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%{: Abstract

The next generation of ocean mappers need to master programming skills to meet
increasingly higher expectations for timely ping-to-public data workflows. As such,
the e-learning Python for Ocean Mapping (ePOM) project was established at the
Center for Coastal and Ocean Mapping/NOAA-UNH Joint Hydrographic Center
(University of New Hampshire). The project aims to support new ocean mapping
students and professionals in reaching a minimum level of programming skills.
These skills are then expanded with further powerful capabilities by leveraging the
& open-source Python scientific stack and the NOAA (National Oceanic &
Y Atmospheric Administration) Office of Coast Survey’s Pydro distribution. To the best
of our knowledge, the ePOM project represents the first attempt at creating a set of
M comprehensive open-source courses providing students with the required initial
' coding skills for a career in the ocean mapping field.
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u Résumé

| La prochaine génération de spécialistes en cartographie océanique doit maitriser les
M compétences en programmation pour répondre aux attentes de plus en plus élevées
& en matiére de flux de travail de données ping-to-public en temps opportun. En tant
[ que tel, le projet d’apprentissage en ligne Python for Ocean Mapping (ePOM) a été
I créé au Center for Coastal and Ocean Mapping/NOAA-UNH Joint Hydrographic
Center (Université du New Hampshire). Le projet vise a aider les nouveaux étu-
m diants et professionnels de la cartographie océanique a atteindre un niveau mini-
I mum de compétences en programmation. Ces compétences sont ensuite étendues
m avec d’autres capacités puissantes en tirant parti du stack scientifique de Python et
& de la distribution Pydro du Service des levés cotiers de la NOAA (National Oceanic
W & Atmospheric Administration). A notre connaissance, le projet ePOM représente la
premiére tentative de création d’'un ensemble de cours open-source complets offrant
M aux étudiants les compétences de codage initiales requises pour une carriére dans
m le domaine de la cartographie océanique.

Mots-clés: Cartographie océanique, programmation, calcul scientifique, édu-
M cation, science des données océaniques
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Articles

. Resumen

La préxima generacion de cartografos oceanicos necesitara dominar las habilidades
de programacién para cumplir las expectativas crecientes de flujos de datos rapidos
8 de-ping-al-publico. Por eso se creé el proyecto de formacién a distancia en Python
y para Cartografia Oceanica (ePOM) en el Centro de Cartografia Costera vy
| Oceanica / Centro Hidrografico Conjunto NOAA-UNH (Universidad de New
g Hampshire). El objetivo del proyecto es ayudar a los nuevos estudiantes y
profesionales de cartografia oceanica a alcanzar un nivel minimo de habilidades de
programacion. Después se amplian estas habilidades con capacidades mas
™ potentes aprovechando el stack cientifico Python de codigo abierto y la distribucion
1 de Pydro de la Oficina de Levantamientos Costeros de NOAA (Administracién
® Nacional del Océano y la Atmésfera). Hasta donde sabemos, el proyecto ePOM
m representa el primer intento de crear un conjunto de cursos completos de cédigo
m abierto que proporcionan a los estudiantes las habilidades de codificacion inicial
M necesarias para hacer carrera en el campo de la cartografia oceanica.
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B Palabras clave: Cartografia oceanica, programacion, informatica cientifica,
m educacion, ciencia de datos oceanicos
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1. INTRODUCTION

Computing has revolutionized research over the past several decades. Contemporary studies in
earth science, oceanography, ocean engineering and other marine sciences now rely on comput-
er programs. Computation is essential for data acquisition, analysis, automation, and hypothesis
testing via modeling and simulation. As such, the ability to read, understand and write computer
programs is now part of the list of indispensable skills that a modern researcher needs to have.

The role of programming in ocean mapping is not limited to research. Programming is already an
important part of STEM (Science, Technology, Engineering, and Mathematics) education, with
several curricula incorporating it as a core competence. Specifically, ocean mappers are increas-
ingly expected to have a basic understanding of the computational tools that they are using to col-
lect and process data daily (Masetti et al., 2020). Following this trend, the next generation of
ocean mappers will need to have, and constantly expand, a set of solid programming skills to face
the variety of new sensors and data types, and complexity of newly collected data (Mayer and
Roach, 2021). At the same time, based on current trends in the technological evolution of ocean
mapping, datasets of unprecedented size are becoming the norm (Hughes Clarke, 2018; Le
Deunf et al., 2020). This situation will be exacerbated by even higher expectations for the timely
transposition of data from “ping” (data acquisition) to “public”’ (e.g., updates to nautical charts,
pipeline inspection, evaluation of areas for windmill farms).

