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Abstract—In this paper, an application in developing a
course for secondary vocational education settings in a
modular manner is discussed and a number of conclusions are
drawn from the process. The application was partly intentional
and partly the result of circumstances, as it was realized, being
a part of the redesign process of the specialties offered within
the sector of Informatics of Vocational Lyceums (upper-
secondary education), the schools that offer initial vocational
education in Greece. Using modular design is applicable to
secondary vocational education courses. It allows for
adaptability, reusability and a variety of approaches within a
competence-based syllabus. It is also suggested that more
courses could benefit from a modular structure, definitely
including other advanced laboratorial courses, but possibly
even introductory ones.

Index Terms—Curricula, Modular Syllabus, Vocational
Education.

I. INTRODUCTION

Modular curricula and syllabi have been proposed as a
solution for the demand/offer deficit of higher education and
training and a way to alleviate the pressures put on academic
staff, through increased teaching loads, while they also need
to develop and strengthen their research profile for more
than a decade now [1]. They are also tightly connected with
the competence-based curricula paradigm [2]-[4] and credit
introduction [5] in both tertiary education and training.

At the same time, some applications of modularization
have been taking place in secondary education settings, with
most notable example the modularization of subject criteria
for the General Certificate of Secondary Education
examinations in England [6]. Since September 2009, almost
all specifications are modular in structure, with
Mathematics, English and Science paving the way. While
this instance is mainly focused in modular specifications,
exams and certification, others are more focused on
organizing content with reference to high and even middle-
school [7].

Modular design has been related with distance [8], [9] and
blended learning [10] lessons, with Open curricula [11] and
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in connection with reusability [12]. Still, modular design is
not without its pitfalls and requires attention in application
[1], [4], especially when applied indiscriminately [6]: it
seems that, in language lessons, results are not guaranteed,
although application in such lessons is quite frequent and
not at all new, while in math and science the results seem
more assured. The attempt to ensure effective learning,
from modular courses, go back at least 30 years ago [2],
[13], and are yet to conclude [12], [14].

In this paper, an application in developing a course for
secondary vocational education settings in a modular
manner is discussed and a number of conclusions are drawn
from the process. The application was partly intentional and
partly the result of circumstances, as it was realized, being a
part of the redesign process of the specialties offered within
the sector of Informatics of Vocational Lyceums (upper-
secondary education), the schools that offer initial
vocational education in Greece.

Il. AMODULAR SYLLABUS

A. The Context

According to the Study Guide of Vocational Lyceum
[15], the initial vocational education in Greece is delivered
in three years, with:

e the first one being introductory;

e the second one, introducing sector-specific courses
and material common to all specialties, offered
within the relevant sector;

e the final year, introducing further specialization,
depending on the specialty.

The sectors include various technical and vocational
groupings, as for example mechanical engineering, nautical,
informatics, agricultural, economy and administration,
paramedical etc. In the case of Informatics sector, there are
two specialties offered since 2017: ‘Information
Applications Technician’ and ‘Personal Computers and
Networks Technician’.

Studying in Vocational Lyceum allows for entering
tertiary education in specialty relevant fields of study, via
nationwide exams in four courses. Two of them, Language
and Mathematics, are common for all graduates and two of
them are technical and/or vocational, specified by the
specialty. In the case of Informatics sector, these two
technical courses are common for the two specialties, titled
Programming and Networks.

At the same time, the Vocational Lyceum offers
vocational qualification for each specialty and measures
were taken to be relevant to the labour-market’s needs. In a
preliminary study, initially conducted by one of the authors,
then a Consultant at the (Greek) national Institute of
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Educational Policy, there were evidence of constant demand
for both experts and experienced users in the fields of:

o relational databases,

e web applications and

e mobile applications,

among other things. For reasons related to the division of
the curriculum to syllabi some material on web applications
found itself in the material of our lesson of interest on
mobile applications.

The course in question, titled Special Issues in Computer
Programming [16], is now taught in the third grade of
Vocational Lyceums in Greece. Originally, it was conceived
as two separate courses, titled:

e  Special Issues in Computer Programming for the
Web and

e Special
Mobiles,

The courses corresponded to two separate specialties
within the Informatics Sector. The two courses eventually
converged into a single one, when, in designing their syllabi,
it was realized that their common stem was proven to cover
most of their teaching hours. The two specialties also
gradually lost their distinctiveness as time passed, becoming
one as of 2017.

In the weekly teaching schedule of this specialty
nowadays, four (4) teaching hours are allocated to Special
Issues, all of them in the computer laboratory. Originally,
the concept was of one hour of lecture and three hours of
laboratory time, but most of the material, supposed to be
included in the lectures, could also be handled in a more
connectivistic, socially embedded, group learning approach.
Allocating all four teaching hours to a laboratory keeps
options open. After all, if computer engineering students,
throughout their education, should encounter different
approaches to design so that they become familiar with the
strengths and weaknesses of these approaches [17], the same
should apply to some extent to technical professionals.

