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Abstract
The removal of contents (such as Descriptive Geometry) in the syllabi of graphic expression
subjects, partially in some cases and totally others, which had proved to develop the spatial
vision ability, have resulted in our students being lacking in this capacity.
Despite efforts to reduce these gaps, like the introduction of computers in the learning
process, the authors of this paper believe that researching into tools helping to improve
students' spatial vision is needed.
That´s why we suggest the use of a learning/educational platform tailored to
Graphic Engineering, which manages and evaluates the learning process, taking into account
the development of capacity for spatial vision, from the earliest stages of this development
and in the most deprived pupils.
As a first step we have designed and developed an interactive open web manager of learning
in Graphic Engineering focused on developing the capacity for spatial vision for components
as well as its standard representation.
One aim of this paper is to describe this manager, whose main features are: three profiles of
access, a database to manage all the information, monitoring and evaluation of learning,
ability to create and assign exercises and a 3D viewer that allows students to manipulate 3D
objects and make easier learning.
We also explain how the content and users management system has been designed, being
adapted to the basic contents of Graphic Engineering as well as an evaluation of the
monitoring system of student learning.
Finally, the results of a satisfaction survey show that students positively value the manager
and highlight its 3D viewer as an element of great help in solving exercises.

1 Object
The first objective of this paper is to present and describe
the interactive open content management and web-based
data, for learning in Graphic Engineering and focused on
the development of spatial vision capability for parts and
its standard representation. We have called the manager
"Interactive Learning Manager for Graphic Engineering:
Spatial Vision" (ILMAGE_SV).
Another objective is to show a way to integrate 3D virtual
models in self-assessed exercises given to students.
These 3D objects allow students to interact with them,
provides assistance and support in solving the proposed
exercises.
We also want to point out that the methodology, design
and structure of the manager can track the learning
process from the point of view of students and teachers.

Finally, this paper aims to show that the ILMAGE
manager is open and flexible. By adding slight alterations
it can be adapted to other contents of the Graphic
Engineering subjects, such as auxiliary views, sectional
views, study of mechanisms, etc.

2 Justification
The study, development and improvement of spatial
visualization ability in our students has been a continuing
focus on research and study of all the teachers in the area
of Graphics Engineering throughout history. A cursory
review of publications and presentations in this area
shows the constant concern to incorporate in curricula the
development of spatial skills [1]. Our group of educational
innovation, IDIGRA, has one of its lines of innovation
focused on the development of spatial skills of students,
especially for new entrants. In addition to the knowledge
of the rules and regulations specific to the graphic
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expression, spatial skills must be developed in order to
understand the subjects related to graphic engineering.
Several researchers believe that the spatial visualization
ability is fundamental in the representation of objects [2],
[3], [4], [5]. They recommend the use of learning
techniques by working with sketches, real objects, virtual
objects, axonometric projections.
We think that the creation of test-shaped exercises about
orthogonal views, isometric drawing, rotation and
development of 3D objects, among other options, besides
the inclusion of 3D-models, will develop the capacity for
spatial vision, at least in the fundamentals of development
of this skill, as well as in the students with difficulties to
improve their 3D vision. We hope the results of our
investigation confirm these words.
Other authors, some of them contradictory, have
presented the results of their research with CAD-based
methodologies and tests for the development of spatial
visualization, e.g. Sorby [6], who states that the computer
exercises improve the learning in students with the
greatest learning difficulties. Rafi [7], proves significantly
that Web3D applications enhance the development of
spatial skills, and Konuseven [8], compares the teaching
of graphics engineering between the traditional model and
a learning model supported on the web with 3D
interactive objects. In addition, other authors also report
that 3D vision capability is very important in engineering
[9], [10].
Several authors have also suggested that contents such
as descriptive geometry, drawing views, orthogonal
projection drawings, etc. were recommended to improve
3D visualization skills [5], [11], [12], [13]. But removing
this type of content from the syllabi of graphic expression,
partially sometimes and fully in other, has caused some
shortcomings in our students in this capacity [14].
By bringing the computer in the learning process, a
speed-up in the development of the visualization ability
was expected and, although some authors showed that
significant increases occurred in this development, [15],
the fact is that, despite the efforts to reduce these
shortcomings, the authors of this paper believe that
researching into tools to help improve students' spatial
vision is needed.

