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Computational Thinking in Pre-University Blended
Learning Classrooms

Abstract—This article describes the implementation of vasiou

core elements of Computational Thinking (CT) in thessrooms of
schools of Latin America and USA in two specificucges: PC-01
and ECE130. These courses were designed for studeptsmary
and secondary education, as well as for studentsghf school as
part of a dual enrollment program with a local wmsity. Both
courses introduce the core concepts and procef§E aided by the
visual programming environments Scratch and Alidee courses are
facilitated by the classroom teacher with the suppéd a learning
platform. This platform is configured to provide novative
pedagogical strategies based on emerging educhtectanologies.
This article describes the concepts integrated tigeterm CT, and
discusses the benefits of learning environmentsl tiseéncorporate
CT in the classroom. It describes as well the siybalnl assessments
of both courses, and analyzes their impact of tltoesgses on the
educational institutions, the teachers and theestisd

Keywords— Computational Thinking; Cognitive Science;amaing
Technologies; Scratch; Alice; Educational Technology.

1. Introduction

After a period of transition in which the fundamaritieas

promoted by CT were studied and analyzed by th

constituencies of public and private educatioapjpears that a
consensus is being reached which can shape fuagisiahs

and policies in K-12 education (Hubwieser,
Giannakos and Mittermeir, 2014). One important egugnce
of this confluence of ideas is the definition oflR-curricula
with the integration of the core ideas of CT, ofitmhnich the

particular classroom paradigms will be developadaddition,
it is universally agreed that programming, in igsigus forms,
is a necessary mechanism for the implementatio@Totore
concepts and best practices. Programming proviteghree
mechanisms required by a language in the creafionraplex
systems: a set of primitives; some means of contibimaand
abstraction. Unlike natural languages, which byiglesare
semi-structured and provide limited ability of nilekel

abstraction, programming languages have been dsabitm
realize the core ideas of CT. A mind equipped wiitie

mechanisms of object oriented programming language
prepared to house the principles of CT and is pezbdo

develop CT ideas.

Armoni

The need for the formal study of computational egts in
primary and secondary schools has been recognizedalny
institutions and administrations. For example, BEndl
formally incorporated in 2014 the study of CT armnputer
programming in the curriculum of primary and secanyd
education (Department for Education England, 2013).

The organization Code.org (Code.org, 2012; Kaghlip
2014) promotes the idea that all students shoulek Hhe
opportunity to learn programming. This initiativeash the
support of public figures from Microsoft, Faceboakd the
world of technology in general. Other initiativesich as the
European Project TACCLE 3 — Coding, provide resesinn
students and teachers in primary and secondaryagdncin
the area of computing (Garcia-Pefialvo, 2016; G&ef#alvo,
Reimann, Tuul, Rees, & Jormanainen, 2016).

Programming environments such as Scratch, ScratchJr

and Alice play an essential role in this processese and
other graphic programming environments were desigtoe
address specifically the developmental and learniegds of
children (ages 5-7) and youth adults (ages 8-1n(fery,
Silverman, Kazakoff, Bers, Bonta & Resnick, 201&sRick,
Maloney, Monroy-Hernandez, Rusk, Eastmond, Bren&an
é(afai, 2009; Saez Lépez, Gonzéalez & Cano, 2016).

Alice (Alice, 2017) is a graphical programming
environment integrated within a three dimensionafld: It is
an object oriented programming environment wheme, i

' addition to programming with graphic interlockintptks, the

programmer has immediate access to the Java catlddls
been created behind the scenes. Because Alice halasthe
user the syntactical complexity of Java, and bexatss

integrated within a 3D environment, it provides ggu
students with an ideal environment to learn thed&mental
programming concepts in the motivating context fating
movies and video games (Zhang, Liu, Ordénez dedBa&l
She, 2014). These movies and games create a peldigfcrm

where students express their interest and credtieas
(Denner, Werner & Ortiz, 2012; Zhang, Ordénez dblé%&

Zhu, 2012). They also offer a rich object orienteatld where
human cognitive primitives (objects with properties
behaviors, and interfaces with other objects) ogress core

s concepts of CT and object oriented programming.



1.1. Computational Thinking

The history of CT, as it is the case in many dewelents
in Science, reflects the convergence of multipleail often
from different areas of study (Cognitive Sciendanguistics,
Psychology, and Computer Science). After being lbges in
isolation, these ideas found a synergetic effeamadipplied to
the area of education, and in particular the pregevolving
generative languages for the creation of novel odgthand
complex systems.

