 3.66
12 Seis vistas normalizadas 425 Very good 2.75
13 Croquis de la perspectiva 4.33 Good 3.66
14  Medio corte 4,13 Full 3
15  Corte quebrado 4.5 Very good 4
16  Identificar el plano de corte 4.33 Good 3.1
17 Seccién abatida 42 Full 3.6
18  Acotar 5 Full 45
19  Seguir las normas 5 Full 44
20 Rosca métrica 45 Very good 3.5
21 Coeficiente de reduccién 4.33 Good 4
22 Croquis de definicién 4.33 Good 3
23 Rosca métrica de paso fino 4 Very good 4
24 Croquis de producto terminado 4.75 Very good 3.25
25 3/8 de pulgada 4 Good 3.6
26  Denominacion de las vistas 44 Full 2.6
27 Meétodo de proyeccion del primer diedro 4.8 Full 2.8
28  Indicacion del método de proyeccion 4.2 Full 2.2
29 Eleccién de las vistas 4.8 Full 3.6
30  Vistas parciales 4 Full 24
31  Linea llena gruesa 4.8 Full 22
32 Linea llena fina 44 Full 2.4
33 Linea llena fina a mano alzada 4 Full 2.2
34 Linea fina de trazos 42 Full 24
35 Linea fina de trazos y puntos 44 Full 24
36  Traza del plano de corte 4.6 Full 3.2
37 Anchura de la linea 4.6 Full 2.6
38  Orden de prioridad de lineas coincidentes 48 Full 3.8
39 Lineas de referencia 4 Full 24
40  Rayado 4.6 Full 2.8
41  Rayado de diferentes partes cortadas de 44 Full 3.2

una misma pieza
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42
43
44
45
46
47

48
49
50
51
52

53
54
55
56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

Interrupcion de rayado

Corte

Plano de corte

Disposicién de los cortes

Localizacion del plano de corte

Corte de nervios, elementos de fijacién,
drboles, radios de ruedas y otros elementos
andlogos

Corte por un plano

Corte por dos planos paralelos

Corte por planos sucesivos

Corte por dos planos concurrentes

Corte longitudinal de una forma de revolu-
cion que contiene detalles reqularmente
repartidos y no situados en el plano de
corte, y siempre que no se produzca
ambigiiedad

Secciones abatidas con desplazamiento

Secciones abatidas sin desplazamiento

Corte local

Disposicion de las secciones sucesivas

Vistas interrumpidas

Representacion de elementos repetitivos

Detalles representados a escala mayor

Minima distancia entre dos rectas que se
cruzan

Recta perpendicular a un plano

Teorema de las tres perpendiculares

Segmento minima distancia

Segmento paralelo a un plano coordenado

Verdadera magnitud de un segmento a
partir de sus proyecciones

Angulo recta-plano

Rectas horizontales de plano

Rectas frontales de plano

Linea de mdxima pendiente de un plano

Linea de mdxima inclinacion de un plano

4.2
4.8
4.6
4.6
4.6
44

44
4.2
44
44
4.8

4
4
4
44
4
4.2
4
4.3

44
4.6
4.2
4.6
4.8

4
4.8
4.8

4
4.2

Full
Full
Full
Full
Full
Full

Full
Full
Full
Full
Full

Full
Full
Full
Full
Full
Full
Full
Full

Full
Full
Full
Full
Full

Full
Full
Full
Full
Full

22
34
3.6
3.8
34
3.6

3.2
34
3.5

34
2.8
2.6
3
2.6
2.8
24
34

3.6
4.6
3.6
2.6

32

3

3

3
4.4
4.6

* The Importance given (from 1 to 5) is the criterion for belonging to the initial lemma list.
** The Consensus is considered if at least three panelists identity that concept
*** The Difficulty appreciated (from 1 to 5) permits a comparison of two points of view:

those of experts and students.
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Appendix 2: Results of the second round of the Delphi method

Round IT RESULTS
Importance
Concept gifen (1-5)

