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Abstract

One of the first challenges in the programming field, apart from ones related to the traditional teaching
methods, is the introduction of technological tools that can help improving children's learning
experience by presenting them with the most appropriate problems according to their ages. This
choice is of great importance since it allows students to develop their capacity of abstraction in a
natural way. Moreover, it also improves students' creativity and problem-solving abilities. In order to
overcome these challenges, we propose a methodology based on VARK questionnaire that defines
the students’ profile and, consequently, what are the most appropriate educational materials based on
technologies. Once the students’ profiles are defined it is suggested the use of Scratch programming
language to develop the student’s skills on the resolution of problems through the following concepts:
sequencing, repetition and conditions.

Keywords: programming; VARK questionnaire; methodology; instructional materials; programming
tools.

1 INTRODUCTION

Technology is still undergoing a rapid paced growth; over time, people are increasingly involved in
technology issues as regards various aspects of their daily lives, although subjects such as education
can be emphasised. As a matter of fact, people of almost all ages use technology in order to, directly
or indirectly, support their learning. Currently, technologies are being taught in several schools,
including primary schools [1]. In this context, digital qualification is an increasingly necessity that has
an impact both at work and in everyday life. However, the number of people involved in the use of
technology in education is still very low. As the European Union expected, 90% of the European jobs
require ICT skills [2], and 900,000 jobs in the ICT areas, or about 2 million if the STEM (Science,
Technology, Engineering and Mathematics) is included, will still be unfilled, by 2020. Even though,
less than 15% of European students have access to ICT education in school.

The acquisition of the skills required for developing computer programs is one of the first challenges
that students have to cope with when starting a degree in Computer Science or related field of study.
Therefore, the course unit Algorithms and Programming is the one that holds a higher level of
difficulty, due to the need to develop the abstraction ability, which is unknown or little practiced by
many of the students [3].

Barcelos [4] emphasizes in his study the high students’ failure and dropout rates in curriculum unit
Algorithms and Programming, based on a research conducted during the school years 2008 and 2009
(2nd half of 2008 and the 1st and 2nd half of 2009). In this study, it was assessed the students' failure
percentages, which exceed 50% in all semesters.

In order to increase the technological literacy among the society, some countries are training
elementary school teachers for teaching programming. The reason for this commitment is related to
the fact that younger children reveal a natural tendency to learn programming languages more easily
than adults, as it happens, for instance, with foreign languages. For example, Fessakis et al. [5]
present a case study on the dimensions of problem solving using computer programming for children
5-6 years old. The results of this study show that children who attended the new learning activities
developed mathematical concepts, problem solving and social skills.

The proper use of computers, in addition to traditional teaching methods, can help improve children's
learning experience by presenting them with problems in a most appropriate way, concerning their
ages. The idea is to incorporate learning into something that children perceive as something funny and
enjoyable. Thus, problems such lack of interest or misunderstanding a certain issue should be easily
overcame [6].
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Razak et al. [7] investigated how children see technology according to their perspectives concluded
that children really want a technology that is ubiquitous, wearable, interaction and self-centred. In the
same way McKenney & Voogt [8] presented an interesting study which analysed the access of 167
young children to technologies, their perceptions and use of technology inside and outside the school
environment. The results obtained point the fact that children's attitudes toward computers are
positive, and also highlight the importance of exposing children to computers at home and in
educational settings.

The US experience [9] indicates that children under the age of 7 years should be started in the
programming area in a funny and acceptable way so they can think about procedures and algorithms.

In Portugal, the Ministry of Education and Science (MES) [10], will "... launch the pilot project
"Introduction to Programming in the 1st cycle of basic education”, challenging the public schools of
Portugal to take part in it in the next school year (2015/16) with its students of 3rd and 4th years of
schooling." In this context, in the next school year, 34,000 children will be enrolled on programming
lectures in Portugal through an initiative that covers a total of 240 groups and 1805 classes. The
initiative also includes the training of 720 teachers.

The main aim of the current research is to identify and to choose the most appropriate tool for the
introduction of basic programming concepts to elementary school children. This proposal will be part
of the third component of the Profile-oriented algorithms teaching methodology (POATM) [3]. There are
two main reasons for selecting this type of approach. First, recent studies have shown that children
are able to learn while they are playing [11], either consciously or unconsciously. Second, according to
cognitive development Piaget theory [12], children are entering the concrete operational state of
cognitive development. The concrete operational state is the third of four states concerning cognitive
development and is characterized by the enhancement of logical thinking and problem-solving skills
that are both intended to be developed once this proposal is applied.

This article will be further organized as follows. In the next section, a background of the addressed
subjects is presented. The state of the art is described in section Ill. In sections IV and V it is
presented the methodology and the respective proposed tool. Finally, in the last section, conclusions
are discussed.