Some of the pioneer thinkers in this field inclueapert,
Wing and Wolfram. One of the earliest referenceio is
contained in (Papert, 1996), where Papert desctiesalue
of applying human cognitive primitives to objectiemted
problems by noticing the relationships between
components of a complex system. Other similar egfegs can
be found in (Vee, 2013; Wolfram, 2016), in whictert are
direct references to the fundamental ideas of digida
complex task into a set of simpler tasks.

We can find some specific descriptions regardiregdbre
elements of CT in the work that the InternationatiSty for
Technology in Education (ISTE) and the ComputereSce
Teachers Association (CSTA). These institutiondatmrated
with industry and K-12 education, and developedistao
address the needs of the educators that will eaéintu
integrate this discipline in the classrooms (MamniDagiene,
Demo, Grgurina, Mirolo, Rolandsson & Settle, 2084kora,
2014).

The field of CT is still in its infancy; even the overall
goals and core principles are defined, two impadrt@asks
should be the object of research in the near fufline first is
to discover the uncharted world of cognitive preessthat the

the

1.2. Blended Learning

Virtual Learning Environments (VLES) offer benefits
teachers and students. Teachers encourage coliainogand
communication among students, and customize and
differentiate progress in the classroom. Studesdsnl to work
with their peers on projects, and develop collathegaskills
and problem solving strategies

However, VLEs also require economic investments,
technical support, and additional training for teas
(Paddick, 2014). These requirements have creatathaven
growth of VLEs in educational systems (Johanne2@h3).

The educational environment, however, is beginning
change because of several developments:

e public and private schools are recognizing the
educational value of this new type of learning;

e there is an evolution towards VLEs and e-learning
(Gros and Garcia-Pefialvo, 2016) that are easigsdo
and are better adapted to the needs of students;

« the MOOC (Massive Open Online Courses)
phenomenon (Breslow, Pritchard, DeBoer, Stump, Ho
& Seaton, 2013; Vila, Andrés & Guerrero, 2014) and
its variations (COOC, NOOC, SPOC) have changed
the way we use technology in distance and blended
education (Benfield, Roberts & Francis 2006; Bruff,
Fisher, McEwen & Smith, 2013).

The two courses described in this paper are designe

around Moodle (https://moodle.org/) and the featutfeat it

provides as a VLE platform designed to support wative
pedagogical strategies.

The methodology of the course is based on a learne
centered paradigm. This implies that the taskshefdtudent

human mind can sustain, provided the required tooldnclude: a) studying a series of short video less taking

Cognitive science has dramatically transformedntioelel for
which the educational system of the past was dedigive
know now, better than before, what the limits o thind are
(Pinker, 1995; Pinker, 1999; Kahneman, 2003; Kalarem
2011). The task ahead is to discover the human atatipnal
resources, the cognitive primitives of the mind,order to
mine their power. The second task is to developetao$
experiences that will allow students to develop s¢he
primitives, engage in these cognitive processed, @onduce
rich and innovative portfolios. The educationalteys, K-12
and beyond, is based on a curriculum charactebyetie use
of descriptive languages and the study of Type-8bjams

interactive quizzes, c¢) assessing and being askébssugh
testing and Peer-to-Peer projects (P2P) and dicjpeating in
online forums with classmates and teachers (Glaraesey &
Riley, 2013).

These courses emphasize the experience of student
learning. The core concepts and processes of CTle@eo
Board, 2016) that have been developed in the twses are
evaluated through Test and P2P activities.

The design of the courses presented in this papleased
on a blended structure. One objective is to bergadin the
gualities of the local teacher in the classroonefdenowledge
of the students, their learning styles and prefezsnthe ideal
class dynamic, etc.). A second objective is to biefrem the

(Olabe, Basogain, Olabe, Maiz & Castafio, 2014). Th@gpyices provided by the VLE (design and delivery o

curriculum of the future will likely be designedrfthe use of
generative languages (object-oriented languages) e
study of Type-B problems.

In England, there are some initial steps for thegration
of CT in the classroom (Department for Educatiorgl&nd,
2013). In the United States, the main path for yirersity
students to participate in CT activities and cwitien is the

curriculum with multimedia, individual monitoringf ahe
progress of each student, assessment and P2P tersua
portfolio management, etc.) (Barbour, Brown, Watéteey,
Hunt, Kennedy & Trimm, 2011; Grover, Pea & Cooper,
2015).

Advanced Placement Computer Science courses (Bgrkel 2. PC-01 Course

2017; Harvard, 2017).