To address these challenges, a new kind of ocean mapping training is required to educate spe-
cialists who can collect, structure, process, and analyze (both numerically and visually) large da-
tasets (Wigley et al., 2017). Specialized processing software is available for these datasets in the
form of small tools and/or large software suites. However, due to the multitude of ways in which
ocean mapping sensors are integrated, it is unrealistic to assume that these software applications
will solve the variety of challenges that are present in ocean mapping. The ability to program can
provide the ocean mapper with a more efficient mechanism to use available tools in new ways,
allowing control for every single step of data analysis (Masetti et al., 2019). Software implementa-
tion of algorithms — paired with standards-compliant data-exchange formats — may represent a
universal and portable solution for a specific task.

Since newcomers entering the ocean mapping field often have limited programming experience
and come from diverse backgrounds (Figure 1), the need arises to help them in reaching a mini-
mum level of programming skills to successfully embark on such a highly specialized career. Dur-
ing their undergraduate studies, many students often did not take more than a basic programming
class since such courses are seen as challenging not only for students to take, but for staff to de-
liver (Reades, 2020). However, the basics of the needed skills can be learned quickly by provid-
ing a basic knowledge of a programming language and the comprehension of a few core notions
like, for instance, data structures. Once students obtain these essential programming skills, they
may expand them with more advanced topics (e.g., numerical methods) on an as-needed basis.
These programming skills are useful not only in an academic setting, but as a powerful tool in
their professional career.

Although many programming courses are available, with a subset of them having a geospatial
focus like (Anbaroglu, 2021) and (Petrelli, 2021), none of them were judged to fulfill all the re-
quirements of:

o Designed for being remotely accessible and executed in a cloud solution.

e Providing the coding and geospatial notions at the necessary pace for initially being taken
asynchronously.

o Uniformly covering the necessary coding skills for preparing the student to face their subse-
quent ocean mapping courses.

The option of combining two or more existing courses was rejected due to the lack of consistency
and cohesion that such an approach would have introduced (Bowlick, Bednarz and Goldberg,
2020).
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Figure 1. Incoming students in ocean mapping come from diverse backgrounds: ocean engineering, computer
science, marine biology, earth science, efc.

Based on these considerations, the e-learning Python for Ocean Mapping (ePOM) project was
designed and implemented at the Center for Coastal and Ocean Mapping/NOAA-UNH Joint Hy-
drographic Center (CCOM/JHC) at the University of New Hampshire. This document explains the
rationale of selecting Python as the primary programming language at CCOM/JHC, illustrates the
programming courses and the platform used to offer them, and describes the improvements
based on student and instructor feedback. Finally, an evaluation of the results achieved with the
ePOM project is presented together with potential future extensions to the current courses.

2. PYTHON AS FIRST PROGRAMMING LANGUAGE

There are a lot of programming languages to choose from, each with their own strengths and
weaknesses depending on their use cases (Bogdanchikov et al., 2013). Although, in principle,
any programming language can be taught as a first language, there are good reasons for careful
evaluation/comparison before selecting one.

The change in thinking that occurs when students learn programming is their ability to view prob-
lems in an algorithmic way. When working on such a shift, the student should ideally focus on the
core concepts of programming without being overwhelmed by a language’s specific nuances.
From this point of view, Python represents a natural choice for algorithm realization. When com-
pared to other popular languages, like C++ or Java, it has less terms and elements related to the
specifics of the language. For instance, the block of statements in the body of a for-loop is limited
solely by indentation (Fangohr, 2004). This makes Python easy to learn, but also easy to read.
This latter becomes a critical feature when writing complex programs.