meeting times, etc are collected in any way. Moreover, it
was necessary to adapt and update the technology used
as the HTML and JavaScript programming offered little
security, update the 3D display, optimize the 3D format
and increase the number of exercises available as well.
For these reasons we considered designing and
developing an application, by using essentially the
methodology of the former workshop, which also allowed
to managing the follow-up assessment of learning and
were updated from the technological point of view.
We think that hosted on the web and free available tools
are needed and these tools should have open access and
the ability to receive and send information through a
database, so that this database allows us to store, search,
sort and retrieve information efficiently [17].
So we created an interactive open web manager, of
content and data, for learning tracking in Graphic
Engineering, which was also initially focused on the
development of spatial vision capability for parts and its
standard representation.

3 Current situation
For many years, several applications aimed at developing
the capacity for spatial vision has long been developed,
evolving and adapting to the particular situation of the
curriculum. These changes have taken place at different
times in each of the countries where these applications
were developed. But they have also evolved as
technology gone forward.
One of the pioneer groups in this field, with a long history
of research is one of the Michigan University, Michigan
Technological Institute, led by Sheryl Sorby. His early
research results showed that these applications had a
positive impact on the spatial abilities of students who
initially had lower spatial vision.
At present, there are many web applications focus, totally
or partly, on the development of 3D visualization. Several
authors have collected ratings for this type of application:
The collection of web applications by Jorge Martin et
al. [18] shows a good number of these web
applications. In this compilation, a preliminary
classification of the specific tools developed by
universities and aimed at improving the spatial vision
is made and secondly, those applications, which are
accessible through the web, having or not as unique
objective the improvement of spatial vision, are cited.
Melgosa et al. [17] also conducted a study of the
current state of web applications related to the
development of spatial ability and focus on those
applications and improves spatial vision have a
tracking system of learning.
Martin [19] later in the thesis looks at the features of
web applications, indicating that the categorized
applications are freely available, they are
environment friendly and easy to use.

Various multimedia web tools to enhance the
development of capacity for spatial vision have been
developed thanks to the advent of new technologies,
showing that great benefits are generated in the learning
process, allowing you to have virtual labs and more data
collection, obtaining good results in the development of
this capacity [16].
We have had a workshop in our university since 2003,
created specifically to develop the spatial visualization
ability. This workshop was developed within an innovative
educational project funded by the Regional Government
of Castilla y León in Spain (“Junta de Castilla y León”),
being housed in the url, http://www2.ubu.es/expgraf/exgrain/
visualización3d/, and titled "Innovative learning about
visualization of pieces with virtual workshop." This free
available application has been used by our students and
students from other universities in a satisfactory way. But
even if the application provides the student outcomes of
the solution of the exercises, no results or access or
June 15th – 17th, 2011, Venice, Italy

The authors of this paper believe that the basic
requirements, which should now have software
applications that support to develop the capacity for
spatial vision of our students, must be:
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Being able to be transmitted and followed the
learning by connecting to databases (TFLDB).
Being free and easily accessible (FEA).
Having been validated or used in any comparison
(VoC).

