
20212021

15th International
Technology, Education and
Development Conference

15th International
Technology, Education and
Development Conference

8-9 March, 20218-9 March, 2021

CONF ER ENCE
PROCE ED ING S
CONF ER ENCE
PROCE ED ING S
CONF ER ENCE
PROCE ED ING S
CONF ER ENCE
PROCE ED ING S



20212021

15th International
Technology, Education and
Development Conference

8-9 March, 2021

CONF ER ENCE
PROCE ED ING S



 
 
 
 
 
 
 
 
Published by 
IATED Academy 
iated.org 
 
 
 
 
 
 
 
 
 
INTED2021 Proceedings 
15th International Technology, Education and Development Conference 
March 8th-9th, 2021 
 
Edited by  
L. Gómez Chova, A. López Martínez, I. Candel Torres 
IATED Academy 
 
 
 
 
 
 
 
 
 
 
ISBN: 978-84-09-27666-0 
ISSN: 2340-1079 
DL: V-370-2021 
 
 
 
 
 
 
 
Book cover designed by  
J.L. Bernat 
 
 
All rights reserved. Copyright © 2021, IATED 
The papers published in these proceedings reflect the views only of the authors. The 
publisher cannot be held responsible for the validity or use of the information therein 
contained. 
 



INTED2021  15th International Technology, Education and Development Conference 

 
INTED2021 COMMITTEE AND ADVISORY BOARD 

 
 
 