These considerations are confirmed by the observed trend at dozens of universities around the
world where the Python programming language is gaining a prominent role for teaching introduc-
tory programming courses to students of computer science departments (Fernandes et al., 2018).
In the search for a good programming language for data science applications, Python has clearly
emerged as a comprehensive solution (Nagpal and Gabrani, 2019). Leveraging such characteris-
tics, Python has steadily climbed the list of the most popular programming languages (Cass,
2022).

Python has powerful features that reflect the way humans think, and it approaches plain English.
It is a ‘high level’ programming language, this in contrast to low level languages that more closely
resemble machine language. Python is expressive for object-oriented programming as well as
other modern paradigms. These characteristics, coupled with the considerable number of availa-
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ble standard and third-party libraries, make it particularly simple to prototype an algorithm in Py-
thon. If needed, a fully or partial rewrite of the code may be done in a lower-level language (e.g.,
C/C++ or Java) once the prototyping stage is completed.

Python is among the programming languages with a higher level of abstraction from the comput-
er’s details. In fact, Python avoids the programmer having to deal with memory management, var-
iable declarations, etc. that are common in other programming languages. At the same time, Py-
thon is a very dynamic language: e.g., class attributes can be created on the fly (this cannot be
done in C/C++ and JAVA). Python also minimizes the number of extra keywords (e.g., security
keywords like public, private and protected) required to write syntactically correct programs. In
addition, polymorphism and operator overloading gives extra power to Python classes without the
limitations of other languages (e.g., C++’s virtual functions, JAVA’s restricted syntax for opera-
tors). Python is clearer and has greater functionality then MATLAB, another language popular for
prototyping code in academic settings (Fangohr, 2004; Ozgur et al., 2022).

Python allows the user to begin programming (i.e., the Hello World program) without several re-
quirements (e.g., importing dependencies, declaring functions or methods) that other program-
ming languages have. Code indentation also plays a significant role in writing programs that are
easily read and understood. Additionally, there are many freely available and easy-to-use Inte-
grated Development Environment (IDE) software suites available (e.g., Spyder, PyCharm) to
ease coding tasks.

The programming skills acquired in Python may be transferred to learn other programming lan-
guages (Shrestha, Barik and Parnin, 2018). Being an interpreted language, it is easy to under-
stand how code works by interacting directly with the Python command-line interpreter. The built-
in help module contributes to facilitate the understanding of specific functions and classes.

There are also a few limitations in using Python that should be mentioned. The execution time of
an algorithm written in Python is usually slower than in a compiled language like C or Fortran
(Bassi, 2007). There are tools (e.g., Numba, Cython) that may significantly reduce the execution
time by compiling the critical section of the Python code into efficient machine code, comparable
in performance to a traditional compiled language (Behnel et al., 2011; Lam et al., 2015). Another
major drawback is related to the number of numerical and statistical functions available in Python
when compared to specialized languages (like R or MATLAB) (Bassi, 2007). However, the Python
community is constantly working to reduce this gap by improving popular packages like NumPy
and SciPy (Harris et al., 2020; Virtanen et al., 2020). The two mentioned limitations and others
(e.g., low usage in mobile applications, high memory consumption) will be reduced over time, due
to the continuous efforts to improve the language in itself and extend the community-developed
packages (Nagpal and Gabrani, 2019; Stancin and Jovi¢, 2019).

As may be summarized from the above, Python represents a simple, compact, and popular lan-
guage, which makes it particularly attractive for education in general. There are then additional
motivations that make Python the natural choice when it comes to providing programming skills to
ocean mapping students and professionals alike. Python is quite popular for academic work in
ocean mapping, and it is publicly available at no cost to ocean mapping agencies around the
world. At the same time, Python is a popular solution among embedded scripting languages for
GIS (Geographic Information System) applications (e.g., both QGIS and ESRI ArcMap support
Python scripting), with a large community of experts welcoming new users.

