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Abstract: Nowadays, the combination of new technologies and the use of mobile devices opens up a
new range of teaching–learning strategies in different agricultural engineering degrees. This article
presents an augmented reality tool that allows for improved spatial viewing for students who have
certain difficulties with viewing graphic representations of agronomic systems and devices. This tool
is known as ARTID (Augmented Reality for Teaching, Innovation and Design) and consists in a
free-access mobile application for devices using the Android operating system. The proposed method
provides each exploded drawing or overall drawing with a QR code that can be used by students to
view their 3D models by augmented reality in their own mobile devices. An evaluation experience
was carried out to assess the validity of the tool on different devices and the acceptance and satisfaction
level of this kind of resources in subjects of graphic expression in engineering. Finally, an example of
application in the agronomic domain is provided by the 3D virtual model of portable ferticontrol
equipment that comprises the different structures and tanks, which, if viewed by conventional
graphical representations, may entail a certain level of difficulty. Thanks to this tool, reality can be
merged with the virtual world to help favour the understanding of certain concepts and to increase
student motivation in agronomy studies.

Keywords: 3D model; spatial vision; fertirrigation; teaching–learning

1. Introduction

Nowadays, augmented reality (AR) is being introduced into many areas of society, especially since
advertising has mostly driven its development given the effects that it has on potential customers [1–3].
Indeed, more and more AR applications are being used, especially as smartphones and Internet access
have boomed because, thanks to location, users can be shown data about their position [4], seek new
experiences and sensations [5] or encourage different types of family activities [6].

In the teaching area, this technology is becoming particularly relevant and is applied to different
levels of education and subjects [7–11]. Viewing 3D objects in space is one of the main challenges
that engineering students face during their academic training. Rapid technological development,
along with growing popularity and easy access to smart mobile devices, has enabled the development
of new opportunities to improve teaching quality [12,13], which, in turn, leads to more motivation and
higher learning levels for the students who resort to them [14]. It has been demonstrated that using
such technologies inside and outside classrooms can increase the understanding and motivation of the
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students registered for technical drawing subjects in engineering degrees [15]. Specifically, a study
that uses virtual reality in engineering students to assess spatial capacity can be found in literature,
showing that the use of this type of technology significantly improves these capacities in the students
who use them. The only drawback of this technology is the need for special devices, such as virtual
reality glasses with a smartphone [16].

In the literature, we can find various resources where AR focused on education is used with
very interesting results, such as a mathematics textbook for secondary education, which could be
validated and considered as an appropriate tool for the teaching–learning process [17]. In other fields,
the younger generation tends to see history as an uninteresting and boring subject, and, for this reason,
the development of books with AR can favour interest and the acquisition of knowledge in a more
satisfactory way [18,19]. Libraries have also investigated the use of web-based AR by means of ISBN
barcodes on the books themselves [20] or generating the editorial design of an educational book about
environmental issues, including AR for children from 6 to 8 years [21]. This type of technology has
also been incorporated into language learning, where the experimental results revealed that AR-based
learning activities can better help students in understanding and expressing themselves about learning
contents instead of passively listening to the teacher or reading books [22]. In subjects related to
graphic expression in engineering, several didactic materials that use AR with results that demonstrate
a positive impact on students’ ability in their spatial skills can be found [23].

The advantage of AR is that it allows students to zoom in/out and rotate 3D models, and to perceive
contents in a more appealing manner, which encourage them to learn. Configuration and viewing
are not easy processes because different elements need to be taken into account. Of all the analysed
resources, it is worth mentioning those that use AR by scanning QR codes with smartphones [24].
This is the case of a colouring book application that was developed for an aquarium musem. The mobile
application, along with the Android operating system and AR, allowed users to express, create and
interact with their creativity through colouring activities [25].

In the graphic expression domain, the spatial viewing skill needs to be trained in with most cases.
Former studies have verified that using different technologies, including AR, can favour this skill in
STEM (Science, Technology, Engineering and Mathematics) studies [26–30].

For this reason, this paper describes the creation of a mobile application to visualize, using AR
and QR codes, 3D virtual models of figures used in graphic expression subjects. A test was carried out
in the following subjects taught at the Technical University of Cartagena during the course 2018–19:

� Graphic Expression: Degree in Mechanical Engineering, Degree in Electrical Engineering, Degree in
Automation and Industrial Electronic Engineering, Degree in Chemical and Industrial Engineering
and Degree in Industrial Technologies Engineering.

� Industrial Design: Degree in Mechanical Engineering.