Adam Smith JAPAN Külli Kori ESTONIA 

Agustín López SPAIN Lorena López SPAIN 

Alessia Bevilacqua ITALY Loreta Juškaite LATVIA 

Allison Spring UNITED STATES Luis Gómez Chova SPAIN 

Amparo Girós SPAIN Luís Torres Moreira PORTUGAL 

Ana Dias Daniel PORTUGAL Lukasz Wiechetek POLAND 

Ana Paula Lopes PORTUGAL Mª Jesús Suesta SPAIN 

Ana Tomás SPAIN Marcelo Gaspar PORTUGAL 

Anna Dillon UNITED ARAB EMIRATES Mária Bakó HUNGARY 

Antonio Coelho PORTUGAL Maria Porcel SPAIN 

Antonio García SPAIN Marian Zajko SLOVAKIA 

Asako Ohno JAPAN Mary Dempsey IRELAND 

Charles Weiss UNITED STATES Matteo Bozzi ITALY 

Chelo González SPAIN Michael Collins IRELAND 

David Martí SPAIN Michela Tramonti ITALY 

Denise Prescott UNITED KINGDOM Miguel Peiró SPAIN 

Dina Nader UNITED ARAB EMIRATES Mohd Hassan Abdullah MALAYSIA 

Eladio Duque SPAIN Norma Barrachina SPAIN 

Elena Baguzina RUSSIAN FEDERATION Peter Haber AUSTRIA 

Elena Grunt RUSSIAN FEDERATION Petr Beremlijski CZECH REPUBLIC 

Elena Ors SPAIN Petra Vondráková CZECH REPUBLIC 

Emanuel Tundrea ROMANIA Remigijus Bubnys LITHUANIA 

Eva Ponick GERMANY Rob Branch UNITED STATES 

Farhad Eftekhari FINLAND Saime Matsu UNITED STATES 

Filomena Soares PORTUGAL Sarah Hord UNITED STATES 

Guilherme Penello Temporão BRAZIL Sarah Lukas GERMANY 

Ignacio Ballester SPAIN Sergio Pérez SPAIN 

Ignacio Candel SPAIN Stefania Cassar UNITED KINGDOM 

Iván Martínez SPAIN Susanna Bertelli ITALY 

Javier Domenech SPAIN Tânia Carraquico PORTUGAL 

Javier Martí SPAIN Tessai Hayama JAPAN 

Jeffrey Byford UNITED STATES Tracy Hoot CANADA 

Joanna Lees FRANCE Ursula Jahn CANADA 

Jose F. Cabeza SPAIN Victor Fester NEW ZEALAND 

Jose Luis Bernat SPAIN Wan Sin Lim UNITED STATES 

Juanan Herrero SPAIN Wendy Gorton UNITED STATES 

Judith Szerdahelyi UNITED STATES Xavier Lefranc FRANCE 

Karl Jordell NORWAY Xema Pedrós SPAIN 

Kimberly Hoggatt Krumwiede UNITED STATES Yulia Piller UNITED STATES 
 



INTED2021  15th International Technology, Education and Development Conference 

 
CONFERENCE TRACKS & SESSIONS 

 

INNOVATIVE EDUCATIONAL TECHNOLOGIES 

Technology Enhanced Learning 
Virtual & Augmented Reality 
Research on Educational Technologies 
Coding & Educational Robots 

DIGITAL & DISTANCE LEARNING 

Distance Education in COVID-19 Times 
MOOCs & Open Educational Resources 
Blended & Mobile Learning 
e-Learning 
Learning Management Systems & Virtual Learning Environments 

DIGITAL TRANSFORMATION OF EDUCATION 

Data Science & AI in Education 
Learning Analytics & Educational Data Mining 
Digital Technologies and Resources for Learning under Lockdown 
21st Century Skills 
Educational Programming & Robotics 

INNOVATIVE EDUCATIONAL TECHNOLOGIES 

Virtual & Augmented Reality 
Technology Enhanced Learning 
Videos and Social Media in Education 

INCLUSION & MULTICULTURALITY 

Special Educational Needs 
Intercultural Competences & Multicultural Environments 
Diversity Issues 
Digital Divide during Pandemic and Beyond 

ACTIVE & STUDENT-CENTERED LEARNING 

Gamification & Game-based Learning 
Problem & Project-Based Learning 
Pedagogical Innovations 
Soft Skills Development 
Libraries and Museums as Learning Spaces 



INTED2021  15th International Technology, Education and Development Conference 

ASSESSMENT, MENTORING & STUDENT SUPPORT 

Assessment & Evaluation 
Rethinking Assessment in COVID-19 Times 
Mentoring & Tutoring 
Student Engagement & Wellbeing in COVID-19 Times 
Student Support & Motivation 

EDUCATIONAL STAGES & LIFE-LONG LEARNING 

From Pre-school to Secondary Education 
Vocational Training 
Exchange Programmes & International Experiences 
Transition to the Job Market 
Developing Entrepreneurship in Education 
Life-Long & Workplace Learning 

QUALITY & IMPACTS OF EDUCATION 

Quality in Education 
Curriculum Design Experiences 
Sustainability & Environmental Awareness 
Social Impact of Education 
University-Industry Collaboration 
Educational Policies & Impact of Education 

TEACHER TRAINING & ED. MANAGEMENT 

ICT & Digital Skills 
Teacher Training and Support in COVID-19 Times 
Professional Development of Teachers 
Educational Management 

STEM EDUCATION 

Maths & Statistics 
Engineering Education 
STEM Experiences 

LANGUAGE LEARNING AND TEACHING 

Foreign Languages 
Teaching Foreign Languages during the Lockdown 
Technology for Language Learning 
Language Learning 

DISCIPLINE-ORIENTED SESSIONS 

Architecture & Civil Engineering Education 
Health Sciences Education 
Computer Science 
Business and Management Education 



INTED2021  15th International Technology, Education and Development Conference 

ABOUT INTED2021 Proceedings 
 
HTML Interface: Navigating with the Web browser 
This USB Flash drive includes all presented papers at INTED2021 conference. It has 
been formatted similarly to the conference Web site in order to keep a familiar 
environment and to provide access to the papers trough your default Web browser 
(open the file named "INTED2021_Proceedings.html"). 
An Author Index, a Session Index, and the Technical Program are included in HTML 
format to aid you in finding conference papers. Using these HTML files as a starting 
point, you can access other useful information related to the conference. 
The links in the Session List jump to the corresponding location in the Technical 
Program. The links in the Technical Program and the Author Index open the selected 
paper in a new window. These links are located on the titles of the papers and the 
Technical Program or Author Index window remains open.  
 