2D Mental Rotation (University of Wisconsin,
Milwaukee)

https://pantherfile.uwm.edu/johnchay

X

2

3D Interactive Model Web (3DIMW); National
Kaohsiung Normal University (Taiwan)

http://140.127.45.25/3d/index.aspx?la
ng=en

X

3

3DWebEPL (3D Web-based learning and training
in the field of the Enterprise Product Lifecycle)

http://webd.polito.it/3dwebepl/project.h
tm

X

4

Innovative learning about visualization of pieces
with virtual workshop (Burgos University)

http://www2.ubu.es/expgraf/expgrain/v
isualizacion3d/

X

X

5

Building with blocks (Freudenthal Institute for
Science and Mathematics Education)

http://www.fi.uu.nl/dwo/wismaat/mod3/
en/frameset.html

X

6

CubeTest (Jos van den Oever)

http://cubetest.uptodown.com/

X

7

Course about interpretation of plans (Institute of
Educational Technology of the Ministry of
Education and Science in Spain)

http://www.ite.educacion.es/w3/eos/M
aterialesEducativos/mem2003/planos/
index.swf

8

Engineering Graphics Games and Quizzes (Texas
University)

http://crown.panam.edu/EG/games/ind
ex.htm

X

9

Training in mental rotation (Björn Kechel)

http://bjornson.inhb.de/?p=55

x

10

Interactive tutorial for Spatial Intelligence (Limerick
university, Ireland)

http://www.ul.ie/~mearsa/9519211/

X

11

Isometric Drawing Tool (National Council of
Teachers of Mathematics)

http://illuminations.nctm.org/ActivityDe
tail.aspx?ID=125

12

Virtual laboratory for the study of dihedral system
(Institute of Educational Technology of the Ministry
of Education and Science of Spain)

http://ntic.educacion.es/w3//eos/Materi
alesEducativos/mem2008/laboratorio_
virtual_sistema_diedrico/index.html

13

Multi-view drawing (Conolly Maicher)

http://kellenmaicher.com/portfolio/proj
ects/multiview.html

14

Standardization (Institute of Educational
Technology of the Ministry of Education and
Science of Spain)

15

Parts (Institute of Educational Technology of the
Ministry of Education and Science of Spain)

16

Spatial Vision (Institute of Educational Technology
of the Ministry of Education and Science of Spain)

17

Views. Descriptive Geometry (Institute of
Educational Technology of the Ministry of
Education and Science of Spain)

18

VIZ Visualization Assessment and Training
(Pensilvania State University)

http://viz.bd.psu.edu/viz

X

19

Web based Virtual environment (WbVE); Universiti
Pendidikan Sultan Idris (UPSI). Malasia

http://www.upsi.edu.my/~kanuar/luk.ht
m

X

http://ntic.educacion.es/w3//recursos/b
achillerato/dibujo/tecnico/normalizacio
n/index.htm
http://ntic.educacion.es/w3//eos/Materi
alesEducativos/mem2001/108d/index.
html
http://www.isftic.mepsyd.es/w3/eos/M
aterialesEducativos/mem2001/vision/i
ndex.html
http://www.ite.educacion.es/w3/eos/M
aterialesEducativos/mem2002/geomet
ria_vistas/index2.htm

X

X
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X

X

X
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X

X

X

X

X
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VoC

1

FEA

URL

RyS

Application

3DO

No.

TFLDB

According to this we can establish the classification
showed in the table 1.

DSA

Having, as a priority, the development of 3D vision
skills (DSA).
Having text and two-dimensional animations made in
Flash, Java, Director, etc. (2DA).
Having 3D objects that can be operated (3DO).
Having videos (V).
Being able to calculate and provide results and
scores of exercises performed (RyS).

V

Carlos Melgosa et al.

