
Vol.:(0123456789)

Technology, Knowledge and Learning
https://doi.org/10.1007/s10758-021-09510-9

1 3

ORIGINAL RESEARCH

Technology‑enhanced Learning for Promoting Technical 
and Social Competences in Hydrological Science

Feliciana Licciardello1   · Simona Consoli1 · Giuseppe Cirelli1 · Carlos Castillo2 · 
Elvira Fernández‑Ahumada3   · Jesús Montejo‑Gámez4   · Encarnación V. Taguas2

Accepted: 20 March 2021 
© The Author(s) 2021

Abstract
This paper explains and analyses a virtual gamification experience developed by a teach‑
ing group from the University of Catania (Italy) and the University of Cordoba (Spain). A 
competition based on professional tasks about hydrological planning was implemented in 
two subjects on Hydrological Sciences. The teaching experience was designed to improve 
the acquisition of technical knowledge and skills needed for hydrological studies, promote 
the management of ICT and increase international cooperation between different universi‑
ties; all aimed at making students more employable. The experience is transferable to dif‑
ferent academic levels. Following the philosophy of soccer leagues, the students solved and 
presented the exercise by teams of two students. Through videoconference, the presenta‑
tion and the explanation were done so the fans in each country supported their teams. The 
students found it a very challenging experience but at the same time, some of them were 
aware of their needs of improving technical knowledge, particularly Geographical Informa‑
tion Systems, and English language skills. Updating of tools and the schedule within the 
different academic calendar were their main organization handicaps. The main outcome of 
the presented experience is that social energy and enthusiasm associated to popular activi‑
ties such as soccer led to improve the interest and the motivation of the students in chal‑
lenging technical contents as well as teamwork and language transversal competences.

Keywords  Social and technical competences · Hydrological Sciences · International 
teaching experience · Gamification

 *	 Feliciana Licciardello 
	 flicciar@unict.it

1	 Department of Agriculture, Food and Environment (Di3A), University of Catania, Via Santa Sofia, 
100‑95123 Catania, Italy

2	 University of Cordoba, ETSIAM, Córdoba, Spain
3	 Department of Mahtematics, Faculty of Education Sciences, University of Cordoba, Córdoba, 

Spain
4	 Departament of Mathematics Education, Faculty of Education Sciences, University of Granada, 

Granada, Spain

http://orcid.org/0000-0003-3316-7731
http://orcid.org/0000-0002-3371-5382
http://orcid.org/0000-0001-9461-6348
http://crossmark.crossref.org/dialog/?doi=10.1007/s10758-021-09510-9&domain=pdf


	 F. Licciardello et al.

1 3

1  Introduction

The challenge of transforming the teaching-learning processes to train professionals 
adapted to the new times has evidenced the need to promote scenarios allowing the devel‑
opment of competencies such as adaptivity, autonomy, self-learning, teamwork or anticipa‑
tion, considered, according to Uskov et al. (2018), characteristic of smart classrooms.

In this context, activities in which students work with real problems take on special rel‑
evance. For that aim, it is important to design learning that combines both real and virtual 
learning environments (Zhu et  al., 2016) and where technology-enhanced-learning may 
play an important role. In this line, there are innovative learning initiatives including learn‑
ing-by-doing, flipped classroom, game-based learning, adaptive teaching, or collaborative 
learning, among others, whose outcomes are demonstrating their benefits and contribution 
to what is called smart pedagogy.

These new trends in education make a good deal of sense in the field of engineering 
and particularly in water planning, which has become a globalized issue, is changing at an 
unprecedented rate because it deals with a critical resource for humans, and suitable char‑
acterization, prediction and response to threats are required. The evaluation of hydrological 
risk assessment and modelling studies are vitally important, especially in Mediterranean 
countries, due to the extreme irregularity of the water regime. Flood control studies are 
needed to protect infrastructures close to rivers against periodic extreme events. In con‑
trast, dams are required to store water for dry periods. In addition, there is a high degree of 
uncertainty associated with the impact of climate change. When these issues are analysed 
in engineering studies, students encounter learning difficulties regarding the theoretical 
concepts of hydrology, the management of different sources of information (topographical 
features, meteorological data and land use, among others) and the use of tools such as the 
Geographical Information Systems. Under this scenario, smart pedagogies provide educa‑
tors with strategies to elicit students’ development of competences.