2 BACKGROUND

2.1 Learning programming

The definition of programming provided by Merriam-Webster dictionary (http://www.merriam-
webster.com/dictionary/programming) is "the act or job of creating computer programs ". This apparent
simplicity is contradicted by the highest dropout rates in universities programming courses, as
mentioned in Barcelos [4]. Similarly, Tan, et al. [13] showed that the high dropout rate and failure rate
in programming subjects have drawn serious attention within researchers to investigate their causes
and come out with possible solutions. The main reason of such negative results in programming
courses is because most of the undergraduates did not have any programming experience before.
When the students arrive to the university they start learning programming in a single context, before
understanding its structure and style. The same authors [13] argue that “this might lead to a negative
programming habit which may affect the flexibility of learning another programming language in
different context’ and, consequently, students “think that programming is difficult to learn and use.
Therefore, undergraduates might refuse to learn programming skills unconsciously.”

Jenkins [14] showed that “few students find learning to program easy’ and “programming is a
complicated business” because is not need a single skill, but students need to have a set of skills,
such as “problem solving ability and some idea of the mathematics underlying the process are
essential’. Programming is a new subject for many students who take programming courses. Dijkstra
[15] argues that learning is a slow and gradual process of transforming the "novel into the familiar". A
particular feature of programming is that it is "problem-solving intensive" [16] requires a considerable
amount of effort for often a very modest return.

Rahmat, et al. [17] argued that “the programming subject itself is a main reason that makes the
courses difficult because it is new to most of the students.”, and because “programming is a
hierarchical skill where students acquire a basic skill before advance level.” In this study several major
problems regarding reference materials, lectures and lab session approaches, problem solving ability,
time management and self-confidence were identified.
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2.2 Learning Styles

Throughout the past few years, several researches have been conducted as regards the students’
preference concerning the type of teaching / learning, since they have different preferable ways of
learning as well as self-abilities [18]. However, it is also worth noting that a student learning preference
may also vary throughout time, along with his maturation, and acquisition of different skills. All the
various models developed to explain the different learning styles are here grouped into four general
categories: a) personality models, b) information processing models, ¢) models of social interaction, d)
models of instructional preferences [19]. The incompatibility between the preferred learning style and
educational strategy used by each teacher leads to several consequences, as presented in [20]: (i)
inattentive students; (ii) discouragement by the course; (iii) low grades; (iv) lack of interest; (v)
hostilities and (vi) limited cooperation.

When analysing in particular the category d) — models of instructional preferences — the model which
has gained more popularity, is the Visual, Aural, Read/write, and Kinesthetic questionnaire (VARK)
[21]. VARK questionnaire (http://vark-learn.com/the-vark-questionnaire) is simple and has benn
specifically designed to, on the one hand, help students meeting their learning profile more effectively
and, on the other hand, help teachers becoming more sensitive as regards the variety of learning
strategies needed to reach all students [22]. However, this questionnaire cannot be used to draw
conclusions about the strengths or weaknesses of an individual during the learning process [23]. The
VARK questionnaire consists of sixteen multiple-choice questions with four items each, corresponding
to the four modalities V, A, R and K [21]. This tool is useful for teachers who are seeking to develop
additional teaching and learning strategies [24], which should be more appropriate to the student’s
profile.

A student who has a V-type profile prefers to learn using graphics, symbolic representations, or video
materials, or through the auditory input such as teacher's explanations or presentations. Obtaining an
A type profile often indicates that a student perceives the information better if it is auditory and verbal.
This type of students prefers discussions, explanations or lectures, i.e., a more traditional behavioural
approach (expositive classes). The student belonging to the type R profile prefer to get the input and
to produce output through reading and writing, which represents information in the form of text instead
of sound or images. Students with this profile are more favourable for self-study [25], [26]. The
kinesthetic (K) profile fancies more practical experience rather than other modes of perception. For a
K-type profile student it is worth highlighting the importance of real or simulated practice; students can
achieve better learning outcomes from practical demonstrations of teaching topics. Nevertheless, it
should be mentioned that no teacher or student is restricted to only a learning preference mode.

3 STATE OF THE ART

So far, to the best of our knowledge, there is no work that uses VARK questionnaire for profiling,
further development of materials and to choose what are the tools that should be used by students to
learn programming. Conversely, the literature discussing teaching programming in early ages is quite
extensive, as discussed below.

Krajnovi¢, et al. [9] showed the advantages of replacing procedural programming languages (Pascal,
Basic and Logo) and traditional forms of education with object oriented programming languages and to
modernize different approaches towards IT education. However, in this work students’ profiles were
not considered.

Pardamean, et al. [27] introduced the idea that Logo programming language improves students'
creativity and problem-solving skill among the best graded students. In the same way, the authors did
not considered students’ profiles in the assumptions of the programming language choice.