X

X

X

X

X

X

X

X

X

Chart Notes: * indicates that it meets half the demand, or is not sure whether it meets the requirement or not
Table 1 Web tools and requirements that meet
June 15th – 17th, 2011, Venice, Italy
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Since all the applications we have had access comply
with the second characteristic (2DA), we will not consider
it in our classification.
Other tools and applications were not considered in this
classification because it has not been possible to access
websites, but there is record of its characteristics through
various communications and papers.
For example, the Massachusetts University has
developed several tutorials about visualization and spatial
reasoning to help students in the representation of parts
[20].
In the Department of Graphic Expression in Architecture
and Engineering, La Laguna University, researchers are
working on a virtual campus with an application
developed in PHP language and database connection
within a virtual platform [21].
Teachers from the area of Graphic Expression in
Engineering EUITI Gijón (Oviedo University) are working
with an application within the virtual campus to meet the
needs of their students in relation to spatial perception.
This application is developed in a client/server
environment, built from Open Source technology, using
an Apache Web server, MySQL database and PHP as
script language hosted on HTML [22].
The project to upgrade the quality of teaching and
learning by using new technologies produced at the
University of Alicante, which consist in the design of an
online platform for teaching and learning of graphic
expression, and where teachers of the Department of
Graphic Expression and Mapping of the University of
Alicante use the database MySQL and the programming
language Java (J2EE). In this application you can access
the home screen after registration [23].
AIMECDT-3D application, developed in the area of
Graphic Expression in Engineering from the Oviedo
University, has tools to manage information through a
database and to display and print statistics; while being
initially prepared for use at local level, the application may
allow its use across the network by using an SQL
database server [24].
Finally, we have references to the so-called "Vision
Board", also from the University of Oviedo, which is
developed in flash, being very motivating and having a
control system of the student's progress [25].
Looking at the table we can realize that, firstly not all
applications have 3D objects that can be operated, which
provide us with interactivity in three dimensions, secondly
only two of them have data transmission and monitoring
of learning through database and finally, not all of them
are free and easily accessible; when we talk about easy
access, the thing what we mean is to have a good web
positioning.
We believe that the content manager ILMAGE_SV that
we describe in this paper gathers all the features we have
mentioned.

4

Methodology, design and structure

One goal of this interactive content manager is that users
in general, and our students in particular, develop your
June 15th – 17th, 2011, Venice, Italy

ability to see 3D visions. Moreover, they should achieve it
in a progressive way, independent or guided, adapting to
the initial level of each one, and providing information on
their learning process.
The development methodology of the contents of our
manager is the same as that used in our visualization
workshop [26]. We believe it is a good and well-reasoned
methodology, used and validated by Pérez Carrión [27]. In
addition to this, we have the domestic recognition of our
university (through a competitive award received), and
besides, we have proof of several references to our
workshop in thesis, journal articles and conference
papers. For example, the jobs of Contero (2005) [28],
Font Andreu (2007) [29], Saorin (2009) [9] and Martín
Gutiérrez (2010) [19].
This methodology is based on 6 levels: identification or
recognition
(correspondence
between
surfaces),
comprehension (correspondence between edges, faces
and standard views), application (expansions and
rotations), analysis, synthesis and evaluation. Of these 6
levels we did not use synthesis and evaluation in our
manager because they are carried out of the manager, in
different practices proposed in the classroom.
The contributions made in our interactive manager can be
summarized as follows: inclusion of a 3D viewer to
manipulate and interact the object, a previous level test,
creation of random tests according to levels of knowledge,
self-assessment, and automatic evaluation as well as
monitoring learning process.
Furthermore, the structure of the manager is flexible and
open so that you could easily create more levels and
different exercises to develop the capacity for spatial
vision, and this structure also fit in with other topics in
graphic engineering.
Having defined the methodology, the interactive manager
is structured as follows. Three access profiles have been
created to distinguish three different types of users
(student, teacher,administrator), a database and a
management system that enables communication
between the user and the database. Thanks to the
manager system the user can make both student and
teacher being able to have information of the learning
process in a wide-ranging sense, receiving data not only
about individual marks but also of groups, times, number
of access, etc..
From the technological point of view, Open Source
technologies have been used, as well as Apache web
server, PHP programming language to connect the user
with the database, and MySQL to manage the database.
The websites are designed with Adobe Dreamweaver
CS3 and PhpMyAdmin is used as a tool to edit the
database.
We must not forget that the content must have been
previously uploaded to the appropriate server in the
adequate formats in order to be able to be used by our
interactive manager. The necessary formats are, JPG for
images, EPRT and EASM for 3D objects from the
eDrawings Viewer and AVI for videos. With this aim in
mind, a procedure manual about contents creation has
been created to make easier the work for both the
teacher and the administrator (also a teacher), who finally
realizes the composition of the exercises. At this point, it
842
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is also worth making a comment and that is, given the
flexibility of the manager, instead of these, other formats
of image, video and 3D display could be applied, such as
gif, png, swf, mpeg, pdf, U3D, 3DXML, etc.

