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Abstract  
In the Bachelor’s Degree in Industrial Design and Product Development Engineering at Jaume I 
University (UJI) in Castellón (Spain) there are four coordinated courses related to Technical Drawing 
and Computer Aided Design. During the first year of the degree, the two one semester courses of 
Technical Drawing and Graphics I & II, have the aim of providing the ability to understand 
orthographical systems, and sketching engineering technical drawings. In the second year of the 
degree, the Computer Aided Design (CAD) I course is aimed at developing the abilities needed to 
draw with CAD applications and to improve skills and capabilities of students for engineering technical 
drawings, using mainly the 2D drawing module of a CAD commercial software package. Finally, in the 
third year, the aim of the CAD II course is to improve those same abilities and skills but using a 3D 
CAD system.  

Over the years, the experience of teachers of these coordinated courses have shown that some terms 
and concepts of engineering usually needed for technical drawings are not completely understood and 
therefore assimilated by students during the first year, being this a barrier for the following courses. In 
order to improve the learning experience of students, a conceptual and visual glossary has been 
designed as a supportive tool for practical sessions and exams. This glossary contains the terms 
related to each of the four courses which have been considered the most relevant by teachers. A total 
of 10 cards (one per term) have been completed till now, including information such as a picture, the 
definition of the term and the standard designation. In addition, they also contain graphic information 
about standard representation, and photorealistic images, allowing the complete comprehension of 
each of the terms by the students. Examples of these terms are concepts related to different types of 
holes (cylindrical blind hole, cylindrical through hole, threaded blind hole, threaded through hole, 
counterbore and countersink) and some features of parts (slot, rib, keyway/keyseat and round and 
chamfer edges). Once the first version of the glossary was designed, a practical experience was 
developed, in which the students used this glossary during the two courses that are developed during 
the same semester (Technical Drawing and Graphics II and CAD II) while performing some practical 
sessions and midterm exams. After this, a questionnaire was designed with the aim of knowing the 
perception of students regarding the usefulness of the glossary. The appropriateness of the use of 
conceptual and visual glossary is shown as a learning tool to improve the comprehension of key terms 
at courses related to Technical Drawing and Computer Aided Design. On the other hand, the study 
helped us to know whether the information supplied was enough or it is worthy to extend the number 
of terms. 

Keywords: Computer Aided Design, Technical Drawing, learning tool, glossary, Industrial Design and 
Product Development Engineering.  

1 INTRODUCTION  
In the Bachelor’s Degree in Industrial Design and Product Development Engineering (IDPDE) at 
Jaume I University (UJI) in Castellón (Spain) there are four coordinated courses related to Technical 
Drawing (TD) and Computer Aided Design (CAD). These courses have the aim to develop certain 
competences of students as well as to achieve some specific learning outcomes related, for example, 
to the ability of applying spatial representation systems and graphic representation techniques or to 
acquire the knowledge of descriptive geometry and metric geometry, improving as well the ability to 
sketch and the ability to draw and model with CAD.  

The two one semester courses of Technical Drawing and Graphics I & II (TDG I & TGD II) are 
developed during the first year of the degree, while in the second year of the degree, the Computer 
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Aided Design I (CADI) course is aimed at developing the abilities needed to draw with CAD 
applications. Finally, in the third year, the CAD II course is aimed at improving those same abilities 
and skills but using a 3D CAD system. However, one of the common problems found in these courses 
is that some terms and concepts of engineering, usually needed for technical drawings, are not 
completely understood and therefore assimilated by students being this a barrier for the following 
courses. 

According to McGrath & Brown [1], in order to develop appropriate skills in the field of science and 
engineering, visual learning is necessary, so learning and supportive tools are needed in order to 
improve this comprehension. 

There are different studies that analyse how to improve these skills by using different technologies and 
methodologies like CAD-related abilities [2, 3]. In addition, there are other techniques that help 
students understanding the content, such as the use of Moodle tools [4], the use of evaluation criteria 
methods [5], or the application of peer-assessment and objective evaluation as a self-learning tool in 
3D design [6]. 

However, the key tool to improve the knowledge is sometimes the simplest one, such as a glossary of 
terms. A glossary of key terms is composed by formal definitions of the most relevant concepts used 
throughout a chapter or book, and it is a quite common section in books related to these subjects [6, 
7]. However, a glossary of terms is not enough to achieve the total comprehension of concepts, since 
it is based on definitions without visual stimulus. With this approach, Martin-Gutiérrez and Meneses [8] 
developed, through new technologies such as Augmented Reality (AR), an augmented book intended 
for the study of mechanical engineering subjects, using different cards with specific information to 
improve the learning experience of students. 