In [28] the authors argued that Scratch is a visual programming environment that is widely used by
young people. The results discussed in this paper showed that students could successfully learn
important concepts of computer science. However, the choice for Scratch was carried out without
taking into consideration the student’s profile.

In [29] the authors discussed an approach to teach programming that would allow elementary school
children to adopt basic problem solving concepts. This approach consists of four different phases. In
the first phase the authors conducted a verbal interview with the children to familiarize themselves with
some basic concepts. In the second phase children are introduced with the system rules. The third
phase consists of displaying the robot in simulated environment. Lastly, the fourth phase consists of
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executing the program developed in previous phase. Similarly to the previous studies, these authors
did not consider the student’s profile.

Alepis and Virvou [30] presented a mobile learning platform that targets elementary school students in
order to teach them basic programming principles, named m-AFOL. The results obtained were very
interesting: they concluded that the mobile facilities of the resulting intelligent tutoring system are
highly acceptable from young learners who enjoy using mobile devices while learning. Similarly, the
authors [31] showed that tangible programming tools enabled children to easily learn the programming
process, which was previously considered as difficult. The authors developed a tool to improve the
programming language experience by considering and utilizing characteristics of procedural language:
elements such as sequence, repetition, condition, function, and parameter. However, as mentioned
previously, the authors of both works [30] and [31] designed the platforms without considering
students' profiles.

4 PoATM: SELECT TOOLS AND DEVICES

In general thesis, we can state that it is important that teachers consider the learning styles of students
when designing and developing programming teaching materials. Although it may not be essential for
teachers to test and instruct students in all situations, testing them with the VARK instrument — simple
and fast — can provide important information that is beneficial to create an effective learning
environment. Being aware of different learning styles and considering its impact on learning
environments are the two first steps towards an essential understanding of the students’ profiles when
developing activities to teach programming.

4.1 Research methodology

The obtained results are be based on a research technique that makes use of pre and post-tests that
measure the knowledge acquired by students in a learning activity. Such tests consist on the
application of a set of questions that must be answered by students before and after a particular
activity. In particular, the pre-test allows assessing the participants’ level of knowledge on an issue
that will be approached before training. The post-test consists in applying a set of questions with the
same level of difficulty, in order to assess the evolution of the acquired skills [32].

The comparison between the pre-test and post-test notes, together with the profile obtained through
the VARK questionnaire, allows the understanding of the benefits of the activity and determining what
are the appropriate materials to enhance increasing the knowledge of the students and, consequently,
decreasing failure and dropout rates. Furthermore, it should also contribute to the identification of the
gaps present in the teaching-learning process regarding students that hold no predominant profile.

4.2 Methodology

In order to counter the problem addressed in section 2.1 we proposed a methodology [3] that should
help elementary school children acquiring basic programming concepts. As discussed previously it is
important to define the students profile in order to help designing and developing teaching materials.
This assumption was the basis for the development of the methodology that is here proposed (Fig. 1).
It consists of five different steps with a defined sequence: (A) Analysis of student profile; (B)
Construction didactic material; (C) Select tools and devices; (D) Defining evaluation methodologies
and (E) Monitoring and control.

Teachers should consider the different learning styles of students while designing the teaching
programme and throughout the development programming activities. Despite the fact that it may not
be highly essential for teachers to test and instruct students in all situations, testing them with the
VARK instrument - simple and fast - can provide important information to create an effective learning
environment. It should be once again highlighted that being aware of learning styles and considering
its impact on the learning environments are the two first steps towards an essential understanding of
the profile of the students when developing programming skills.
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Figure 1. Methodology steps.

In the component (A) the VARK questionnaire is used to analyse the profile of each one of the
students who attend programming courses in order to understand what kind of teaching materials
need to be built and made available for (B) (for instance, it is assessed if those materials should be
more descriptive or visual, etc). Based on the results and constructed materials it is necessary to carry
on their distribution to different types of devices, namely, if the model is applied to classroom teaching,
distance learning (e-learning), blended learning (b-learning), or to be used only in mobile devices
(mobile learning, m-learning) (C). For instance, the use of e-learning or m-learning demands the
production of materials appropriate for such type of devices. Some of the most important components
in the teaching-learning models are the used evaluation methodologies (D). The whole methodology
has a monitoring and control process (E) which allows the adjustment of the materials, devices used
and evaluation methodology, as long as students and teachers understand these needs.

4.3 Select tools and devices

One of the great issues when choosing a tool to teach programming is the large amount and variety of
tools, which makes it a great challenge. As there are several tools the following questions must be
answered before the selection: Where to start? and How to choose the best language / programming
environment that meets the needs of primary school students?

Due to the large number and variety of languages / programming environments it is necessary to
establish a set of characteristics: (i) Number of supported languages; (ii) What are the operating
systems that support (Windows, Mac, Linux, Other); (iii) Types of programming languages (Image or
Picture Languages, Block or Bubble Languages, Programming Languages); (iv) Difficulty level (Initial,
Intermediate, Advanced).