Full Text Search: Searching INTED2021 index file of cataloged PDFs 
If you have Adobe Acrobat Reader version 6 or later (www.adobe.com), you can 
perform a full-text search for terms found in INTED2021 proceedings papers.  
Important: To search the PDF index, you must open Acrobat as a stand-alone 
application, not within your web browser, i.e. you should open directly the file 
"INTED2021_FrontMatter.pdf" with your Adobe Acrobat or Acrobat Reader 
application. 
This PDF file is attached to an Adobe PDF index that allows text search in all PDF 
papers by using the Acrobat search tool (not the same as the find tool). The full-text 
index is an alphabetized list of all the words used in the collection of conference 
papers. Searching an index is much faster than searching all the text in the documents.  
 
To search the INTED2021 Proceedings index: 

1. Open the Search PDF pane through the menu "Edit > Advanced Search" or click in the 
PDF bookmark titled "SEARCH PAPERS CONTENT". 

2. The "INTED2021_index.pdx" should be the currently selected index in the Search 
window (if the index is not listed, click Add, locate the index file .pdx, and then click 
Open). 

3. Type the search text, click Search button, and then proceed with your query.  
 
For Acrobat 9 and later:  

1. In the “Edit” menu, choose “Search”. You may receive a message from Acrobat asking 
if it is safe to load the Catalog Index. Click “Load”.  

2. A new window will appear with search options. Enter your search terms and proceed 
with your search as usual. 

 
For Acrobat 8: 

1. Open the Search window, type the words you want to find, and then click Use 
Advanced Search Options (near the bottom of the window). 

2. For Look In, choose Select Index.  
3. In the Index Selection dialog box, select an index, if the one you want to search is 

available, or click Add and then locate and select the index to be searched, and click 
Open. Repeat as needed until all the indexes you want to search are selected.  

4. Click OK to close the Index Selection dialog box, and then choose Currently Selected 
Indexes on the Look In pop-up menu.  

5. Proceed with your search as usual, selecting other options you want to apply, and click 
Search. 

 
For Acrobat 7 and earlier: 

1. In the “Edit” menu, choose “Full Text Search”.  
2. A new window will appear with search options. Enter your search terms and proceed 

with your search as usual. 



TEACHING CROP FERTILIZER REQUIREMENTS WITH THE 
NUTRIENT RECOMMENDATION MODEL FERTILICALC 

A. López Bernal1, M. Quemada2, A. Delgado3, F. Villalobos1,4 
1Universidad de Córdoba (SPAIN) 

2Universidad Politécnica de Madrid. CEIGRAM (SPAIN) 
3Universidad de Sevilla (SPAIN) 

4Instituto de Agricultura Sostenible CSIC (SPAIN) 

Abstract 
The development of software that facilitates the application of theoretical concepts to solve problems 
in specific case studies designed by the student may have a major role in the teaching-learning 
process in science and engineering. Fertilizer recommendation is a crucial task in managing 
sustainable agricultural systems that look for an efficient use of resources and a minimum 
environmental impact. However, selecting the best management alternatives of fertilizers, either 
organic or mineral, is a complex task, as it requires integrating knowledge on crops, soils and nutrient 
cycling tailored to a particular crop rotation. The aim of this study was to describe the potential 
application of the Windows software FertiliCalc to teach fertilizer management in Bachelor and Master 
degrees related to agriculture. The software is developed in up to 87 languages, freely available and 
provides a manual and bibliographic material in which the program is based. The effect of FertiliCalc 
as a learning tool was assessed by mean of a pre-test-post-test design applied to a group of 24 
students of Agriculture Engineering. A knowledge survey that contained 20 questions was answered 
by the students before and after practicing with FertiliCalc. The mean pre-test score of the students 
was 41% and the median 36%, whereas for the post-test score the mean and the median were 54%. 
The post-test score was significantly higher (p>0.001) than the pre-test. Overall, 18 students increased 
their scores, 3 had the same and 3 slightly lower score. The graphical representation showed that 
students that already had a basic knowledge were able to increase more their learning. FertiliCalc 
showed high potential as a teaching tool since it helps understanding the rationale behind fertilizer 
management, and it may also allow students to learn the technical terminology in foreign languages. 