On one hand, cooperative learning in engineering degrees has demonstrated its capacity 
to improve training in technical, personal and contextual competences (De los Ríos et al., 
2010; Wan Alwi et al., 2012). The use of virtual reality to implement such teaching strate‑
gies has proven to be positively perceived by students (Fernández-Ahumada et al., 2020). 
These methodological approaches also allow students to develop critical thinking and 
improve social skills, by sharing or defending their ideas. At the same time, aspects such as 
creativity, autonomy, life-long learning and the capacity of analysis are strengthened when 
the students work on common scenarios or real cases they may face in the future as profes‑
sionals (Göl & Nafalski, 2007; Schaf et  al., 2009; Rodríguez-Donaire & Amante, 2012; 
Redel et al., 2014).

On the other hand, numerous experiences in education have demonstrated the useful‑
ness of gamification to enable students to familiarize themselves with real problems in 
engineering (Deshpande & Huang, 2011; Nag et al., 2013), as well as in other fields (Ran‑
dall et al., 1992). The use of games based on sports can be a motivating way of illustrating 
concepts in different disciplines. Rydakob et  al. (2010) selected a range of games based 
on parachute jumps, skating, free-falling and running to explain the basic laws of theo‑
retical mechanics, including examples which focused the students’ attention on different 
academic disciplines. Various reviews and empirical papers show that, in education/learn‑
ing contexts, gamification has mostly positive effects in terms of increased motivation, 
participation and enjoyment of learning tasks (Hamari et  al., 2014; Koivisto & Hamari, 
2019; Pertegal-Felices et al., 2020). In the field of computer engineering education, where 
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research on gamification abounds, a positive impact of gamification on student knowl‑
edge has also been detected (Kasahara et  al., 2019; Venter, 2020). Among other advan‑
tages, Falavigna et al. (2016) highlight that gamification provides an opportunity to present 
contents integrated in a teaching activity shared with students; although, as Dominguez 
et al. (2013) point out, designing and implementing a successful gamification experience 
requires a great effort. Hamari et al. (2014) also underline, among the negative outcomes 
to which attention should be paid, the difficulties in evaluating tasks and the effects of 
increased competition.

As exposed above, the proper combination of elements of gamification and the use of 
technology may give rise to smart teaching strategies that promote the development of stu‑
dents’ professional competencies, not only the technical but also the social ones, in order to 
address real projects.

In this paper, some elements of gamification have been considered. The authors under‑
stand gamification as "the use of game design elements in non-gaming contexts" as 
described by Deterding et al. (2011). These authors point out that gaming is not the same 
as playing, since gaming implies the use of well-defined rules and competition to achieve 
objectives, as opposed to playing, which is understood as a freer and more improvised form 
of expression. In the educational context, we understand gamification as the introduction 
of a system of learning objectives for the achievement of which students must compete by 
respecting certain rules. In this paper, elements of gamification such as levels and rewards 
are reflected which, together with leaderboards, are considered to be the most used in the 
field of engineering education (Koivisto & Hammari, 2019; Venter, 2020).

Furthermore, approaching this activity in a context of collaboration between universi‑
ties adds learning opportunities for students. The collaboration between universities of dif‑
ferent countries to share similar projects and teaching methodologies is an essential part 
of the Bologna Process. International teaching experiences can help to develop different 
skills (including foreign language learning), social competences and employability features 
among their students, and thus facilitate their access to the labour market.

In this paper, an educational experience including components of the above-mentioned 
methodologies is presented. It aimed at improving students’ acquisition of technical knowl‑
edge and skills needed for hydrological studies and increasing international cooperation 
between two universities, through a competition devised along the lines of the European 
soccer leagues, which have an enthusiastic and competitive following in Italy and Spain. 
The research deals with the open question of analyzing the impact of the experience on 
students’ perception.