The features concerning the type of languages (iii) are:

1. Image or Picture Languages (loPL) — these languages teach computer science and
programming concepts through the manipulation of images.

2. Block or Bubble Languages (BoBL) — these languages use blocks and sometimes actual
code to perform tasks, for example, spinning an image or making an image by following a
specified route. These languages bridge the gap between picture languages and traditional
languages.

3. Programming Languages (PL) — these languages are what professionals think of as
programming languages. Programming languages can be learned step by step as people
learn how to perform tasks and create applications (C, C #, Java, Logo, etc.).

In Table 1 there is presented one set of 20 tools which demonstrates the stated quantity and diversity
of programming tools. It should be mentioned that, due to the target audience, it was not considered
any language of the third type (iii.3).
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Table 1. Surveyed tools

N. of Operating Types Of -
languages programming Difficulty level
Tool supported System languages
W|M|L|O]|IoPL | BoBL B I A
Gamestar Mechanic 1 X | X X
GameMaker 15 X | X | X]|X X
Scratch 50 X | X | X X X
Storytelling Alice 1 X X
Alice 1 X | X | X X
Kodu 8 X X X X
StarLogo TNG 1 X | X | X X
Pygame 1 X | X | XX X
Stencyl X | X | X|X X
Turtle Art 8 X | X | X X
kidsruby 3 X | X[ X]X X
Code Kingdoms 1 X
Tynker 1 X X X
SiMPLE 1 X X
Move the Turtle 1 X X
Hopscotch 1 X X
Daisy the Dinosaur 1 X X
Cargo-Bot 1 X X X
RoboMind 24 X | X | X X X X
NXT-G 1 X | X | X X X X X

W — Windows; M — Mac; L — Linux; O — Other
loPL — Image or Picture Languages; BoBL — Block or Bubble Languages
B — Beginner; | — Intermediate; A — Advanced

As a final remark, it was concluded that Scratch is the most appropriate tool for elementary school
Portuguese students (targeted audience of the present study). This is the outcome of an analysis
carried out with the four characteristics defined above ((i) Number of supported languages; (ii) What
are the operating systems that support; (iii) Types of programming languages; (iv) Difficulty level), and
taking into account that the target audience have no training in any foreign language (Scratch is
available in a Portuguese version, in contrast to the majority of the tools). It is interesting to note that
this result goes against what was proposed in [10].

Scratch was chosen by the MES since it is a programming language that has emerged as the most
popular for young people all around the world who are learning how to code [33]. The National
Science Foundation has supported the initial development of Scratch [34], the study of collaboration in
the Scratch online community [35], the design of resources to support educators working with Scratch
[36], and the development of a cloud-based version of Scratch [37]. This language is freely available
and has been translated into more than 50 languages, which include Portuguese language. More than
4 million projects have been shared in the Scratch website, with over 6,000 new projects shared every
day. The Scratch online community harbours more than 21 million comments and hundreds of millions
of other recorded interactions and it continues to grow rapidly (http://scratch.mit.edu/statistics/).
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As a complement to the choice of Scratch, it is verified that the MES will provide training to use this
tool efficiently. It will take place in an e-learning system during the coming months of June and July.
Schools will also have access to a monitoring system and online support (http://programacaoiceb.
dge.mec.pt) through a practical community hosted on the initiative website.

The selection of devices where the Scratch will be used in the teaching-learning process in primary
schools is also very important. Thus, as presented at Scrach Wiki “Scratch is only available as a
desktop application, meaning it runs on laptops and desktop computers. Scratch is currently not
available as a mobile device app. However, the Scratch Team is developing an app for tablets that will
run on the larger mobile devices. An HTMLS project viewer that will allow projects to run on any
devices is also in development from the Scratch community” [38]. In this context, the devices which
will run the Scratch, for the programming of teaching in primary education, will be only computers and
laptops.

5 CONCLUSIONS

To increase the technological literacy in the society, some countries are currently including
programming lessons in teaching-learning programs at all educational levels, but mainly in primary
school. The reason for this commitment regards the fact that younger children reveal a natural
tendency to learn foreign languages more easily, which should also happen with programming
languages. Such natural tendency will enhance the acquisition of skills to develop children’s
abstraction capability and improves students' creativity and problem-solving abilities.

In this context, the main goal of the current research was the proposal of a methodology based on
VARK questionnaire to define the profile of students and, consequently, what are the most appropriate
materials to teach programming according to the profile of students, when using Scratch as a
programming language.

It is still intended, as mentioned, in an ongoing research, to test the proposed methodology and allow
further development based on the results obtained from the methodology application in the next
school year in schools that belong to the MES project.
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