This test validated the suitability of using the application in different devices, as well as the
level of student satisfaction after using the tool. In order to help gain an understanding of graphic
representations with exploded drawings and overall drawings in agricultural engineering degrees,
the mobile application ARTID (Augmented Reality for Teaching, Innovation and Design) was developed
for viewing virtual 3D models by AR. The objective was to use such tools inside and outside classrooms
to favour students’ understanding and motivation in different university degree subjects.

2. ARTID Tool

The main objectives to create and develop the AR ARTID tool for its application in graphic
expression subjects in the agronomic domain were to:

� Develop a support tool for those teachers teaching the subject inside and outside classrooms;
� Turn classes into more interactive and dynamic activities to motivate students;
� Help students to develop their spatial viewing and to, thus, understand the exercises given

in class;
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� Create and make available an open access tool for all those students interested in the topic.

To develop the ARTID application, we resorted to using different software, which allowed us to
obtain an easy-to-use and open access tool. Its development process can be divided into three main
phases (see Figure 1): (i) creating QR stamps to scan and reproduce parts; (ii) 3D modelling of parts;
(iii) joining stamps and parts in the Unity programme.
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2.1. Stamp Creation

The stamp corresponds to the image that must be scanned via the mobile phone to project a part
in AR. To create it, the following indications need to be considered:

(a) The stamp must be unique. It is important to avoid the 3D model taking a long time to appear
or another object appearing in its place. So, an abstract, but well-defined, image must be selected.
Using QR images in ARTID was chosen because it makes two equal images look somewhat difficult.

(b) Stamp size must be optimum to project the model. If the stamp is small, it can be projected more
quickly, but lacks details. If it is very big, the part might not be generated or take too long to
appear (Figure 2). The defined optimum size for this tool would be a stamp whose approximate
dimensions would be 11 × 11 cm so it fits in an A4 format.

Different options are available to create the QR code as both websites and applications can be
used. For this tool, the Simple QRCode Creator application was employed, which is free and easy to use,
and is obtained from the Microsoft Store. To use it, the only thing that users had to do was to introduce
a text (the more characters in the QR definition name, the more unique it will be) and the encryption
level, which was set at high (selection of the ECC (Error Correction Feature) level, the higher the level,
the lower the probability of reading failure).
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2.2. 3D Modelling Parts

The second stage involves the 3D modelling of parts. To do so, we resorted to the design and 3D
modelling SolidWorks 2018 programme (Dassault Systèmes). In order to import the 3D parts in Unity
(Unity Technologies, a licensed software that can be used for educational and not-for-profit purposes),
they must take the FBX (FilmBoX) format, and the steps below are followed:

(a) Export the 3D models obtained in Solidworks to the STL (STereoLithography) format. The STL
format transforms the piece into a single 3D model made up of triangles; the greater the number
of triangles, the more definition the 3D model will have, but, in turn, it will be more difficult to
project it onto the stamp (Figure 3).
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(b) Import the STL file in the Blender software (Fundación Blender, free multiplatform software) to
add colour or textures. Blender allows you to apply textures and colors on the piece as well as
allowing you to go from STL format to FBX (Figure 4).

(c) Export the STL file in Blender to the FBX format. If models are directly drawn in Blender, they do
not need the first conversion.
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2.3. Creating the Augmented Reality Tool

Vuforia is a software development kit (SDK) that allows work to be done with AR. Both
Vuforia and Unity are licensed software that can be used for education and not-for-profit purposes,
whose authorisation was requested to do this work. This stage involves two work phases:

(a) Firstly, the stamps created in the previous stage must be uploaded. To do so, the Vuforia
website (https://developer.vuforia.com) is employed. A file is created that has to be added to
Unity (Figure 5).

(b) Secondly, the work area in the Vuforia tool is found in the GameObjects tab in Unity. The file
generated in Vuforia must be executed when Unity is open, and the chosen stamps must be
added. Vuforia is accessed by the GameObjects tab and ARCamera is selected. Stamps are added in
ARCamera (ImageTarget), followed by the 3D models (Figure 6).

(c) Once the 3D models and QR codes are associated, the model must be customized in terms of
size, brightness, shadows and position on the QR. In case any model has a texture or image
applied to its surface, it must be implemented in Unity creating a “Material” and applying it to
the model surface.

In Unity, it is necessary to follow a series of configuration procedures to generate the application:

- Select the Android version required for the application to run. In this study, only versions greater
than 4.0 were chosen.