The analysis aims at exploring both the usefulness of a teaching experience with ele‑
ments of technology-enhanced learning and how the students felt about it. Concretely, the 
research question to answer is as follows: How students perceive the implementation of 
this teaching experience to develop professional and technical competences related to water 
planning?

2 � Methodology

2.1 � Participants and Teaching Experience

We chose two courses for this teaching experience: a course entitled “Water Resources 
Management in Agriculture” at the University of Catania (Italy) and a course entitled 
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“Software and Tools in Engineering Projects” at the University of Cordoba. A total of 39 
students were involved in the first phase of the two-year study: 23 in Spain and 16 in Italy.

The first course belongs to the second semester of the 4th year of the degree in Civil 
Engineering, with 60 hours of lectures, whereas the latter belongs to the 4th year of the 
degree in Forestry Engineering, with 45 hours of lectures. The courses had content and 
competences in common. Figure 1 shows a summary of the experience.

The target competences of the instruction were the following: (i) teamwork; (ii) coop‑
erative learning and the use of ICT in order to improve adaptation to technological, social 
and economic changes; (iii) communication to share knowledge between students in differ‑
ent social environments; (iv) social and environmental commitment when carrying out pro‑
fessional activities; and (v) innovation, creativity, leadership and critical thinking needed to 
solve problems.

The professional task to carry out during the experience is based on the Curve Number 
method developed by the Soil Conservation Service (1972), whose objective is to calcu‑
late the runoff of a catchment and the maximum peak flow to provide measurements for 
flood control infrastructures. Firstly, the students were put into groups of two or three and 
taught the theoretical concepts, and then they were given a common practical case to solve 
(Figure 2).

The cartographical information such as maps and the digital elevation model were given 
to generate the catchment drainage area and the channel slope and length, while the aerial 
ortophotography and soil map allowed them to distinguish the land uses, soil types and 
management. 6-hour practical sessions were given in the use of Geographic Information 
Systems for evaluating the physical features of land. The main objective was to determine 
the drainage area and the concentration time of the catchment as well as its Curve Number. 
The meteorological data of precipitation at the study site were used to adjust the intensity-
duration-frequency relationships and to create the input hyetograph of total precipitation 

Fig. 1   Summary of the experience: objectives, competences, methodological structure and assessment pro‑
cedure
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following the methodology of alternating blocks. Finally, after calculating the hyetograph 
of net precipitation through the Curve Number approach, the students had to calculate the 
output hydrograph and the peak flow for the project (Figure 2). For this part, 16 hours were 
required for the theoretical and practical lessons, as well as the tutoring work required to 
prepare the report.

For the first stage (“National League”), the students from each University presented 
their projects to their tutor. The tutors and students agreed on the best teams, and these 
played the “Champions League”, which took place via video conferencing. This two-phase 
approach shows examples of gamification elements such as levels and leaderboard. An 
international committee composed of Spanish and Italian tutors decided on the winning 
team on the basis of the accuracy of results, the capacity to explain and defend the work 
in English and the quality of the presentation. The prize for the winners in each country 
included a certificate of participation in international conferences and a winner’s certifi‑
cate. In this case, the gamification elements used were the rewards.

2.2 � Data Collection and Analysis Procedures

In order to evaluate the impact of the teaching experience on the students’ perceptions, 
quantitative and qualitative analyses were performed (Alaminos-Chica et al., 2006).

Quantitative data were obtained through two questionnaires: one of them before (pre-
test) and another one after the course (post-test). Each questionnaire had three five points 
Likert-scale questions (1: total disagreement, 5: full agreement):

1.	 Rate your level of knowledge (or “improvement” after the course) of engineering pro-
jects related with water management.

2.	 Do you feel capable (or “more capable” after the course) of carrying out a hydrological 
study for controlling floods or managing resources?

Fig. 2   Details of the methodology followed: technical and humanistic/social contents and temporal organi‑
zation and session types
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3.	 Rate your level of interest (before and after the course) in Hydrology.

The answers to these questions provided the scores of three variables per questionnaire: 
Knowledge (connected to question (1), Competence (connected to question (2) and Interest 
(connected to question (3). In order to have a whole idea of students’ perceptions about the 
course, a fourth variable was also calculated: Global valuation, whose values are the aver‑
age of the three other ones. Therefore, 8 variables were considered for the analyses: 4 in the 
pre-test and 8 in the post-test.