2.1. Content



Our research team has focused its teaching androése Figure 1 includes two examples of multiple choice
activities of the last decade in the area of tetdmoand e- questions presented to students during self-asse$smd test
learning education. The team was able to analyggerément ~ sessions. They include a text-based conceptuatiqnesnd a
with, and implement systematic studies of courdéered in  graphical script-programming question.

these platforms (Olabe, Basogain & Olabe, 2016). P
One of these courses is ‘PC-01: Introduction to =™
Computational Thinking' and it was designed to wallo
immediate implementation in the school and simmleeas to
contents and tools. Its objective was the introductto
concepts and processes in CT.
The course is organized into 10 sessions, eadhdaisto
hours. The sessions were named according to théidarof o
Scratch blocks being studied: Movement, Event, @dnétc.
The VLE selected was Moodle, and the programming -
environment Scratch.

mover €T pasos
2.2. Assessments oy —ren
]
The course PC-01 is based on a continuous studel e
assessment with feedback, the creation of a stystatfiolio Obs
of projects, and the mastery core concepts. ltutes ten ®cc
tests, based on multiple-choice questions of cascephe o
students are also required to analyze programnarigts and ) , , , )
programming structures. Fig. 1. Text-based and graphical Scratch script programming questions.

The construction of the student’s portfolio is iemplented
with the cumulative collection of projects creaiasl part of
the P2P assignments. These projects document ftliteab

P2P project.

El bloque 'esperar tiene como funcion

Seleccione una:

O a. Ejecutar un nimero especificado de veces los bloques que estan dentro
O b. Ejecutar de forma permanente los bloques que estan dentro

O c. Nada

O d. Esperar un nimero especificado de segundos, y luego continiia con el préximo bloque

La figura muestra el programa de un objeto. ¢ Cuantos segundos tarda en dibujar un triangulo cuando se presiona la
tecla'b' del teclado?

Figure 2 illustrates a solution implemented by shid in a
The figure shows the use of multipscr
programming to allow the user to control the velpand

acquired by the student, including programming @@m@s  appearance of a spacecraft by using variables. pbject
and the corresponding core ideas of CT. Table t5 lise  stydies the powerful paradigm of decomposition abeplex
collection of ten P2P projects implemented in tharse PC-  task into simpler goals, each implemented with atam

oL script.
Table 1. PC-01: List of P2P Projects
Project CT Core Ideas
P2P 1 Design of a project to draw three Sequence of instructions
triangles on the stage. and repetition control.
P2P 2 Design of a project where the Use of costumesand text
protagonist narrates a short personal story. messages.
P2P 3 Design of a project with 4 protagonists  Use of multiple sprites,
playing different sounds. play sound procedures.
P2P 4 Design of a project where the Controlling the pen
protagonist draws on the stage images of resource of the sprite
creative art with lines and curves of multiple including the color and
colors. position.
P2P 5 Design of a project to allow the user to  Use of Events and Event =a
draw on the stage with a pen of multiple handlers with simple
colors. control loops. Fig. 2. Solution of P2P 9, multi-script and decomposition.
P2P 6 Design of a project to implement a  Control structures and
clock with a moving hand associated with  introduction to multi- Students participating in the course PC-01 sucuolgsf
multiple sound and graphic effects. script programming. achieved the academic goals set in the projecaddition,
P2P 7 Design of a project with sprites ball, Sensors that report students expressed a sentiment of satisfaction Hmjr t
beetle, crab and beach ball interacting with  information on the participation in activities they considered motimgt and

each other using sensors of the environment. environment.
P2P 8 Design of a project where a penguin  Use of numerical and text

exhibits mathematical talents. operators, concatenation.
P2P 9 Design of a project to control the speed  Simple data manipulation 2016)'
and color of a spacecraft by using variables. (setting and changing
variable content). 3. Course ECE130

P2P 10 Design of a project for the creation of  Custom blocks to abstract

new, user-defined programming blocks. The the functionality of scripts 3.1. Content

new blocks will allow the complex drawing of and make programming a
geometric patterns with variable parameters. modular task.

where they could express their different creatiméenests
(Basogain, Olabe, Olabe, Ramirez, Del Rosario &cfaar



In addition to the PC-01 course (and other relamases,
which are designed for students 10-15 years old}eam also
focused in the needs and challenges of the inttamuof CT A second skill developed by the P2P assessments
in the classroom of pre-university age students. transforms the traditional passive role of the studin which

For this project, we benefited from two especialhis or her work is evaluated by the teacher, imaetive role
characteristics that are preeminently presenteretifiucational in which the student is given the privilege and the

reading, interpreting, and evaluating the qualifyvaitten
code.

system of the United States. One is the abilitytofients in
high school to earn college credit while in highhaal by
taking Advance Placement courses (College BoardlyR0r
by enrolling in dual-enrollment courses that oféeedit both
in the high school at the University-level. The @at is the
increasing demand for computer literacy coursesliired in

universities as part of the GER’'s (General Educatio
Requirements) of all students.
Christian Brothers University (CBU, 2017)

participated for many years with several high s¢hao dual-
enrollment programs. In 2009 the courseCE130
(Introduction to Computational Thinking and Prograimg)
was designed to introduce junior and senior stidéntigh
school to the fundamental ideas of CT while stugyime core
foundations of programming.

