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Abstract 
Most students graduated in Marine Science or other related disciplines (e.g. Geology, Biology, 
Chemistry) lack the basic background knowledge in scientific programming and modelling (e.g. 
Matlab, Fortran, Python), necessary in numerical disciplines such as Physical or Coastal 
Oceanography. Hence, when they enroll for postgraduate studies in Oceanography they are not able 
to properly follow the lessons related to the above disciplines and generally become discouraged. 
Trying to meet the needs of those students during the lessons would result in not accomplishing the 
course’s program, given the fact that MSc programs have concentrated material and are extremely 
demanding for the students. For this reason, a collaborative effort has been made among various 
lecturers to develop tutorials in order to promote self-directed learning among the MSc students with 
the aim of alleviating those deficiencies. These tutorials were applied in two different courses and 
consisted in: i) a quick-start Matlab guide for NetCDF meteorological and oceanographic data handling 
and plotting, and ii) the use of a front-end platform for visualising, analysing and evaluating results 
from the state-of-the-art morphodynamic model XBEACH-G. The above methods helped the students 
to understand the potential of programming and numerical modelling, as well as, the importance of 
applying such approaches both in consulting and research-based carriers. Overall, this methodology 
resulted in a higher level of satisfaction among students because it offered an active, flexible and self-
reliant learning method that was adapted to each person’s learning pace and difficulties. Finally, the 
tutorials proved to be an inclusive teaching strategy able to address the needs of students with 
different backgrounds, learning styles, and abilities, hence providing a more efficient learning 
environment, in which all students could reach their potential at their own pace and feel equally valued 
at the end of the course. 
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1 INTRODUCTION  
A large number of students graduated in technical degrees such as Marine Science, Environmental 
Science, Geology, Biology or Chemistry have acquired an insufficient knowledge in scientific 
programming and modelling (e.g. Matlab, Fortran, Python) at the time of graduation. Moreover, most 
of them show a clear lack of interest toward the mathematical and physical aspects of such degrees, 
even from the first year. In fact, previous authors have pointed out that the bad reputation of Physics 
as a difficult and non-attractive subject is mostly due to its problem-solving nature [1], together with the 
fact that many students either lack the necessary mathematical skills or they do not know how to apply 
them to solve particular problems in physics [2]. Moreover, in today’s era of data-intensive systems 
both research and consulting working environment are in need of technically competent employees 
that combine both technical skills (programming and modelling) and problem solving abilities. 

When students with a poor background in scientific programming and modelling enrol for postgraduate 
studies in Oceanography they are not able to properly follow the lessons related to numerical 
disciplines such as Physical or Coastal Oceanography. Furthermore, it is not possible for the lecturers 
to meet the needs of those students during the lessons because that would result in not accomplishing 
the course’s program. These facts lead to discouraged scholars. These difficulties have also been 
observed at the BSc level [3, 4, 5, 6, 7]. For example, it is common that first-year students enrolling 
different technical BSc degrees are not able to follow the learning pace of the subject of Physics due 
to either a poor background knowledge in mathematics and physics [3, 4] or simply because they have 
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the (wrong) impression that the subject is not related with the degree and quickly become 
disheartened due to the abstract nature of the subject [5]. [3, 4] carried out a teaching innovation 
project aimed at helping students to acquire the mathematical skills necessary to understand the 
subject of Physics by developing a set of virtual introductory and reinforcement lessons. More 
specifically, the authors designed and recorded a series of short-duration videos (4-8 minutes) dealing 
with basic mathematical concepts that could be consulted anytime by the students. Results showed 
that overall short videotaped tutorials were a useful reinforcement strategy that helped scholars to 
understand concepts that remained unclear during the class due to their lack of basic knowledge, 
hence increasing their motivation and ability to learn. Other learning difficulties also arise when the 
student has a job and cannot attend the lessons on an everyday basis or in the case of foreign 
students with an insufficient knowledge of the language the lectures are taught in [7]. These authors 
showed that making medium-duration (~15 minutes) video recordings of the lessons were a useful tool 
to help those students. Similar resources have proved useful for increasing the number of students 
that pass scientific subjects in graduate courses [8]. 

The practises mentioned above are part of the inclusive teaching strategies, a teaching approach 
design to address the needs of students with different cultural, racial, gender or knowledge 
backgrounds, learning styles and abilities, with the ultimate goal of providing an inclusive learning 
environment in which every scholar feels equally appreciated. When applied to higher education, 
inclusive learning and teaching allude to the processes by which curricula, pedagogy and assessment 
are transferred to students in a meaningful, relevant and accessible way [9]. The individual differences 
are not only welcomed, but also used to enrich the lives and learning of others. On the other hand, 
they pursue a conceptual change in scholars provoking a cognitive conflict in order to help the 
assimilation and accommodation of the new information [10]. 