Also, t-tests were applied to check the significance of the difference in the survey results 
before and after the course.

Qualitative analysis was carried out through two interviews with all the participants 
(students and professors). The interviews had flexible scripts to check the provided answers 
from the questionnaires and to complete the impact interpretation of the learning expe‑
rience. All the opinions were transcribed to texts which were reviewed and organised to 
provide main strengths and weaknesses of the course according to the students and the 
professors.

3 � Results

3.1 � Quantitative Analysis

Table 1 shows the descriptive statistics of the results for the students who answered the 
questions and also the variation of the score before and after the course in both countries.

Regarding the initial evaluation (pre-test), the scores of the Knowledge, Competence and 
Interest were around 2.50, 3.26 and 3.74, respectively. Thus, the global valuation of stu‑
dents’ perceptions about their skills had a score of 3.17. In this first valuation, differences 
between Spanish and Italian perceptions were less than 0.5 in all the variables.

Regarding the final evaluation (post-test), the variables Knowledge, Competence and 
Interest obtained scores around 3.54, 4.06 and 4.51, respectively, with a global valuation 

Table 1   Descriptive statistics for the variables analysed for the Italian students, the Spanish students and all 
together

“s.d.” refers to the standard deviation.

Spanish Italian Together

Mean value s.d. Mean value s.d. Mean value s.d.

Pre-test
Knowledge 2.59 0.91 2.38 0.5 2.50 0.76
Competence 3.35 0.83 3.13 0.81 3.26 0.82
Interest 3.61 0.78 3.94 0.77 3.74 0.79
Global val. 3.19 0.93 3.15 0.95 3.17 0.94
Post-test
Knowledge 3.57 0.68 3.50 0.52 3.54 0.61
Competence 4.19 0.93 3.86 0.36 4.06 0.76
Interest 4.33 0.80 4.79 0.43 4.51 0.70
Global val. 4.03 0.86 4.05 0.70 4.04 0.80
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around 4.04. In this case, no great differences were found between Spanish and Italian per‑
ceptions. To sum up, descriptive statistics suggests that the course provokes higher scores 
in all the variables. Also, the global valuations of Spanish and Italian students are similar 
to each other.

Figure 3 shows the distribution of frequencies along the different questions in the two 
countries, both in the pre-test and in the post-test. Before the course, 14% and 0% of stu‑
dents in Spain and Italy, respectively, produced scores greater than 3 in the variable Knowl-
edge. After the course in both countries the score for Knowledge increased 67% in Spain 
(a high/very high level of knowledge), and 50% in Italy (a high level of knowledge). The 
global value increased more in Spain (75%) than in Italy (47%).

Fig. 3   Percentages of students who chose the answers with the different score before and after the course in 
Spain and Italy
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Concerning the variable Competence, about 70% of the students in both countries 
thought before the course that they were not able to carry out a hydrological study for 
controlling floods or managing resources; after the course, about 86% in both countries felt 
more comfortable with these kinds of studies, even if most of them said they still needed 
more experience. The mean score increased for both countries by about 25%.

About the variable Interest, all the students involved in the course in both countries 
showed, at the beginning, interest in learning at least the basics of Hydrology (94% in 
Italy and 100% in Spain). After the course, the level of interest was higher/much higher 
than before for most of the students (81% in Spain and 100% in Italy) and the mean score 
increased in both countries, albeit slightly less (about 20%) compared with the other ques‑
tions, due to the fact that there was some interest before.

Regarding the t-tests, Table 2 exposes significant differences (p-value less than 0.01 in 
one case and less than 0.001 in the rest) for each of the three questions, both when con‑
sidering Spain and Italy separately and together. The values of Cohen’s d, statistic which 
measures to what extent the impact of the course was important, show that for Spanish stu‑
dents the impact was large and for Italian students it was medium, according to descriptors 
proposed by Cohen (1988) and expanded by Sawilowsky (2009).