Furthermore, the NOAA Office of Coast Survey (OCS) has made Pydro publicly available (Riley
et al., 2001). Pydro is a Python distribution and a suite of several libraries and applications devel-
oped to support effective OCS hydrographic workflows. Although primarily driven by OCS specifi-
cations and requirements, the Python-based tools in Pydro can easily be extended/adapted to
general good practices in the ocean mapping field (Masetti et al., 2022).
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3. DESIGN AND IMPLEMENTATION OF THE PROGRAMMING TRAINING

In 2018, CCOM/JHC decided to include Python-based programming courses into the ocean map-
ping curriculum. This decision triggered the creation of the e-learning Python for Ocean Mapping
(ePOM) project in January 2019 (https://www.hydroffice.org/epom). The project name is based on
the facts that:

e A large part of the training is done remotely (e-Learning).
e Python is the programming language used.

e The introduced concepts, listed in Table 1 and Table 2, are tailored to ocean mapping stu-
dents, offering examples and exercises with practical applications in the ocean mapping
field.

3.1 Teaching goals

From the beginning, the target has not been to put together a full course on how to program in
Python. Instead, the teaching goals have been to familiarize ocean mapping students and profes-
sionals with key programming concepts (see Table 1 and Table 2) and, at the same time, to teach
them programming habits and skills that can be easily translated to other programming languages
(i.e., learning transfer).

Given the popularity of Python, there is an abundant amount of information about the language
available online. This can be overwhelming. The ePOM project aims to help navigate through the
vast number of online resources. Last, but not least, ePOM aims to familiarize users with the pop-
ular open-source Python scientific stack and the NOAA OCS’ Pydro distribution.

3.2 Adopted technologies

The project was developed using Jupyter notebooks. This allows for the creation of computational
documents i.e., documents are textbook like, but contain live code and visualizations (Figure 2).

To facilitate the learning, key concepts in the notebooks are visually marked (Figure 3, pane A).
Similarly, the notebooks clearly identify supplementary information that may be skipped at a first
reading (Figure 3, pane B). Finally, many notebooks contain one or more exercises, with solutions
accessible by clicking on the related button (Figure 3, pane C).

Blended learning has generated an increasing interest in educational research. This interest was
strongly increased due to the COVID-19 pandemic (Tadlaoui and Chekou, 2021). As such, the
courses have been tailored to be fully attended remotely and asynchronously (Zinovieva et al.,
2021). The platform selected to provide students with access to the Jupyter notebooks is Jupyter-
Hub, a Python environment that runs on a multi-user server. With JupyterHub, all the students get
an identical computing environment. JupyterHub has a significant user community and has been
adopted for teaching by several universities (Elhayany et al., 2022).

3.3 Notebooks for learning programming
Two main sets of notebooks are provided:

o Programming Basics with Python, with a focus on basic programming concepts with ocean
mapping applications; and

e Introduction to Ocean Data Science, providing elements of object-oriented programming,
data visualization, scientific computing, and geospatial data formats.

During the summer of 2019, both sets of notebooks went through an incubation phase and
received feedback and comments from several volunteer beta testers.
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Other characteristics of a list are:

« Each element have a specific position (that is, a list is ordered).
« Each element can be modified (that is, a list is changeable).
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When in command mode, double click or press Enter to edit a given cell (like this Markdown cell).
When in edit mode:

= To switch back to command mode, press Esc to stop the editing.

= To execute the cell, click the » Run button in the Toolbar or press Shift+Enter .
To modify the code to follow the PEPS coding style, click on the 4 button in the Toolbar.
To save a modified notebooks, click the [ button in the Toolbar.

To reset the notebook results, click Kernel/Restart and Clear Output inthe Menu bar.

of notebooks.

active cell. If you want to learn more about the notebook interface, this page is a good starting point.
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The above list contains just the minimal set of what a notebook can do, but it is enough for starting to work with this collection

The Menu bar and the Toolbar give you access to several other actions: e.g., add/delete a cell, change the type of an
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week_days_list = ['Monday', 'Tuesday', 'Wednesday', 'Thursday', 'Friday', 'Saturday', 'Sunday']
print(week_days_list)

In[ ]:

In[ ]:

Control Panel

Memory: 352 MB

Create and display a list named week_days_list with the name of all the days in a week (starting from 'Monday" ).

| Python3 O

Figure 2. Examples of notebook’s feature: key concepts (pane A), supplementary information (pane B), and coding
exercises with accessible solutions (pane C). The adoptions of specific icons for these features have the intent to facili-

tate the learning process as well as the later review of critical elements in each notebook.