1 Vistas suficientes / Minimas vistas necesarias / Vistas necesarias para definir ... 4.8
2 Acotar 5

3 Segquir las normas / Normalizado 4,8
4 Mecanizar superficies 3.6
5 Denominacién de las vistas 44
6  Eleccion de las vistas 438
7 Linea llena gruesa 44
8  Orden de prioridad de lineas coincidentes 4

9 Corte / corte por un plano 44
10 Corte longitudinal de una forma de revolucion que contiene detalles regularmente 3,8

repartidos y no situados en el plano de corte, y siempre que no se produzca ambigiiedad

11 Verdadera magnitud de un segmento a partir de sus proyecciones 44
12 Rectas horizontales de plano 438
13 Rectas frontales de plano 4,8
14 Corte total / Corte por un plano 44
15 Croquis de producto terminado 44
16  Posicién relativa de las vistas 4,6
17 Planos no paralelos a los de proyeccién 4

18  Seccién 38
19 Traza del plano de corte 4.2
20  Anchura de la linea 3,8
21 Rayado 4

22 Plano de corte 42
23 Disposicién de los cortes 44
24 Localizacién del plano de corte 4

25 Teorema de las tres perpendiculares 4,6
26 Segmento paralelo a un plano coordenado 44
27 Croquizar 4,2
28  Disposicién normalizada de las vistas / Seis vistas normalizadas 4,2
29 Corte quebrado / Corte por planos sucesivos 4,2
30 Rosca métrica 42
31 Escala 48
32 Corte en dngulo / Corte por dos planos concurrentes 43
33 Seccion miiltiple abatida / Disposicion de las secciones sucesivas 4

34 Meétodo de proyeccion del primer diedro 4,6
35 Linea llena fina 38
36 Linea fina de trazos y puntos 44
37 Rayado de diferentes partes cortadas de una misma pieza 44
38  Corte de nervios, elementos de fijacion, drboles, radios de ruedas y otros elementos andlogos 4,2
39 Minima distancia entre dos rectas que se cruzan 3

40 Recta perpendicular a un plano 44
41 Croquis de la perspectiva 3,8
42 Identificar el plano de corte 42
43 Coeficiente de reduccion 3,6
44 Croquis de definicién 5
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45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

Seccién abatida / seccion transversal

Indicacion del método de proyeccion

Linea fina de trazos

Interrupcion de rayado

Corte por dos planos paralelos

Representacion de elementos repetitivos

Segmento minima distancia

Linea de mdxima inclinacién de un plano

Medio corte o corte al cuarto

Plano de proyeccion

Plano de referencia

Plano Datum

Cota de situacion

Ortogonal, perpendicular, normal

Plano representado por una linea, plano proyectante
Direccion y sentido de la visual / Linea (direccion) de observacion
Verdadera forma

Verdadera dimension-magnitud

Elemento de revolucion

Alineamiento de las vistas

Perspectiva estallada

Proyeccion cilindrica ortogonal / vistas ortogonales
Oblicuo / NO ortogonal

34

3,8
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Appendix 3: Comparative summary of the importance perceived by the
experts in round I and round II