4.1

clicking on the "Create test "(exam), choosing the desired
level.

Input profiles

To manage and identify the information in a more efficient
way, different profiles of access to the application and
wherefore to the database has been considered. The
Interactive Learning Manager for Graphic Engineering:
Spatial Vision (ILMAGE_SV) has three access profiles:
student profile, teacher profile, manager profile. So, when
entering and identifying themselves with its profile, the
possibilities of action within the application are fixed and
thus, the information received by the database is
managed differently. In addition to this, among the three
profiles a hierarchy is set up so that the teacher can see
information about his students and the administrator can
register students, teachers, exercises, etc.

4.1.1

Student Profile

By
accessing
to
the
student
profile
(http://www2.ubu.es/calcubu), the first thing done by the
manager is to recognize if the necessary plugins, Internet
Explorer, a video player and the eDrawings viewer are
installed, fig. 1.

Fig.2 Details on the registration form.

Tests can be created on our own or may be assigned by
the administrator, being shaded in yellow the latter, fig. 4.

Fig.3 Screen after the registration.

Fig.1 Home screen with the student profile.

As the manager ILMAGE_SV is free available, being
registered is only required to access with the student
profile. Registration can be done freely by the user or can
be made in advance by the administrator. For free
registration, it is only necessary to click on the "new user"
option of the home screen and fill out a simple form, see
fig. 2.

When the examination has been created by us, by using
the “create test” button, the manager assigns three
exercises randomly and without repeating for each level
and from the chosen starting level, among all the
exercises available in the database.

Once being registered, we can see a screen, fig. 3, which
presents the following options: to change our user data
(User profile), to see usage statistics of the manager (See
statistics), to do a pre-test (Perform test), to create a
random test (Create test) and to log off.
It is recommendable starting by clicking on the "Make
test" button, thus showing a previous level test that, once
executed, advises us the level to start with creating our
random tests (exams), although you can also start by

June 15th – 17th, 2011, Venice, Italy

Fig.4 Detail of the start screen with several outstanding test.

While having outstanding examinations, we won’t be able
to create new ones on our own, although they could be
843
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assigned by the administrator. When you start a second
session the screen that appears is that on fig. 4, and the
screen on the fig. 3 does not appear.

At all times we can see the statistics of our sessions. On
the statistics screen we can see the results of pending
tests, exams finished, the tests creator, the level of
initiation, session times and the number of access, fig. 7.

After choosing the test we face all the exercises of this
test grouped by level and we can start with that we want,
or check the help menu, the theory and the examples. For
each exercise the screen is divided into three key areas:
the 3D display lies in the left side, the statement and the
attached images in the central area, and the boxes to
enter the solutions in the right. fig. 5.

Fig.7 Student statistic.

4.1.2

Fig.5 Layout of the screen and assessment.

Once pressed the solving exercise button, the score table
will come out below the 3D viewer. This table shows the
successes, failures and unanswered questions. The
estimate formula takes into account the random filling of
the boxes, but the mark will never be negative. The
exercises of every examination can be solved as many
times as we want, but the grade of the exercise that the
database will take into account will be that obtained the
first time we solved the exercise. When an examination
has been entirely made, is removed from the test box and
it can not be done again.

Professor Profile

You can only access with the profile of teacher if the
administrator has registered you as such. Once
registered, you can access at the url address
http://www2.ubu.es/calcubu/profesor/, and the screen
showed then has the options that we can watch in the
fig.8.