The objective of this work was to create an inclusive learning environment among students at the 
University of Cadiz MSc in Oceanography with the aim of alleviating their poor background knowledge 
in scientific programming and modelling. In addition, the study investigated the alternative conceptions 
of learners in order to orientate the teaching-learning process and for the student’s self-knowledge. 
This paper is organized as follows: Section 2 describes the methodology used and the experiments 
conducted; main results are detailed in Section 3; Section 4 presents the conclusions. 

2 METHODOLOGY 
The students enrolled at the University of Cadiz MSc in Oceanography during the academic year 
2016-2017 had a broad variety of educational backgrounds, including BSc in Marine Sciences, Biology 
and Geology. As a result, a large percentage of them admitted not having the basic background 
knowledge in scientific programming and modelling (e.g. Matlab, Fortran, Python) nor in numerical 
calculus, necessary in subjects such as Physical Oceanography and Coastal Oceanography. For this 
reason, a collaborative effort was made among various lecturers to develop tutorials in order to 
promote self-directed learning among the students with the aim of alleviating the above mentioned 
deficiencies. More specifically, three lecturers involved in teaching those two subjects, together with a 
colleague researcher specialized in pedagogy, designed a teaching strategy based on the inclusive 
teaching approach that took into account the different background knowledge of each student. On one 
side, students were directly asked about their programming skills (or lack of them) during the first 
lesson to raise awareness of their own needs among them; on the other side, the lecturers performed 
an indirect evaluation of each individual’s learning styles and needs during the theoretical lessons 
through observation and evaluation. Once the students’ needs we properly identified, the lecturers 
developed a series of tutorials that were provided to the students in advance with the aim of promoting 
inclusivity during the practical lessons.  

The tutorials consisted in: i) a quick-start Matlab guide for NetCDF meteorological and oceanographic 
data handling and plotting, and ii) the use of a front-end platform for visualising, analysing and 
evaluating results from the state-of-the-art morphodynamic model XBEACH-G [11]. The first group of 
tutorials were provided as part of the Physical Oceanography subject and intended to teach students 
how to process meteorological and oceanographic data, starting from the most basic programming 
commands (e.g. Fig. 1) and gradually progressing until all the subject’s content was covered (e.g. 
Fig.2).  
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Figure 1. Example of the tutorial showing the meaning and use of two basic programming commands. 

 
Fig 2. Example of the tutorial showing how to use some advanced data plotting tools 

The students were divided into small groups (2-3 students per group) to carry out their assignments; 
these included analysing and plotting a series of real datasets using most of the techniques explained 
in the tutorials. It must be pointed out that the tutorials did not directly solved the problems but rather 
explained how to look for a solution (e.g. Fig.3). In this way, students were encouraged to develop a 
collaborative learning environment within the group. Finally, the tutorials were general enough to be 
used in different subjects with different types of datasets. 
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Figure 3. Example of the tutorial showing how to average a 2D array by columns (top panel) and by rows 

(bottom panel) 

The second group of tutorials were specifically designed for the subject of Coastal System Modelling 
and more specifically in the module of Multiscale Coastal Evolution [12]. When working in a complex 
and multiscale system, numerical modelling often provides a useful tool in order to separately study 
processes under idealised conditions. In these tutorials students used the XBeach-G GUI platform to 
study different coastal morphodynamic processes. As in the previous subject, the students were 
separated in small groups of 2-3 individuals and, jointly with the lecturer, designed a set of numerical 
experiments in order to study the above processes. Finally, an assignment was prepared by each 
group in a form of short scientific paper. For the initialisation in the GUI platform, a tutorial was 
provided for the scholars to familiarise themselves with the model.  
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3 RESULTS 

3.1 First group of tutorials 
The Matlab tutorials were used by students in order to solve the tasks assigned. As mentioned before, 
they did not provide answers to specific questions; rather, they oriented the reader toward the way to 
find the answer. For example, if they needed to calculate the seasonal mean of a particular 
meteorological parameter (e.g. wind, atmospheric pressure) distributed on a geographic map, they 
would have to combine the information given during the theoretical class with the guides shown in the 
tutorial (Fig. 3) in order to find the explanation of how to average an array along the desired 
dimension. Since the students were encouraged to visit the lecturer’s office whenever they needed 
help or reassurance, the lecturer used their visits to ask for their personal opinion about the tutorials. 
Overall, the tutorials become very popular among students. Those scholars with a medium to high 
numerical and programming background found that the tutorials contained all the information they 
needed to solve their doubts or to orient them into finding the correct solution. However, those 
students with a low numerical and programming background said that, although very helpful, the 
tutorials were not basic enough for them and they needed extra-help from the lecturer or colleague 
students.  