Concept Importance in round I Importance in round II
1 Vistas suficientes / Minimas vistas necesarias / 4,8 4,8
Vistas necesarias para definir ...
2 Acotar 5 5
3 Seguir las normas / Normalizado 5 4,8
5  Denominacion de las vistas 4.8 4,4
6 Eleccion de las vistas 4,8 4,8
7 Linea llena gruesa 4,8 44
8  Orden de prioridad de lineas coincidentes 48 4
9 Corte / corte por un plano 4,3 4,4
10  Corte longitudinal de una forma de revolucion 4,8 3,8
que contiene detalles regularmente repartidos
y no situados en el plano de corte, y siempre
que no se produzca ambigiiedad
11 Verdadera magnitud de un segmento a partir 4,8 44
de sus proyecciones
12 Rectas horizontales de plano 4,8 4,8
13 Rectas frontales de plano 4,8 4,8
15 Croquis de producto terminado 4,75 44
16  Posicion relativa de las vistas 4,71 4,6
18  Seccion 4,6 3,8
19 Traza del plano de corte 4,6 4,2
20  Anchura de la linea 4,6 38
21  Rayado 4,6 4
22 Plano de corte 4,6 4,2
23 Disposicion de los cortes 4,6 4,4
24 Localizacion del plano de corte 4,6 4
25  Teorema de las tres perpendiculares 4,6 4,6
26  Segmento paralelo a un plano coordenado 4,6 44
27  Croquizar 4,5 4,2
28  Disposicion normalizada de las vistas / Seis 4,25 42
vistas normalizadas
29  Corte quebrado / Corte por planos sucesivos 4,45 4,2
30 Rosca métrica 4,5 4,2
31 Escala 4,42 4,8
32 Corte en dngulo / Corte por dos planos con- 44 43
currentes
33 Seccién miiltiple abatida / Disposicién de las 44 4
secciones sucesivas
34 Meétodo de proyeccion del primer diedro 4,4 4,6
35  Linea llena fina 44 3,8
36  Linea fina de trazos y puntos 44 44
37  Rayado de diferentes partes cortadas de una 44 44
misma pieza
38  Corte de nervios, elementos de fijacién, drboles, 44 4,2
radios de ruedas y otros elementos andlogos
39 Minima distancia entre dos rectas que se cruzan 4,3 3

40  Recta perpendicular a un plano 44 44
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42
46
47
48
49
50
51
52
53

Identificar el plano de corte

Seccidn abatida / seccién transversal
Indicacién del método de proyeccion
Linea fina de trazos

Interrupcion de rayado

Corte por dos planos paralelos
Representacion de elementos repetitivos
Segmento minima distancia

Linea de mdxima inclinacion de un plano

433
4,2
4,2
42
42
4,2
42
42
42

4,2
4
34
4
34
3,6
3,8
38
4
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Appendix 4: Results of students' opinions

The students quantify the difficulty of the Delphi second round concepts

Concepts

Difficulty (1-5)

—_

= O o NGk W

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39
40
41
42

Vistas suficientes / Minimas vistas necesarias / Vistas necesarias
para definir

Acotar

Seguir las normas / Normalizado

Mecanizar superficies

Denominacion de las vistas

Eleccién de las vistas

Linea llena gruesa

Orden de prioridad de lineas coincidentes

Corte

Corte longitudinal de una forma de revolucién que contiene
detalles reqularmente repartidos y no situados en el plano de
corte; y siempre que no se produzca ambigiiedad

Verdadera magnitud de un segmento a partir de sus proyecciones

Rectas horizontales de plano

Rectas frontales de plano

Corte total / Corte por un plano

Croquis de producto terminado

Posicién relativa de las vistas

Planos no paralelos a los de proyeccion

Seccién

Traza del plano de corte

Anchura de la linea

Rayado

Plano de corte

Disposicion de los cortes

Localizacion del plano de corte

Teorema de las tres perpendiculares

Segmento paralelo a un plano coordenado

Croquizar

Disposicién normalizada

Corte quebrado / Corte por planos sucesivos

Rosca métrica

Escala

Corte en dngulo / Corte por dos planos concurrentes

Seccion miiltiple abatida / Disposicion de las secciones sucesivas

Meétodo de proyeccion del primer diedro

Linea llena fina

Linea fina de trazos y puntos

Rayado de diferentes partes cortadas de una misma pieza

Corte de nervios; elementos de fijacion; drboles; radios de ruedas y
otros elementos andlogos

Minima distancia entre dos rectas que se cruzan

Recta perpendicular a un plano

Croquis de la perspectiva

Identificar el plano de corte

2,70

2,80
3,13
3,22
2,10
2,93
2,20
2,83
3,20
3,34

2,63
2,37
2,33
2,25
2,79
2,35
3,19
3,06
2,64
2,32
1,65
2,49
2,78
1,94
3,21
2,99
2,40
2,67
3,02
3,11
2,51
3,29
343
2,15
2,12
1,86
2,14

2,60
2,93
2,46
2,52
2,65
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43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

Coeficiente de reduccion

Croquis de definicion

Seccién abatida / seccion transversal

Indicacién del método de proyeccién

Linea fina de trazos

Interrupcion de rayado

Corte por dos planos paralelos

Representacion de elementos repetitivos

Segmento minima distancia

Linea de mdxima inclinacion de un plano

Medio corte o corte al cuarto

Plano de proyeccion

Plano de referencia

Plano Datum (de medidas)