- Choose the cameras used on the device (front/rear). In this study, we opt for the rear camera
because it is usually the camera with the best quality.

- Configure whether the application can be used vertically or horizontally (Portrait or Landscape).
- Define the amount of graphics memory used on the device. The more memory it has, the faster

the model will be displayed.
- And other minor settings, s application logo, encryption keys to protect the application or author

assignment, among others.

https://developer.vuforia.com
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After following all these steps, the Build button is clicked on to create the “.apk” file of the final
application to be installed in the mobile device.

Currently, 3D models are embedded within the .apk file. In future studies, the application will be
developed to download via streaming the required 3D models when the camera focuses on a QR code.

In addition, a website (www.artid.es) where you can find information related to augmented
reality and download this application has been developed. The application is currently passing the
Google approval process to be introduced within the Google Play Store, enabling an easier way of
downloading it onto mobile devices.

www.artid.es
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3. Experience with Students

3.1. Participants

In order to verify the suitability of the created application, a test was performed to the students of the
following subjects taught at the Technical University of Cartagena during the course 2018–19 (Table 1):

- Graphic Expression (Degree in Mechanical Engineering, Degree in Electrical Engineering,
Degree in Automation and Industrial Electronic Engineering, Degree in Chemical and Industrial
Engineering and Degree in Industrial Technologies Engineering).

- Industrial Design (Degree in Mechanical Engineering).

Table 1. Participants by subjects and degrees.

Subjects Degrees Participants %%%

Graphic Expression

Degree in Mechanical Engineering 64 34.04
Degree in Industrial Technologies Engineering 11 5.85
Degree in Automation and Industrial
Electronic Engineering 36 19.14

Degree in Chemical and Industrial Engineering 17 9.04
Degree in Electrical Engineering 11 5.85

Industrial Design Degree in Mechanical Engineering 49 26.06

TOTAL 188 100

3.2. Procedure

The test was carried out by teachers in the area of graphic expression in engineering, conducting a
pilot experience in each of the subjects indicated above. The main objectives of this pilot test were
the following:

(a) Collect technical information on the use of the ARTID application on different mobile devices
with the Android operating system. With this type of information, the aim was to determine:
(i) the accessibility and management of the application, (ii) the feasibility of using geometric 3D
models and QR codes, and (iii) the effectiveness of the application, analyzing possible failures
and errors.

(b) Collect teaching information about the ARTID tool in drawing subjects. This type of information
is more subjective and sought to determine: (i) the acceptance of this type of technology by
students in graphic expression and industrial design subjects, (ii) the perception of usefulness
that students could have with this type of tool, and (iii) the level of satisfaction of these less
conventional activities focused on teaching.

During the test, which lasted 20 min, teachers interacted with students to answer questions and
exchange opinions. Participation in the test was totally voluntary and consisted of three phases:

i A presentation of the tool, where students were given with the instructions for the download and
installation of the application on their mobile devices through the web www.artid.es.

ii The completion of a practical test where a set of four planes with QR codes was provided to each
student in order to probe the tool (Figures 7 and 8).

iii After completing the use test, the students accessed through the web and made an anonymous
and voluntary online survey to assess technical aspects of the tool and collect their opinion about
the use of augmented reality applications in the graphic expression and industrial design subjects.
The questions raised were open in order to collect preliminary information and data on this tool
that could serve to continue advancing in this research line.

www.artid.es
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3.3. Results

The activity was carried out by a total of 188 students whose mobile device was endowed with
Android Operating System v4.2 or higher. The results obtained in the survey (see Table 2) show:
(i) a proper operation of the application in the majority of the mobile devices used, (ii) agility in the
visualization of the 3D models, and (iii) an adequate interaction of the students with the application.
On the other hand, the combination of AR together with the handling of mobile devices is very
attractive to students, so they perceive a great utility of the tool in the teaching field. During this
activity, many of the students who participated showed their interest and asked for and extended
version with more exercises. The collection of this preliminary information favours the development of
materials and specific exercises with AR in the different subjects of graphic expression in engineering.
Once these materials have been produced, a more objective and analytical study can be performed to
determine the cognitive and practical advantages of this tool when used by students in relation to their
spatial vision and learning.
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Table 2. Results of the survey conducted by the students.