A key feature of this solution is that there is no need to install Python (and other third-party librari-
es) on the student’s computer. The students will only need a modern browser and an Internet
connection. Once logged in, the landing page provides a list of notebooks with a brief description
of the teaching objectives (Figure 2). The student then can click on the notebook of choice.
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ePOM

e-learning Python
for Ocean Mapping List of Notebooks

Username: Notebook Name Topics

Password:

Python: pros and cons. Notebook interaction. print ()

es Variables. int, float, str. type() .Operators and type casting.

::ﬂ <
Welcome on Board! ‘@\

If you are reading this notebook, you are likely to be a student at the Center for Coastal and Ocean Mapping / NOAA-UNH
Joint Hydrographic Center (CCOM/AJHC). Welcome!

- As a student, you will have assignments for the courses that you will be taking. These assignments can come in the form of
u For issues or suggestions related to th practical laboratory exercises, presentations, essays, and many other forms. A large number of exercises have a significant
‘coding' component, meaning that you are expected to write some short computer programs (code) to achieve certain ocean-
mapping related tasks.

We do not assume that you are familiar with computer programming, and we have therefore created this short training on
programming basics. Through a set of notebooks, we will provide you with the basic coding knowledge required for the

of your first The use Python, the preferred programming language at
CCOMUHC. This document is an example of a Python notebook and is the first of the series in Programming Basics with
Python for Ocean Mapping.

The overall task s to lead you through some basic concepts of programming using the Python language, with a focus on their
application to the Ocean Mapping field

Figure 3. Example of student experience through the CCOM/JHC’s JupyterHub server. Once logged (left pane),
the student is presented with a list of notebooks (middle pane) from which to access specific topics (right pane). The
notebooks are interconnected so that topics already treated in the past can be easily accessed for review.

3.3.1 Programming Basics with Python

As with human languages, programming fluency can only be developed actively, not passively.
Based on this consideration, the course starts with basic concepts, such as “variable” and “type”,
then the notebooks methodically advance the student to the point of writing a class to read and
manipulate files with geospatial data.

The course has 2 phases:

e The first phase that is asynchronous providing online learning through a remotely hosted
collection of Jupyter notebooks (Table 7).

e The second phase consists of an in-person meeting (during the student orientation week).
This meeting is devoted to answer students’ questions, to evaluate their understanding of
the main concepts, and to stimulate collaboration among students.

The first phase primer offers a basic introduction to coding via Python with a focus on ocean map-
ping applications. It includes concrete examples and exercises to illustrate Python’s usage and
capabilities, culminating with a final notebook that connects several concepts from the past note-
books (see Table 1).

3.3.2 Introduction to Ocean Data Science

The course is intended to act as a connector to the ocean mapping classes offered to graduate
students at CCOM/JHC. It consists of two modules that are part of the Applied Tools for Ocean
Mapping class:

o The first module is taught during the first 2 weeks of the course. It has a focus on data anal-
ysis and visualization using popular Python libraries (Table 2).

e The second module introduces the student to popular tools (like git) and approaches on
how to develop research code. The module is taught at the end of the Fall Term as it allows
the students time to develop their coding skills allowing more complex skills to be taught.
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Table 1. The “Programming Basics with Python” notebooks with related topics.

Notebook Name Topics
Welcome on Board Python: pros and cons. Notebook interaction. print()
Variable and Types Variables. int, float, str. type(). Operators and type casting.
Lists of Variables List. dir(). len(). Methods.
Conditional Execution bool. #. if, elif, and else. len(). and, or, not.
Loops for loop. while loop. List pop().
Write Your Own Functions def. Parameters. return. None.
Read and Write Text Files o0s module. raise. open()
Dictionaries and Metadata dict, OrderedDict. Metadata.
A Class as a Data Container class and __init__().
Summing-Up Review. str.split(). range().

Table 2. The “Introduction to Ocean Data Science” notebooks with related topics.