Cota de situacién

Ortogonal; perpendicular; normal

Plano representado por una linea; plano proyectante
Direccién y sentido de la visual / Linea (direccién) de observacion
Verdadera forma

Verdadera dimension

Elemento de revolucion

Alineamiento de las vistas

Perspectiva estallada

Proyeccién cilindrica ortogonal / vistas ortogonales
Oblicuo / NO ortogonal

2,76
2,62
3,08
2,90
2,12
2,57
2,25
2,57
3,23
3,07
2,35
2,45
2,70
3,45
3,05
2,52
2,87
2,80
2,83
3,02
2,78
2,59
3,36
3,00
3,28
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Appendix 5: Comparison of the students' perceived difficulty and that of the
experts

Students Experts

Concepts difficulty difficulty

1 Vistas suficientes / Minimas vistas necesarias / Vistas necesarias para

definir 2,70 42
2 Acotar 2,80 4,5
3 Seguir las normas / Normalizado 3,13 44
4 Denominacion de las vistas 2,10 2,6
5 Eleccion de las vistas 2,93 3,6
6 Linea llena gruesa 2,20 2,2
7 Orden de prioridad de lineas coincidentes 2,83 38
8 Corte 3,20 34
9 Corte longitudinal de una forma de revolucién que contiene detalles

reqularmente repartidos y no situados en el plano de corte; y siempre 3,34 3,5

que no se produzca ambigiiedad
10 Verdadera magnitud de un segmento a partir de sus proyecciones 2,63 32
11 Rectas horizontales de plano 2,37 3
12 Rectas frontales de plano 2,33 3
13 Corte total / Corte por un plano 2,25 24
14 Croquis de producto terminado 2,79 3,25
15 Posicion relativa de las vistas 2,35 32
16 Planos no paralelos a los de proyeccion 3,19 35
17 Seccion 3,06 3,6
18 Traza del plano de corte 2,64 3,2
19 Anchura de la linea 2,32 2,6
20 Rayado 1,65 2,8
21 Plano de corte 2,49 3,6
22 Disposicion de los cortes 2,78 3,8
23 Localizacion del plano de corte 1,94 34
24 Teorema de las tres perpendiculares 3,21 4,6
25 Segmento paralelo a un plano coordenado 2,99 2,6
26 Croquizar 2,40 2,8
27 Disposicion normalizada 2,67 2,75
28 Corte quebrado / Corte por planos sucesivos 3,02 3,6
29 Rosca métrica 3,11 35
30 Escala 2,51 3,66
31 Corte en dngulo / Corte por dos planos concurrentes 3,29 34
32 Seccion miiltiple abatida / Disposicion de las secciones sucesivas 3,43 3,1
33 Meétodo de proyeccion del primer diedro 2,15 2,8
34 Linea llena fina 2,12 24
35 Linea fina de trazos y puntos 1,86 24
36 Rayado de diferentes partes cortadas de una misma pieza 2,14 32
37 Corte de nervios; elementos de fijacién; drboles; radios de ruedas y

otros elementos andlogos 2,60 3,6
38 Minima distancia entre dos rectas que se cruzan 2,93 34
39 Recta perpendicular a un plano 2,46 3,6
40 Croquis de la perspectiva 2,52 3,66
41 Identificar el plano de corte 2,65 31
42 Coeficiente de reduccién 2,76 4
43 Croquis de definicion 2,62 3

44 Seccion abatida / seccion transversal 3,08 3,6
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45 Indicacion del método de proyeccién

46 Linea fina de trazos

47 Interrupcion de rayado

48 Corte por dos planos paralelos

49 Representacion de elementos repetitivos
50 Segmento minima distancia

51 Linea de mdxima inclinacion de un plano
52 Medio corte o corte al cuarto

2,90
2,12
2,57
2,25
2,57
3,23
3,07
2,35

2,2
24
2,2
3
2,8
3,6
4,6
3