Keywords: Agriculture, Agronomy, Decision tools, Pre-Test-Post-Test assessment, Virtual lab. 

1 INTRODUCTION 
Fertilizer recommendation is a crucial task in managing sustainable agricultural systems looking for an 
efficient use of resources and a minimum environmental impact [1]. Crops respond to fertilizer 
application by increasing yield or product quality, so nutrient application with either organic or mineral 
fertilizers is a common practice all around the world. In addition, excessive application of certain 
nutrients, i.e. nitrogen (N) and phosphorus (P), not only implies an economic cost for the farmers but 
also increase the risk of environmental pollution. Particularly, N losses may contribute to climate 
change by boosting greenhouse gas emissions and to environmental pollution by increasing N 
concentration in soil and water [2]. A crucial strategy for reducing nutrient losses while maintaining 
economic profitability is adjusting nutrient application to accurately meet crop requirements. Because 
of that, all University degrees related to agricultural sciences and engineering include courses in which 
guiding fertilization and training the students to sustainable manage nutrients are the main goals.   

However, selecting the best management alternatives of fertilizers, either organic or mineral, is a 
complex task, as it requires integrating knowledge on crops, soils, agricultural practices and nutrient 
cycling. This information is available for many crops and soils but it is frequently hard to compile as it 
is dispersed in different literature sources. In addition, all this knowledge needs to be tailored to a 
particular crop rotation and soil and management conditions and so multiple combinations appear. 
The time available in the academic courses is usually limited and only allows covering a few study 
cases that serve as example for a practical application of the concepts studied in theoretical seminars. 
Because of that, there is a need for pedagogical tools that allow the teacher to analyze different case 
studies and the students to design their own crop rotations and play with different combinations of soil 
conditions and agricultural practices to better understand their effect on nutrient cycling and 
management.  
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FertiliCalc is a software that calculates the required seasonal nutrients for a crop rotation. It includes a 
dataset with a large number of crops from which the user can pick as many as needed to create a 
crop rotation [3]. The relevant information of these crops for nutrient cycling is gathered in the dataset 
and has been collected from different sources [4, 5, 6]. The user introduces the yield for each crop and 
can customize the crop data or use that existing in the dataset. Soil characteristics can be easily 
introduced by the user as well as some common agricultural practices. A more detailed description of 
the software will be provided in the Material and Methods section, but what is relevant is that 
FertiliCalc has several characteristics that make it suitable for the pedagogical purposes, such as 
flexibility to design different crop rotations, adaptability to integrate various soil and management 
situations, and ease to use by a student with basic knowledge in agronomy. Additionally, FertiliCalc is 
freely available from the web page of the U. Cordoba and as it is used also by agronomists and 
farmers that require estimates of rates for nutrient application, it can be used as a link between 
academic education and the future professional career of the students. 

Nevertheless, pedagogical tools should be evaluated under actual academic situations to ensure their role 
and usefulness in the learning process [7]. Among the multiple methodologies available for evaluation, pre-
test-post-test control group designs are suited to assess the effect of new tools on the learning process and 
common in educational research [8]. When the number of students is limited, all students are allocated to a 
unique group and score on a test before and after conducting the activities associated to the pedagogical 
tool that is being evaluated. Compared to the post-test only design, the   pre-test-post-test controls threats 
to internal validity and increases the statistical power associated with the comparison of students’ scores 
[9]. Additionally, graphical representation of the pre-test versus the post-test scores provides information 
about the individual response and may reinforce the conclusions of the statistical analysis. Therefore, the 
aim of this study was to describe and assess the potential application of the Windows software FertiliCalc 
to teach fertilizer management in Bachelor and Master degrees related to agriculture.   