With this approach, the authors consider that a simple glossary of terms is not enough to understand 
completely the concepts of courses related to TD and CAD while the use of AR is unreasonable 
considering the boundaries of the study. With this approach, the design of a conceptual and visual 
glossary is proposed, providing information in several ways between a simple glossary of terms and 
an application of AR. 

Given that there are four coordinated courses related to TD and CAD in the Bachelor’s Degree of 
IDPDE at Jaume I University (UJI) in Castellón (Spain), the development of a common conceptual and 
visual glossary of terms able to be used regardless of the course, it would be the optimal solution to 
improve the knowledge and comprehension of students. Thus, a pilot experience using the conceptual 
and visual glossary is developed to know the perception of students and the usefulness of this 
supportive tool. 

2 METHODOLOGY 
Two main stages were followed in order to complete the experience, being these, on one hand, the 
definition and design of the conceptual and visual glossary and on the other, the definition of a survey 
for students to evaluate the glossary. 

2.1 Definition, design and use of the conceptual and visual glossary  

2.1.1 Review and selection of terms and contents 
Some previous reviews of different terms and concepts for every single course are needed in order to 
select those that are considered the most interesting ones for students. After an exhaustive review of 
different material, a list of 34 terms was initially developed including different types of holes (cylindrical 
blind hole, cylindrical through hole, threaded blind hole, etc.) geometrical forms (cylindrical section, 
semi-cylindrical section, conical section, etc.), parts of figures (axis, main body, rib, vertical guide, 
spherical cap, conical trunk section, etc.) and CAD operations (extrusion, chamfer, round, etc.). These 
terms were voted by 8 teachers in charge of courses of TDG II, CAD I and CAD II, selecting for this 
pilot experience the 10 terms which were most voted. These terms were concepts related to different 
types of holes (cylindrical blind hole, cylindrical through hole, threaded blind hole, threaded through 
hole, counterbore and countersink) and some features of parts (slot, rib, keyway/keyseat and round 
and chamfer edges). 

According to the contents, it was decided that each card should contain a real picture of the concept, a 
written definition of the term, the standard designation and some other terms related with this. In 
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addition, realistic CAD representations, hidden/visible lines representation and some orthographic 
views with cutting planes were added in, as they would be helpful to describe the term and improve its 
comprehension. Finally, some examples of the terms being part of a piece were also included (in 
graphical form), in order to familiarize the student with the use of the specific terms. 

2.1.2 Design of the cards for each term 

Once the terms were selected as well as the contents of the cards, the design and format of the pages 
of the glossary were developed. In first place, some different distributions of information were tried, 
being the final format of the front side of the card shown in Figure 1, while an example of the back side 
of the card is show in Figure 2. 

Name of	  the term

Picture	  (real) Definition of	  the term

Standard	  designation

Some	  related	  terms

Realistic CAD	  representation Hidden/	  visibles	  lines Orthographic views,	  with cutting
planes.  

Figure 1. Card sample (front side). Case of the threaded through hole. 

Examples of	  
hidden/visible	  

lines

Examples of	  orthographic
views with cutting planes

Examples of	  
different figures

 
Figure 2. Card sample (back side). Case of the threaded through hole. 

2.1.3 Use of the conceptual and visual glossary by the students 
Once the glossary was finished and reviewed by teachers, a practical experience was developed, in 
which the students used this glossary during the two courses that were developed during the same 
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semester (TDG II and CAD II). The students could use the glossary while performing some practical 
sessions and midterm exams. It was available in both digital and paper version, in order to be 
accessible at any time by the students.  

2.2 Evaluation of the conceptual and visual glossary 
Once the students had used the glossary during some sessions, a survey to evaluate their perception 
was defined. The objective was to determine the usefulness of the glossary as well as to obtain 
possible improvements to incorporate in the following versions. As shown in Table 1, questions were 
divided into five parts with different objectives. 

Table 1. Questions included in the survey with their aim. 