3.2 � Qualitative Analysis

The main strengths mentioned by the students were summarised in Table 3. It is worth not‑
ing how the motivation and challenge involved in an international competition, as well as 
the consolidation of certain concepts in hydrology and the formal recognition obtained and 
the practical projects carried out during the course were the most highlighted aspects by 
the students. As for weaknesses, the following aspects were emphasised: (i) lack of previ‑
ous knowledge to address the practical case as a result of different backgrounds derived 
from the teaching program of each University; (ii) lack of English language skills and (iii) 
the extra-effort to face voluntary activities which are not essential to pass the subject. In the 
case of the University of Cordoba, most students enroll in this optional subject - because 
it is eminently practical and due to the great use of ICTs. Loss of motivation appears as a 
result of many concepts in Hydrology can result quite abstract as well as their interrelation‑
ships, especially when mathematical models are applied.

As far as the tutors were concerned (Table 3), the main strengths were the positive and 
enthusiastic reaction of the participants, the improvement in the students’ technical knowl‑
edge and the acquisition of soft skills related with the oral expression, teamwork and the 
cooperation with other universities. It is relevant to underline how the practical work car‑
ried out was demanded to pass, however the form of presentation and the competition was 

Table 2   Results of the t-test and effect sizes

Spanish Italian Together

p-value Cohen’s d p-value Cohen’s d p-value Cohen’s d

Knowledge < 0.001** 0.82 < 0.001** 0.52 < 0.001** 0.70
Competence < 0.001** 0.90 < 0.01* 0.65 < 0.001** 0.80
Interest < 0.001** 0.81 < 0.001** 0.65 < 0.001** 0.76
Global val. < 0.001** 0.91 < 0.001** 0.85 < 0.001** 0.88
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the key to promote a higher degree of involvement and motivation of the students, who 
could adopt the role of players or as fans of their team when they failed.

The perceived weaknesses were mainly related with organization and the extra work 
required apart from the difficulties to motivate the participation in a context of scarce 
immediate reward for the students. In both subjects, loss of motivation appears as a result 
of many concepts in Hydrology can result quite abstract as well as their interrelationships, 
especially when mathematical models are applied. The use of ICTs, which is well-valued 
and attractive for the students, can compensate the discouragement associated to the work 
field difficulty.

4 � Discussion and Conclusion

This paper describes a teaching experience based on smart strategies to enhance under‑
graduate students’ competencies, in a shared international virtual gamification strategy. 
This learning experience improved the undergraduate engineering students’ perceptions on 
their own competences, as well as interest on water planning (Figure 4). It is worth noting 
how the weighted scores on knowledge and capability were similar in both countries before 
the teaching experience, however, Italian students who were initially “more interested” 
reached the highest scores.

The results showed that, as in similar experiences (Wan Alwi et al., 2012; Hamari et al., 
2014; Koivisto & Hamari, 2019; Pertegal-Felices et al., 2020; Venter, 2020), the degree of 
motivation among students and teachers increased. In particular, the students experienced 
that their knowledge increased after the course. They also felt that their capacity to carry 
out a hydrological study after the course had improved, even if the resulting mean score 
was lower than for the first question. This means that they need more practical knowledge 

Table 3   Summary-list of the 
main strengths and weaknesses 
derived from the experience

Group Main strenghts Main weaknesses

Students Motivating and 
challenging

Complete analysis 
of different 
concepts of 
Hydrology

Interesting merits
A practical activity 

where interest‑
ing ICTs were 
handled

Extra-work (time consuming 
activity)

Problems to meet and collaborate 
with the peers

Difficulties to handle Geographi‑
cal Information Systems or lack 
of some previous knowledge

Difficulties with a foreign lan‑
guage

Professors Rewarding reaction 
of students

knowledge and 
soft skills (oral 
expression and 
teamwork)

Differences in the scholar calendar
Extra work for translating and 

preparing a suitable English 
material for both groups of 
students

Extra work to find a suitable room 
and preparation arrangements

Difficulties to motivate the 
participation of the students in 
“extra-activities” due to excess 
of homework, exams, etc.
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to feel completely comfortable when carrying out a hydrological study for controlling 
floods or managing resources. Nevertheless, although interest in studying hydrology was 
high before the course, it increased even more after the course. The fact that the mean 
evaluated score for all the questions increased by 34% for Spain and 29% for Italy after the 
course proves that there was a generally positive evaluation of the experience. Other stud‑
ies can be compared with our case: for instance, Belloti et al. (2014) analyzed the impact of 
different “serious games” used in business schools in Europe and highlighted that the “fun 
element” led to an improvement in both student motivation and their capacity for analysis 
in entrepreneurship.