2 METHODOLOGY 

2.1 Description of the pedagogical tool 
FertiliCalc is a Windows program developed with Visual Basic 2015. It contains a single file of 1.6 Mb 
which can be downloaded freely at the official web page of the University of Córdoba 
(http://www.uco.es/fitotecnia/fertilicalc.html). A detailed description of the program can be found in the 
web page and has been published elsewhere [3], therefore, this section includes a short description of 
the tool that emphasizes its pedagogical abilities. The software has been developed in up to 87 
languages, ensuring ease of use for a broad community of students and helping the users to learn the 
technical terminology in foreign languages.  
The interface of the program is user-friendly and has three forms to interact with the student: “Crop and 
soil”, “Fertilizers” and “Results”. In the first form, the student designs a crop rotation by picking from a list 
of 149 crops as many as needed (Fig. 1). The selected crops are shown to the student along with data 
on harvest index, N, P and potassium (K) concentrations in harvested organs and percent of residues 
remaining in the field after harvest. The crop data are average values gathered from the literature but 
can be customized by the students to adapt to local conditions or analyse how the crop nutrient demand 
changes. The student defines the expected yield and can specify a coefficient of yield variation. There is 
also an option to mark the proportion of residues that are left in the field and thus can be considered as 
nutrient inputs, a relevant operational practice that allow comparison of different agricultural strategies. 

Once the crop rotation is defined, the student has to select the soil type based on soil texture and 
supply the available P and K obtained in soil test. The student can play with these values for the 
different soil fertility levels and the reference range for the various tests can be obtained from [6]. 
Other soil data that are demanded to the student are organic matter, pH and cation exchange 
capacity. In this form, he/she is also expected to indicate whether tillage is performed or not and 
whether the crop rotation designed suffer water scarcity (rainfed or arid and semi-arid climate) or is not 
water limited (irrigated or humid climate). Finally, the student has to select among four strategies of 
fertilization: sufficiency strategy (minimum fertilizer), build up and maintenance (reduced fertilizer), 
build-up and maintenance (maximum yield) and the maintenance option (which is automatically 
selected if soil analysis are not available). A more detailed description of the fertilization strategies can 
be found in [3] but what is relevant for the pedagogical purposes is that the program allows the student 
to calculate and compare the different fertilizer recommendation rates under the selected strategies. 
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Figure 1. Crop and soil form in FertiliCalc interface. Example of a selected four crop rotation. 

The second form shows a table with the crop nutrients (N, P, K) requirements calculated according to 
[5] and [6] and based on the data introduced by the student (Fig. 2). On the right side of the screen 
appears a list of available fertilizers (44 mineral and 24 organic) from which the student can pick and 
add products to a list of selected items. Once a product is selected, the nutrient concentrations are 
shown, so the student learns about the fertilizers and can add a product not included originally in the 
program. Additionally, in this form the student can customize if fertilizers are incorporated into the soil 
or not, a relevant issue that determines N losses and is related to agricultural practices. The price of 
the selected fertilizers can also be updated by the students as they vary with the region or country.      

 
Figure 2. Fertilizers form in FertiliCalc interface. As an example four fertilizers has been selected. 
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The last form shows fertilizer rates required for each crop, together with the economic costs of the 
products (Fig. 3). Two relevant environmental aspects are estimated: i) N losses by volatilization of 
ammonia, denitrification and nitrate leaching according to [10], and ii) soil acidification based on the N 
source and nutrients exports [11]. On the other hand, the application evaluates the adequacy of the 
fertilizer program by indicating the possible excess or deficit of N for each crop. The excess of P or K 
is evaluated for the whole rotation, and the Ca, Mg and S balance are provided if information is 
available in the database. 

 
Figure 3. Results form in FertiliCalc interface for the example above. 