Fig.8 Detail showing teacher options.

As a teacher you can see statistics on students,
individually or in groups formed as well as statistics about
the profile of the students, exercises and connection
times. Student statistics show us pending tests, those
done, levels of initiation and results. Clicking on each test
we can see the results of every test exercise. The group
statistics, in addition to the previous data of each group
member, give us the list of members of the group.

Fig 6 Screen of help, theory and examples.

For each question, we also have the possibility to check
the theory, examples and instructions for the use of the
3D display, fig. 6.

June 15th – 17th, 2011, Venice, Italy

It should also be notice among all this options, for
example, the statistics of time in every session, and within
these, the weighted date of access, thanks to which you
can notice how the accesses during the course has been
made, fig. 9. So, as a simple example, we can detect the
different learning styles in terms of frequency, quantity,
time and pace of entries.
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Fig.11 Options for Administrator Profile.

Fig.9 Detail of statistics of time for every session.

The statistics by level and by problems collect the grades
of all exercises depending on bands of punctuation, so
you can study appropriateness of an exercise and its
difficulty. According to the results of each exercise we
should study why.

The first step is to fill in the fields of a form in which we
indicate level of exercise, type, statement and
instructions. All this information will provide the statement
of the problem.
The second step is to choose among those available, an
image that supports the statement, usually showing the
alternative solution to choose, fig. 12.

In order to remember how the problem was, we can click
on its identification number and by doing this; the exercise
will be show as the student sees it, fig.10.

Fig.12 Detail of the second step about exercises composition.
Fig.10 Detail of statistics of exercises.

4.1.3

Administrator Profile

The Administrator Profile has a twofold aspect. Firstly, it is
an administrator on its sense of management, since it
allows discharging and expelling students, teachers,
administrators and student groups. Moreover, the
administrator becomes teacher when handling to assign
tasks for students and groups, to perform the composition
of examples, theories and exercises, and to create tests,
fig. 11.

The third step is, in the case of examples, the choice of
video among all the available ones. That is about a video
that shows how to solve the example. The fourth step
asks to choose the 3D model file, which can be a part
(EPRT) or an assembly (EASM), fig. 13.

In this second facet is necessary to explain how the
Administrator profile works. Specifically, we will pay
attention to the composition of examples and exercises,
and the design and assignment of examinations to the
students and groups.
The composition of an example or an exercise consists of
six steps. We must not forget that it is necessary to have
the files associated with the exercise on the server.

June 15th – 17th, 2011, Venice, Italy

Fig. 13 Detail of the fourth step about exercises composition.
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The fifth step exists to enter the number of alternatives
that are offered in each problem in order to choose the
solutions. This variable is required to enter into the
valuation formula of every exercise, since that formula
takes into consideration the possibility of getting the
answers right at random when boxes are filled in at
random by the student.
The sixth and final step is to introduce the right solutions
for the exercise. You must enter a letter or a number that
corresponds with the options of the picture supporting the
statement of the problem. Leftover boxes are left empty,
fig. 14.

Fig.16 Detail of the second step to follow developing a test.

5 Experimentation

Fig.14 Detail of the sixth step about examples composition.

Another administrator task to highlight in its teaching
aspect is the design and assignment of tests to students
individually or to a previously created group. This activity
takes place in two steps and is the same for both
individual users and groups. First of all we must name the
examination, choose from the available exercises those
that we want to be part of the examination, having the
possibility of choose the wanted level and the amount of
exercises at each level, fig. 15.