3.2 Second group of tutorials and GUI platform 
The GUI and tutorial were combined to initialise students with variable levels of programming to 
scientific modelling. The use of the tutorial allowed the students to work at their preferred pace and at 
the same time provided them with the freedom to focus their attention to their area of interest. More 
specifically, after a quick presentation of the interface, the students we able to setup an initial model 
following the tutorial. The folder structure of the project at the left of the screen (Fig. 4) provides in a 
glance a total view of the input parameters necessary to execute the model. Students were let to 
investigate individually and in groups the input parameters before formulating a topic to investigate. It 
was observed that overall students were primarily driven by their personal scientific interest and tried 
to see if they were able to introduce them in the model. In more detail, students with a geological 
background were primarily interested on the effect of the coastal morphology on the waves while 
those with an oceanography background were more interested in varying the hydrodynamic forcing 
parameters in the model. As a consequence, the topic selected by each group to investigate and write 
the report assigned followed the same trend. 

 
Figure 4. XBeach-G main screen. The input and output folder structure can be observed at the left and the 

panel to input bathymetry parameters at the right. 

Apart from the input, the output structure also offers important advantages to the students. Output 
parameters can be selected from the Chart panels (Fig. 5) and are automatically displayed in the 

3124



central panel. The student can select to view the results in a cross-section or at specific points; 
besides, they can choose whether to visualize a particular time stamp or continuous video of the 
simulation. Finally, some basic statistical parameters are calculated by the GUI. This fast and 
comprehensive visualization of the results is very important because the student can immediately see 
the potentials of numerical modelling, both as a research and as a teaching tool. It is known that 
numerical modelling has a steep learning curve and many times the difficulties in even visualization of 
the results (due to lack of technical skills) are a major drawback for the students. The present GUI and 
teaching method provides a solution for scholars to initialize their studies in this area.  

Furthermore, XBeach-G is much more than a simple GUI. It is a state of the art model in coastal 
morphodynamics that is actively been used to simulate numerous coastal processes. The model is 
open source and, apart of the GUI environment, the full input, output and executable files and 
parameters are being generated and provided. The output data are stored in a netCDF format; hence, 
the students are encouraged to use the tutorials and knowledge acquired during the meteorological 
and oceanographic data handling and plotting module presented in the previous subsection in order to 
further investigate the XBeach-G output. Making interconnections between subjects and modules 
within the syllabus of the Master was positively evaluated by the students. 

 
Figure 5. XBeach-G main screen. The input and output folder structure can be observed at the left, the 

output panel showing the wave characteristics at a certain moment of the simulation (center) and the chart 
panel (right) that is used to select the different output parameters for viewing. 

4 CONCLUSIONS 
The above methods helped the students to understand the potential of programming and numerical 
modelling, as well as, the importance of applying such approaches both in consulting and research-
based carriers. Overall, this methodology resulted in a higher level of satisfaction among students 
because it offered an active, flexible and self-reliant learning method that was adapted to each 
person’s learning pace and difficulties.  

The initial conceptual thoughts changed along the process and the methodology accomplished the 
cooperation between the groups, as the students worked together achieving the common goal of 
scientific programming and modelling learning. Moreover, it enhanced interpersonal skills and 
established a comfortable environment where the learners felt free to express their ideas and doubts. 

Finally, the tutorials proved to be an inclusive teaching strategy able to address the needs of students 
with different backgrounds, learning styles, and abilities, hence providing a more efficient learning 
environment, in which all students could reach their potential at their own pace and feel equally valued 
at the end of the course. The combination of a GUI and a tutorial was proved an excellent combination 
to initialise students to numerical modelling and data handling methods. Creating links between 
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different courses and modules was positively evaluated by the students because they could make the 
most of their learning efforts. The knowledge of students’ misconceptions led to an adapted teaching-
learning process and allowed the design of tutorials, that were adapted to students needs and were 
successful at overcoming alternative conceptions. In the future, further work on lecturer conceptions 
should be carried out as they play an important role in the learning process. In addition, an 
assessment should also be taken into account in order to provide feedback and measure the students’ 
progress. 
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