Aim  Question Possible Answers 

To know the profile 
of students 

1. Please indicate in which subject you have used 
the glossary 

1. Technical Drawing and Graphics II 
2 .CAD II 

To know the 
usefulness of the 
glossary 

2. The glossary has been useful to better relate the 
term to the geometric form referred to 

1. Strongly disagree/ 2. Disagree/ 3. 
Neither agree nor disagree/ 4. 

Agree/ 5. Strongly Agree 

3. The glossary has been useful to better relate the 
term to its representation 

1. Strongly disagree/ 2. Disagree/ 3. 
Neither agree nor disagree/ 4. 

Agree/ 5. Strongly Agree 

4. The glossary has been useful to extend the 
knowledge of concepts about terms that I did not 
know 

1. Strongly disagree/ 2. Disagree/ 3. 
Neither agree nor disagree/ 4. 

Agree/ 5. Strongly Agree 

5. The glossary of terms has been useful to better 
understand what the statement of a problem asks 
and what I have to do to solve it 

1. Strongly disagree/ 2. Disagree/ 3. 
Neither agree nor disagree/ 4. 

Agree/ 5. Strongly Agree 

6. The glossary of terms has been useful to KNOW 
how to include in the drawing the right designation 
of parts of an assembly drawing 

1. Strongly disagree/ 2. Disagree/ 3. 
Neither agree nor disagree/ 4. 

Agree/ 5. Strongly Agree 

7. The glossary of terms has been useful to better 
complete the activities of the subject 

1. Strongly disagree/ 2. Disagree/ 3. 
Neither agree nor disagree/ 4. 

Agree/ 5. Strongly Agree 

8. The glossary of terms has been useful to better 
prepare myself for the exams 

1. Strongly disagree/ 2. Disagree/ 3. 
Neither agree nor disagree/ 4. 

Agree/ 5. Strongly Agree 

To know the 
general perception 
of the glossary 

9. I think the glossary is a basic tool that can be 
used throughout the courses, regardless of subject 
and year 

1. Strongly disagree/ 2. Disagree/ 3. 
Neither agree nor disagree/ 4. 

Agree/ 5. Strongly Agree 

10. I consider that the format of the cards of the 
glossary is adequate 

1. Strongly disagree/ 2. Disagree/ 3. 
Neither agree nor disagree/ 4. 

Agree/ 5. Strongly Agree 

To know how to 
improve the 
glossary and new 
information to be 
included 

11. I believe that the sheets could also include 
other information 

Yes/No 

12. Please indicate here what additional 
information you think that it should be included 

Open answer 

13. I would like that the glossary had had more 
terms 

1. Strongly disagree/ 2. Disagree/ 3. 
Neither agree nor disagree/ 4. 

Agree/ 5. Strongly Agree 

14. What other concepts would you like to find in 
the glossary? 

Open answer 

Final assessment 
and suggestions 

15. Final assessment of the glossary 1. Quite useless 2. Useless 3. A little 
useless 4. Nor useless or useful 5. 
Useful 6. Quite useful 7. Essential  

16. Observations. If you have any other comments 
on this material, please, write them in this box 

Open answer 
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3 RESULTS 
The survey was sent to the students of TDG II and CAD II courses, obtaining 58 valid responses, 
which were enough considering the objective of the study. 36% of surveys were answered by students 
of TDG II while 64% were answered by students of CAD II. 

3.1 Usefulness of the conceptual and visual glossary perceived by students  
According to the perception of the usefulness of the glossary, Figure 3 shows the confidence intervals 
at 95% for the means obtained for each question, considering their answers in a Likert scale (1. 
Strongly disagree/ 2. Disagree/ 3. Neither agree nor disagree/ 4. Agree/ 5. Strongly Agree). Results 
show that students consider the glossary very useful to improve their knowledge on the contents 
(relating the term to the geometric form referred to and to its representation, as well as understanding 
the problems and assembly drawings). In addition, they also pointed out the importance of its use 
during the activities and while studying for exams. 

Error	  bars:	  95%	  IC	  
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 Q2. The glossary has been useful to 
better relate the term to the geometric 
form referred to 

Q3 The glossary has been useful to 
better relate the term to its 
representation 
Q4. The glossary has been useful to 
extend the knowledge of concepts 
about terms that I did not know 

Q5. The glossary of terms has been 
useful to better understand what the 
statement of a problem asks and what 
I have to do to solve it 

Q6. The glossary of terms has been 
useful to know how to include in the 
drawing the right designation of parts 
of an assembly drawing 

Q7. The glossary of terms has been 
useful to better complete the activities 
of the subject 
Q8. The glossary of terms has been 
useful to better prepare myself for the 
exams 

Figure 3. Perception of usefulness of the glossary by students. 