All this information in the Results form is crucial in the pedagogical process because it gives the 
student the opportunity to analyze the economic and environmental costs of the selected crop rotation 
and management. The student can easily return to the first and second forms, modify crops, soil 
characteristics, fertilizer selection, or management practices and see how the results change. In 
addition to this flexibility, the program calculates the cheapest fertilizer combination to satisfy the N, P 
and K crop rotation requirements when the option is selected (Fig.2).       

2.2 Pedagogical activities and evaluation 
The pedagogical activities were developed during 4 hours, involving: i) lectures explaining the program 
and its connections with basic concepts on fertilizer management according to the information 
provided in [4, 5, 6, 10], and ii) practice with the program in combination with the previous lectures to 
capacitate the students of using the program by themselves. Afterwards, the students used the 
program during a minimum of 2 hours as personal work. Finally, a discussion of the results with the 
teacher took place in which comments on the usefulness and limits of the program were collected. 

The effect of FertiliCalc as a learning tool was assessed by means of a pre-test-post-test design 
applied to a group of 24 students of the third year of the School of Agriculture Engineering 
(Universidad Politécnica de Madrid). All the students were allocated to a single group and, before 
practicing with FertiliCalc, they answered a knowledge survey that contained 20 questions. After the 
lectures and working sessions, students answered the same survey a second time. For each student 
pre- and a post-test scores were calculated as the percentage of correct answers in each test. The 
mean, median and standard deviation were calculated for the pre- and post-test scores. Comparison 
of students’ pre- and post-test scores was conducted by one-way analysis of variance. The graphical 
representation of students scoresthe results follows the approach proposed by [7, 12]. The statistical 
analyses were conducted with R software (version 3.6.1; R CoreTeam, 2018). 
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The knowledge survey was designed to evaluate the individual knowledge of each student on nutrient 
management. The survey contained 20 multi-choice or true/false questions, five related to fertilizers in 
general and 15 to the N, P and K management in cropping systems. For each question, the student 
earned 1 point if the answer was correct, 0 points for no answer, and -1 point if the answer was 
incorrect. The students’ scores were converted to a percentage to facilitate analysis and interpretation.   

3 RESULTS 
The mean pre-test score of the students was 41% and the median 36%, whereas for the post-test 
score the mean and the median were 54% (Fig. 4). The median of the post-test score was significantly 
higher (p>0.001) than that of the pre-test. The graphical representation of the pair values showed that 
pre- and post-test students’ scores were strongly correlated (r = 0.82 ; p<0.001); therefore, students 
who had a high pre-test score tended to have also a high post-test score (Fig. 5). Overall, 18 students 
increased their scores, 3 had the same and 3 slightly decreased their scores. Finally, the pair values 
comparison also pointed out that students that already had a basic knowledge (pre-tests score > 20) 
were able to increase more their learning. 

 
Figure 4. Boxplots of students’ score on the knowledge survey for the pre- and the post-test. Boxes show 

25 and 25% percentiles, whiskers 5 and 95% percentiles, and the line in the middle the median. 

 
Figure 5. Relationship between student pre-test and post-test score on the knowledge surveys.  
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4 CONCLUSIONS 
FertiliCalc showed high potential for being used as a teaching tool since it helps understanding the 
rationale behind fertilizer management. After attending an explanatory lesson and using the 
pedagogical tool the students increased their knowledge in nutrient management and fertilizer 
recommendation, with a mean increase of thirteen percentage points in the post-test knowledge 
survey with respect to the pre-test. Pair value score comparison showed that students that already 
had a basic knowledge on nutrient management in cropping systems were able to get the most out of 
FertiliCalc and increase more their learning. These results were obtained in a small group of students 
(n=24) and, therefore, need further verification in more groups and with students of different 
backgrounds or degrees. Finally, students enjoyed using FertiliCalc as a pedagogical tool and 
remarked that it also contributed to learn the technical terminology in foreign languages. 
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