The choice of keeping the whole course in a laboratory
has a few drawbacks:

e Not all laboratories are recent procurements and
thus some are not capable of accommodating
modern computing environments. This is one
reason for the existence of Module 2B (see
subsection D Part 2: Apps Development for
Android).

e There is also the fact of the variety of backgrounds
of the secondary education teachers of Informatics
that might play a role in the applicability of the
original design, as well as the initial level of
laboratory readiness among the students.

Therefore, the two modules of the second part have both a
short and an extensive version to be used alternatively,
depending on the teacher/class/laboratory combined
conditions.

Issues in Computer Programming for

B. The Content
As a result of the previous process, the syllabus presented
is about an introduction to:
e object-oriented programming, on one hand,
presented via the Java programming language, and
e the development of integrated applications, on the
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other, using the Android platform applications as
an example.

Java is a programming language that can support the
development of any application, on any platform, from
personal computers and Android phones to digital
television, either stand-alone or web-based. The short
development time of an application, especially from
inexperienced developers, is among the merits of the
language. Taking advantage of this Java feature and the
available programming environment, the students at the end
of the course should be able to design and implement
integrated small-scale applications, with an object-oriented
philosophy.

The vocational aspect of the specialty is what the syllabus
of the course best serves, developing skills and competences
in both areas. Since the technological aspect of both web
and mobile applications is somewhat on the forefront of
technological evolution, right from the first draft of the
syllabus it was obvious that even the most cutting edge
choices of technology might turn out to be obsolete, in a
relatively short amount of time. Thus, we were confronted
with the need for a modular structure that would allow for
both adaptation, through partial replacement, and reusability
for the rest of the material.

The syllabus is structured into two parts, with each part
consisting of two modules of several chapters. Specifically:

e the first part on object-oriented programming (see
next subsection) consists of eight (8) relatively
hefty chapters, while

e the second part on developing Android applications
(apps) consists of 20 shorter chapters (see
subsection D Part 2: Apps Development for
Android).

The difference of sizes between chapters of the first part
and chapters of the second will be justified, once the
difference in approach between the two parts is made
obvious.

C. Part 1: Object-Oriented Programming

The tools used in Part 1 of the course are essentially two:
e The GreenFoot programming environment and
e Eclipse.

Initially, advantage is taken of the educational benefits of
GreenFoot (chapters 1-3), for a first introduction to object-
oriented language features and event-oriented programming.
The presentation of algorithmic selection and iteration
structures is brief, as it is a teaching prerequisite in a
previous introductory course, either in pseudo-language or
in another programming language (Python). This is module
1A and represents a basic introduction to Java.

It is suggested that the main programming environment of
the course should be Eclipse, which has all the application
development tools integrated, e.g., Javadoc, Ant, JUnit.
However, if it is considered too demanding for a particular
computer lab, we can use a very light source code editor
such as Notepad++, although compiling and running
applications in this case should be done from the command
line, which is not particularly attractive to students. The
teacher can use any Java programming environment that
allows him/her to achieve the curriculum objectives. It is
also suggested to use the ACM Java Task Force (JTF)
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library, which will initially help us to avoid the difficulties
encountered, when programming input/output functions.
Using this library will help us conceal many insignificant
details of the language, which in the first lessons may be
quite difficult for students. This is module 1B and represents
an in-depth familiarization with Java, as a language for
developing applications and object oriented, event driven
programming.

It should be noted that the general purpose is to get
students familiar with the philosophy of developing an
integrated Java application, rather than learning the details
of a package or programming environment that may be
outdated tomorrow. So, as they develop their application, it
is a good practice to search the web for the best solutions to
problems they encounter, through community sites, such as
stackoverflow.com, and to be able to use the documentation
of Java libraries to quickly and easily find whatever they are
looking for.

It is suggested that the projects be prepared by groups of
3-4 students. The role of the teacher is crucial here. It should
guide students in the division of their tasks, e.g., one student
can undertake the design of the graphical interface, another
one the communication with the database, etc.

In each chapter, there should be several examples of code
that students need to perform in the lab and investigate their
results. A good practice would be to give students the
necessary code files to build the app and experiment with it.
The aim is to discover, with the guidance of the teacher, the
basic characteristics of the language. The programs
presented in each chapter could be modified or extended to
include more general cases.

D. Part 2: Apps Development for Android

The second part aims to familiarize students with the
development of integrated applications for the Android
platform. This platform is mainly concerned with mobile
devices and tablets, where its role in the market is
significant. It has also significant features as it not only
allows but also facilitates communication between
applications, utilizing parts of one another and sharing
resources. If the conditions allow the knowledge gained in
Part 1 to be used here, this would be ideal.

In any case, the teacher is advised to make use of the
discovery learning notion, both to discover the details of the
application that have been deliberately omitted and to
extend it, starting with possible suggestions from the
students. The development of a parallel application of their
choice could allow for a significant deepening of students'
knowledge through the implementation of exemplary
applications of the two parts.