It is observed that there is no remarkable differences between students from different coursers and 
their answers but in the case of Q4 (The glossary has been useful to extend the knowledge of 
concepts about terms that I did not know), where more students from TGD II strongly agree with the 
statement (52%) while this percentage is lower for CAD II students. This percentage is also higher for 
students of TGD II in reference to Q7 (The glossary of terms has been useful to better complete the 
activities of the subject), where students of CAD II only agree with this statement instead of strongly 
agree. 

3.2 General perception of conceptual and visual glossary by students  
According to Question 9 (I think the glossary is a basic tool that can be used throughout the course, 
regardless of subject and year) students agree with its usefulness regardless of subject and year 
(mean:4.6), considering the glossary a potential coordinated learning tool ready to be used in the four 
courses related to TD and CAD along the Bachelor’s Degree in IDPDE. In addition, Question 10 (I 
consider that the format of the glossary is adequate) shows that the design and format of the cards it 
is also adequate, since students agree with it (mean:4.4). There is no difference between answers 
obtain by students from TGD II and CAD II. 
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3.3 Improvement proposal and suggestions of information to be included  
One of the main aims of the survey was to know the opinion from students about the amount and type 
of information shown in each card of the glossary, in order to improve them for its use henceforth. 
According to the possibility of including other type of information, 53% of students believe that it would 
not be necessary while 47% believe that more information would be better. Regarding the type of 
information missed, some students from the third year (those of CAD II) pointed out that information 
related to different operations with software Solidworks® would be very helpful, while others students 
from TDG II missed information on dimensioning key elements (threaded through hole, counterbore or 
countersink), as well as information on tolerances and welding dimensions. 

In reference to the number of terms included, 67% agreed with the incorporation of more terms while 
approximately the 4% did not agree with the desirability of including more.  

Finally, regarding the general usefulness of the glossary, being this evaluated from 1 (Quite useless) 
to 7 (Essential), the mean of answers was 5.9, what means that students considered the function of 
the glossary quite useful, being almost essential for their academic development. There is no 
remarkable difference between answers obtain by students from TGD II and CAD II. 

4 CONCLUSIONS 
The experience of the teachers of the courses related to Technical Drawing (TD) and Computer Aided 
Design (CAD) coursed during the first three years in the Bachelor’s Degree in Industrial Design and 
Product Development Engineering  at Jaume I University (UJI) in Castellón (Spain), have shown that 
some terms and concepts of engineering usually are not completely understood by students. With this 
approach, this study presents a conceptual and visual glossary used as a learning tool, being its 
usefulness evaluated by students.  

After reviewing content and terms, a total of 10 cards with different concepts were defined and 
designed, referred to concepts related to different types of holes or some features of parts, and 
including different types of information such as definitions, standard representation, real images, 
realistic representation with CAD software, orthographic views, etc. The final glossary was evaluated 
by 58 students of Technical Drawing and Graphics II and CAD II courses. 

Results show that the glossary is perceived very useful by students allowing them to better relate the 
terms to the geometric form and to its representation, as well as to better understand what the 
statement of a problem is asking and what they have to do to solve it and even to know how to include 
the right designation of parts of an assembly drawing. In addition, it has been a key element to better 
complete the activities of the subject and to prepare themselves for exams. The conceptual and visual 
glossary has been considered a key learning tool ready to be used from the four courses related to TD 
and CAD along the Bachelor’s Degree in IDPDE. However, some other students would include other 
type of information, for example, more features or information about the software Solidworks ® or 
information related to the way of dimensioning key elements. Finally, the general usefulness of the 
glossary, was evaluated with a mean of 5.9 (from a scale of 1 (Quite useless) to 7 (Essential)), 
considering this quite useful for their academic development. In general, there is no remarkable 
differences between answers obtain by students from TGD II and CAD II. 

In order to continue this study, improvements suggested by students will be integrated in next 
versions, including more information and other terms as well. Considering this a pilot experience, 
results have been very rewarding, being this glossary a starting point to improve the comprehension of 
some terms and concepts of engineering that are not completely understood and therefore assimilated 
by students so far. 
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