On the other hand, considering the second stage of the course (“The Champions 
League”), those students from each country who played in the international final by vide‑
oconference were capable of explaining and defending their work in English, which was 
a highly rewarding experience, combined with the opportunity to participate in interna‑
tional conferences and receiving a winner’s certificate. Similar findings were reported by 
Dominguez et al. (2013), in the context of a transversal university course, indicating that 
“gamification can have a great emotional and social impact on students, as reward systems 
and competitive social mechanisms seem to be motivating for them”. On the other hand, 
Remon et al. (2020) also observed the increase students’ awareness about the existence of 
intrinsic sociocultural differences related to language when they worked in international 
pairs with students of Chemical engineers on new bio-refinery concepts.

Despite the fact that the students commented “off the record” that the game style 
encouraged them to dedicate more of their free time to the project (as other authors have 
noticed, e.g. Ross et  al., 2014) the weaknesses expressed were mainly connected with 
organization and the extra work involved (as also reported by Domínguez et al., 2013), as 
well as with difficulties related to using the Geographical Information Systems and foreign 
language skills. More stuff and training on this kind of systems would overcome the men‑
tioned weaknesses.

One of the strengths of this work is that it has implemented an experience that can be 
considered as a collective gamification. This idea has been pointed out by Koivisto and 

2.6 2.4

3.6 3.53.3 3.4

4.3
4.7

3.6
3.9

4.3
4.8

Spain Before Italy Before Spain A�er Italy A�er

Q1-Knowledge Q2-Capability Q3-Interest

Fig. 4   Weighted scores (1-5) obtained for the question about knowledge, capability and interest (Q1-Q3) 
before and after the teaching experience in Spain and Italy
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Hamari (2019) as one of the future lines whose possibilities should be further explored 
from the point of view of educational research. In fact, European soccer leagues and/
or World Cup spirit are understood in countries all over the world which can be helpful 
in numerous international educative contexts to encourage the effort in difficult sub‑
jects. The benefits of internationalizing engineering education have been identified by 
authors such as Beddoes et  al. (2010), Diaz-Lantada & Sevillano (2017) and Remon 
et al. (2020), keys to provide comparative assessments, joint curriculum development, 
pooling of academic expertise and economies of scale, dissemination of “best prac‑
tices,” setting and promoting international standards and forums for and broadening the 
perspectives of researchers, students, and faculty, among others.

On the contrary, some limitations of this work are related to the so-called novelty 
effect (Kasahara et  al., 2019). Evidently, the experience was designed to improve the 
learning. Therefore, similar studies are then needed to analyse the long-term effect of 
such experiences. Another limitation of this research concerns external validation of 
the results, which is somehow an intrinsic feature of this kind of experiences: they can 
be difficult to reproduce in other settings (Kasahara et  al., 2019). In this sense, it is 
important that sport rules are known and “popular” for the participants. In addition, the 
authors believe that efforts should be made to develop tools that allow the teacher’s work 
and analysis to be automated. As for the learning results compared with other academic 
years, the additional improvement of social competences was definitely more enriching 
for the students whereas the knowledge contents were exactly the same. Authors such 
as Grasso and Martinelly (2010) also underlined the need to integrate knowledge across 
different disciplines in engineering to deal with complex problems and better serve 
humanity.

Finally, we would like to highlight how the use of a positive energy associated to 
social life (soccer in this case) allowed us to refocus student interests. We consider that 
not are only these aspects worthy for improving technical knowledge in Hydrological 
Sciences, but they also lead to enhance humanistic competences in any type of teaching. 
Policy making on educational strategies should encourage positive attitudes on hard sci‑
ences to encourage effort and openness for cooperative learning basing on micro level 
experiences as the obtained in the present study.
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