Modules 2A and 2B of Part 2 form a modular assembly.
Two alternative scenarios are provided for their teaching:

e In the first one, 2A covers 12 hours of lectures and
34 hours of laboratory training, while 2B covers 1
hour of lecture and 13 hours of laboratory training.
Module 2A is about developing applications using
deployment packages such as Eclipse or Android
Studio and utilizing Java and XML. Module 2B is
about developing applications in the Applnventor
novice programming environment, which uses tile
programming and is taught in a demo format by the
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teacher.

e In the second scenario, which applies only if the
laboratory conditions do not allow the installation
of the Android platform (Android development
package such as SDK and ADT combination with
Eclipse or Android Studio), module 2A (11 hours
of lectures) is presented as a demo by the teacher
and the rest available teaching hours are devoted to
module 2B (2 hours of lectures and 47 hours of
laboratory learning).

Module 2A concerns, in its broad form, the development
of an application within a school laboratory. It thus has the
rationale of supporting material, to be used in a school
laboratory, in the presence of teachers, in the context of a
supported laboratory practice. It does not have the rationale
of standalone material for individual study or a book that
exhausts the anyway applied subject. A repetition of some
parts has the sense of a Bruner spiral, where the second
appearance is combined with greater depth (in the first one,
the demonstration; in the second one, the implementation).

Module 2B has the explicit purpose of developing a
modular application in the Applnventor tile programming
environment. It combines the development ease of this
environment with the rich capabilities of the Android
platform, to help students understand the functionality of a
complex application. This module is an integral part of Part
2, concerning Android. In its extended form, it is combined
with sections of the theory of module 2A, in order to
provide the framework for introducing the relevant
concepts.

Ideally, this module will take the minimum of the two
alternatives and will either precede 2A, to create a frame of
reference, or follow it, in order to assimilate the key
concepts into practice, depending on the capabilities of the
schools’ labs. The latter is not necessarily negative, as
almost the whole process of developing an Android
application can be presented in that context. In this case, it
will be necessary to incorporate parts of theory from module
2A into the teaching of this module. It should also point out
the parts of developing an application that the environment
automates to a large degree and those to be examined
externally by it.

It is clear that module 2A has more to offer to the training
of professionals in the labor market. The ability to easily
obtain an integrated view of the application development
process, as presented in module 2B, has also significant
educational benefits. The choice is left to the teachers and
depending on the labs available in their schools.

E. Commentary

Initially, the choice is to exploit the capabilities of
Android SDK to combine with the Eclipse environment,
which appeared in the Java programming section, using
Android Development Tools (ADT). The resources needed
to develop the Android application on the computer will be
created and fully functional applications will be created as
well.

However, it should be borne in mind that Google’s
support for ADTs in Eclipse has been discontinued and the
focus is now on the new Android Studio (AS) development
platform. The course should, therefore, be adapted to the
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new reality, when the new environment becomes
sufficiently stable and homogeneous to replace the existing
one. Fortunately, AS also uses the Android SDK, making
the transition relatively easy.

Along the way, it will be clear that Android is a
completely different case than Java, because it is not, nor
does it include, a programming language. This means that
developing applications for this will also require some
computer programming in a programming language.
Fortunately, much of the programming can be done in Java.
Another part works well with a declarative page markup
language, namely XML, whose essentials are presented
wherever needed. Alternatively, implementation can be
done entirely in the tile programming language of the
Applnventor novice programming environment, with the
restrictions that such a language imposes.

I1l. CONCLUSIONS AND DIRECTIONS FOR RESEARCH

Rapid technological advancements and subsequent
changes in educational and training needs and habits have
given a renewed rise to the demand for constant renewal and
thus modularity in curricula. Distance and blended learning
and both the demand for and, lately, the abundance of open
resources also plays a part in it. The need is well
documented [14], [18] and fuels the discussion for higher
education reform.

Using modular design is applicable to secondary
vocational education courses too. It allows for adaptability,
reusability and a variety of approaches within a competence-
based syllabus. Competence here is understood to refer to
the performance standards, associated with a profession or
membership to a licensing organization [19]. The modules
do not need to be of the same size, although our use of the
term tends towards more substantial sizes than sometimes
used in on-line education.

While modular specifications, exams and certification
were not a major consideration, some catering for modular
assessment is possible. The provision of a mid-term exam,
combined with the possibility of partial deliverables (easily
attainable while working with a project-based learning
approach), seem to serve well such a purpose. Furthermore,
projects ensure that graduates can successfully apply the
knowledge that they have gained, and if all graduates of
computer science programmes should have been involved in
at least one substantial project [20] then perhaps the same
should apply for technicians.

Some teachers have reported back to the coordinators of
the course’s syllabus that the course is somewhat demanding
but also gratifying. That seems to be the case especially
when very experienced or still in contact with the private
sector teachers decide to take up the course. A possible
educational research project could be designed to either
verify those reports or record different stances, among the
secondary education teachers involved.

It seems to the authors that the points made in this section
suggest that more courses could benefit from a modular
structure. That could definitely include other laboratories
but possibly even introductory ones. Some thought should
be given in that direction, before the next redesign of the
Informatics specialties is conducted.
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