During 2008 and part of 2009 small tests with teachers
and students (17 students) were carried out with the aim
to detect and resolve performance problems, correct
programming errors, enhance the appearance and
navigation, etc., to sum up, leave the content
management system ready to be used by students and
teachers the following course.
In October 2009 and 2010, an educational experience
with 270 first year students of the graphic expression
subject in industrial engineering degrees from our
university (in most of the cases from mechanic, electronic
and organization specialities) was put into effect. Half of
these students have used the ILMAGE_SV manager and
the other half made viewing practices traditionally. The
results of this experiment are currently being processed
and the data are being analysed.
To assess the quality and content of the manager and
watch the satisfaction extent of the students who have
used it, a survey with 55 items, mostly with answers
according to Likert scale, which ranges between 1
(strongly disagree ) and 5 (strongly agree) has been done.
About the results of this survey of which statistical
treatment has not been completed yet, we can highlight
the more general and significant items.
The survey was sent to all students in the experimental
group and 96 responded, with response rates of 70.6%.
Table 2 shows a summary of the blocks with the main
items and some of the most representative items.

Fig.15 Detail of the first step to follow developing a test.

Then we elect individually the users who we want to
assign the test to, if dealing with individual users, or the
group or groups which we want to assign the test to, if
dealing with groups, fig. 16.

Block C comprises 25 items, assessing the application in
the design, structure and also taking into account how
easy is the use of the application. The average of this
block was 3.67. Block D, including 15 items, assesses the
contents of the application; in this case the average is
higher and reaches a value of 3.81. Both blocks C and D,
as well as the items shown in table 2 exceed the value of
indifference (3), which means that we can consider the
ILMAGE_SV manager gets a positive evaluation by the
students.
As regards the overall assessment of the application has
been of 4,03 which means that an average of 67.7% of
users considered that the application is good, an 18,8%
very good and 11.5% considered it regular. Other items to

June 15th – 17th, 2011, Venice, Italy
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note are that an 85.5% would revisit the application to
improve their capacity for spatial vision and a 97.9%
would recommend this application to other people
interested in the subject. Finally, we want to emphasize

that the item "From the educational point of view, the
display of 3D objects is useful in this application" yielded a
mean of 4,31 points according to the Likert scale.

Ítems
C. Design, structure, user-friendliness (25 ítems)
D. Content rating (15 ítems)
The application is useful in teaching as a
Ítem 31
complement for self-study aid.
The application is useful in teaching as an
Ítem 32
information tool in the study progress.
This application is motivating because it promotes
Ítem 36
my participation in the learning process.
Ítem 41
The display of 3D objects is useful in the application.
Ítem 53
Overall rating in the application.

Mean

Standard Deviation

3.67
3.81

.35
.40

3.93

.87

3.78

.88

3.83

.87

4.31
4.03

.74
.62

Table 2 Summary of the evaluation survey for the ILMAGE_SV manager.

6 Conclusions
The warm welcome to the ILMAGE_SV manager
encourages us to continue improving, correcting
errors and upgrading with new exercises and levels,
and new graphic engineering topics.
From the survey and the experimentation, we have
also inferred that more exercises and different levels
of difficulty are needed to adapt better to different
degrees of spatial vision of our students.
The methodology used allows tackling other areas in
graphic expression and spatial vision, such as
auxiliary views, sectional views and the study of
mechanisms and / or devices.
Web applications are highly appreciated by the
students [9], all of which is also showed by the
results of our survey, therefore, the research and
development of this kind of applications are more
than justified.
This application is one more resource to add to the
list of those which exist already (pen and paper
sketches, multi-media Platforms, video games, virtual
reality, augmented reality, specific software, physical
materials, etc.) [30], and should be available to
anyone who is interested in improving their capacity
for spatial vision.
ILMAGE_SV manager is very helpful to adapt the
contents and methodology of graphic engineering to
the new degrees, under the guidelines of the
European Higher Education Area. This is achieved
by using the data management system and
monitoring of learning, on the part of the teacher, and
by using continuous evaluation and self-evaluation
on the part of the student.
It is necessary to integrate a virtual display that helps
the development of 3D visualization in such
applications. At this point we would like to point out
that a proper choice of this display is also very
important.
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