Questions Yes No

np %%% np %%%

Has the application worked properly on your device? 171 90.96 17 9.04
Have all the stamps been read correctly? 170 90.43 18 9.57
Have the 3D models appeared on the stamp quickly? 174 92.55 14 7.45
Do you consider that this tool favors the learning of
basic concepts of the subject? 186 98.94 2 1.06

Do you consider that spatial vision is favored with this
type of tools? 187 99.47 1 0.53

Does this experience give you interesting results? 187 99.47 1 0.53
Does this tool seem useful to you? 185 98.40 3 1.60
Would you like to repeat this activity? 188 100.00 0 0.00

np = number of participants.

4. ARTID Tool in the Agronomic Domain

In addition to the test performed to the students, another example of using this technology in
agronomic studies was developed. In this case, a ferticontrol equipment, based on the weighing
lysimeter developed in the Agromatic and Sea Engineering Research Group of the Universidad
Politécnica de Cartagena (Figure 9), was employed as a 3D model. This device is formed by several
structures and is located on a farm. The crop container, which holds a volume of reconstituted soil
taken from the plot, reproduces natural conditions to determine crop evapotranspiration while it grows,
as well as water/nutrient uses and losses through leaching. Apart from acting as an infiltrometer and
pluviometer, it determines waterlogging and/or surface runoff. This allows optimum fertirrigation
management with no losses through surface runoff or drainage.
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(a) cross-sectional view of the equipment; (b) exploded view of the equipment with its main structures.

The 3D models of the proposed ferticontrol equipment and the QR codes were developed following
the procedure described in the previous chapter (Figure 10). Next, a series of overall drawings and
exploded drawings was produced with 2D and 3D views, to which the corresponding QR codes
were added to view them. In this case, the ferticontrol equipment was formed by different structures,
which were represented on several drawings, similarly to those offered in Figure 11. The QR code that
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comes with each drawing can be scanned when students require further graphical information or wish
to view the structure from a new perspective, which encourages students’ interest and understanding.
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Using these codes consists in focusing them by means of the ARTID application in a mobile device
where the related 3D model is automatically shown (Figure 12). The position of the mobile device
and its angle in relation to the drawing can be changed to view 3D models from several perspectives,
but by always focusing these codes.
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5. Discussion

Nowadays, augmented reality is a widely used tool in certain technological sectors. On the one
hand, it is used in the field of entertainment, such as video games, trying to provide the user with
a more interactive experience. On the other hand, it is applied in various industrial sectors to show
designs and projects in a more graphical way. All this gives the tool great potential to be developed,
so the companies that develop software for programming AR-based applications ask for a fee for its
use. When creating an augmented reality application for non-profit purposes, it is difficult to find free
software tools.

One of the main problems found in this study was the devices that are normally used for
augmented reality, in this case, mobile phones. Projecting 3D elements with great definition on a screen
is much easier using a computer that has more processing capacity compared to a mobile phone or
tablet. It is a problem that, over time, is solved thanks to the fact that mobile devices have increasingly
better characteristics; even so, it is still a barrier. On the other hand, developing an application is not
complicated thanks to the wide variety of tutorials and programming courses on Android, but tutorials
for something as specific as augmented reality are scarce. The ARTID application stands out for
being direct and easy to use, so no menus or interfaces have been included, which also improves its
performance and functionality.

The ARTID tool can be extrapolated to any teaching field, technological or not, or to other fields,
such as archaeology, medicine or agronomy. In addition, it allows the use of 3D models created in any
design software, not only the one proposed in this study.

According to the experience carried out with the industrial engineering students, this interactive
way of learning produces greater motivation, since they use tools that are very attractive to
them. This can allow students to better assimilate content and visualize more complex graphical
representations more effectively. This hypothesis, that has already been validated in some studies
referenced in this article, will be a future research line with the aim of validating the ARTID tool.
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6. Conclusions

This study describes the process of creating a tool based on augmented reality and called ARTID.
The main objective of this new tool is to obtain an open source application that allows to visualize,
through augmented reality and QR codes, different types of pieces and sets usually used in technical
drawing subjects. To verify the proper functioning of the application, a test was carried out by
188 students of the graphic expression and industrial design subjects taught in several degrees at the
Technical University of Cartagena. The obtained results were very satisfactory, since the application
ran properly in practically all the mobile devices with the Android operating system. The survey
results reveal that students find the tool very interesting, useful and with a great scope that enhances
to continue working on a more definitive version. To demonstrate its usefulness in the agronomic
domain, it was also employed to view the construction detail of a ferticontrol equipment based on
weighing lysimeter. The 3D viewing of objects in space is a challenge for engineering students and
these technologies can help to acquire this skill. Developing such applications opens up a wide range
of possibilities in teaching as they allow students to interact with the graphic representations that
complete degree subject contents.
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