Section Notebook Name Topics
Object-Oriented First Steps of a Class class, _init , self, str , class attributes
Data Intro to Matplotlib matplotlib.plot(), cartopy
Visualization Adding a Plotting Method how to add a plot() method
Intro to NumPy numpy.ndarray, Matplotlib support, indexing, slicing
Csc,)?;e;l}itfiir?g Adopting NumPy in Class Methods numpy integration in a class
NumPy Array Operations view vs. copy, reshaping, split, concatenate, dot product

Data Formats Intro to GDAL raster and vector data formats

Supplementary The Zen of Python guiding principles for Python's design

3.4. Beta Testing and First Cycle

Before adopting the notebooks in actual teaching, a group of 10 volunteers (both students and
researchers at the CCOM/JHC) acted as beta testers in the spring 2019, with coding skills span-
ning from beginner level to proficient level. They were asked to provide granular feedback on the
quick start guide and the notebooks, but also a general evaluation of the entire course. Specifical-
ly, questions were asked about the general evaluation of the whole notebook, the relevance of
each notebook section, the estimated time of completion for a student with no programming back-
ground, and suggested changes. Several adjustments (e.g., reductions of verbose explanation,
additions of more exercises) have been adopted based on the testers’ feedback. More details are
available in (Masetti et al., 2020).

Following the beta testing phase, student evaluations have been collected after the first teaching
cycle that occurred at UNH during Fall Term 2019. Although there were diverse levels of pro-
gramming skills among the students (spanning from no experience to intermediate level), all of
them have provided quite positive reactions (based on the feedback collected by the instructors)
for both clarity of the content and its accessibility. The first cycle of ePOM courses — as well as
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the results of the beta testing phase — have been presented at the Canadian Hydrographic Con-
ference 2020 (Masetti et al., 2020). This presentation has triggered the interest of the ocean map-
ping community, with many persons (working for both public agencies and in the private sector)
asking to evaluate the ePOM notebooks.

4. CONCLUSION AND FUTURE WORKS

The ePOM courses aim to provide ocean mapping students with the programming and confi-
dence to optimize solutions for specific issues through coding. As such, it is critical to apply an
adequate teaching strategy like the one adopted in the ePOM project. The positive reactions col-
lected during the first few years of the ePOM project, combined with an initial increase in quality
of the work produced by enrolled students as observed by the CCOM faculty, supports the validity
of the training solution currently adopted. However, a more comprehensive evaluation of the im-
pact of the ePOM courses will only be possible after the conclusion of a few graduation cycles.

A key aspect of the project has been the decision of using a cloud solution, with Jupyter note-
books running on a pre-configured Python environment. This solution has the advantage for the
students to focus from the very first moment on learning coding rather than to struggle with setting
up a functional Python environment (and all the required packages) for the specific tasks in the
assignments. However, this may also represent a disadvantage in case that the student will later
face the need of developing Python code outside from a pre-configured environment (e.g., Pydro)
or a cloud solution (like the ePOM server). Early attempts providing the students with generic
guidance on this latter task has shown that this is not a trivial problem. Future work should focus
on creating a set of optional lectures to be activated only on an as-needed basis.

Many of the courses taught through CCOM/JHC in the latest academic years now include labs
provided to the students in the same format as used by ePOM. These courses include ESCI 872
Tools for Ocean Mapping, OE/ESCI 874 Integrated Seabed mapping Systems, OE/ESCI 771/871
Geodesy and Positioning for Ocean Mapping and, OE 875 Advanced topics in Ocean Mapping.
Further modules may be developed in the context of the growing interest for programming in re-
lated subjects such as linear algebra, artificial intelligence, data mining and autonomous survey-
ing.

The ePOM project has obtained the attention of agencies, companies, and individuals around the
world, highlighting the potential impact of such an initiative for the ocean mapping field. The de-
sign characteristics of being open source may represent a crucial factor for having the ePOM
notebooks being replicated, extended, and improved by other ocean mapping programs. To the
best of our knowledge, the ePOM project represents the first attempt for a set of comprehensive
open-source courses providing students with the required initial coding skills for anyone operating
in the ocean mapping field.

5. SUPPLEMENTARY MATERIALS

The source code — with example scripts and data samples — are publicly available at: https://
github.com/hydroffice. Future updates on the ePOM initiative can be retrieved at: https://
www.hydroffice.org/epom.
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