The course was designed as an introduction to Dbje®2p 3 pesign of a project using user-defined

oriented programming using graphics and the creatifo3D
movies, games and interactive applications. Alies selected
as the programming environment given the specialufes
that it offered to the novice programmer. Alicenghates all
syntactical errors by using a menu driven interfaod it is
integrated into a 3D world that allows studentsagsimilate
object-oriented principles by association with etamlues,
procedures, and functions of real life objects.

The course is structured
includes a set of core ideas and principles thatilarstrated
via simple 3D projects that increase in complexity.

3.2. Assessments

After an initial mastery phase, the student needls tincludingoneand two dimensionalarrays of

complete open-ended projects in which the new idmas
integrated. These projects always take the forra ofovie, a
game or an interactive application. A comprehensiN®ic is
provided as a guide for the student. This rubritt thien be
used in the peer assessment of other students! work

The weekly assessment is implemented with threaraép
tools: self-assessment, test, and P2P assessniamtsdlf-

assessment is a tool that allows students to rev@&W eyent handlers.

comprehensive checklist of core ideas, new vocapuknd
formal programming rules that need to be masterefbre
proceeding further. The tests are independent srpeeds that
document the progress of students and certify theegement
required for a successful completion of the course.

The P2P assessments address several studentirskhis
process of acquiring the status of a Computatidrrahker.
One developed quality is the ability to read cddeinterpret
knowledge represented in the form of programminde¢c@and
to assess its complexity and quality. By assesiagvork of

others, and comparing the assessments with theicrub

assessments, the student develops expertise irskiieof

responsibility of evaluating the work of others.ighmportant
responsibility conveys the implicit message thaicading the
student means making the student an expert: antekipd can
create quality work, and an expert that can apptecand
evaluate the work of others. Table 2 includes tadishe ten
P2P projects of the course ECE130.

Table 2. ECE130: List of P2P Projects.

has Project

CT Core Ideas

into twelve units. Eaclit un

P2P 1 Design of a project with 4 Scenes and 2
Sub-scenes. Leader object defines action to
be implemented.

Top-down design and
bottom up
implementation.
Decomposition.

Objects contain behaviors
that can be expanded with
new Class Methods.
Objects can determine
useful information from
the environment through
the use of user-defined
functions.

Class methods and
functions provide
adaptive behavior through
the use of parameters.
Control structures add
versatility to the code of
individual objects and
collections of objects.
Complex topologies of
nested control structures
add functionalities to
languages.

Data Structures allow the
manipulation of families
of objects efficiently and
dynamically.

The use of Random
functions allows the
resolution of problems
through trial and error
strategies.

Events and event handlers
allow the implementation
of dynamic systems.
Complex dynamic
systems, using arrays of
objects and interfacing
with the external world
can be implemented in
modular form.

P2P 2 Design of a project using Class level
Methods. Use of Markers to identify physical
locations.

functions. Functions will obtain information
directly form the environment and pass it to
the main program.

P2P 4 Design of a project with Class Methods

and Functions that use Parameters.

P2P 5 Design of a project with the use of
control structures for individual and collective
segments of code.

P2P 6 Design of a project with nested groups
of control structures for individual objects
and collections of objects.

P2P 7 Design of a project with data structures

objects.

P2P 8 Design of project using Random
strategies for the control of arrays.

P2P 9 Design of an interactive project by
interfacing with objects through events and

P2P 10 Design of a comprehensive project
including all the core elements of the course.

Some of the features of the Alice programming

environment are illustrated in Figure 3. This eomment
includes separate areas to edit the scene androigeam. It

ralso includes separate areas for the methods,idmsctand

states of each object.
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Fig. 3. Graphical Alice script programming of object arrays.

The programming environment of Alice provides stude
recently introduced to the world of programmingeéested set
of tools that, given their simplicity, are easy le&arn and
manipulate, and at the same time allow the rapidopyping
of complex programs with a multiplicity of interawg objects.

4, Discussion

The integration of CT curriculum and activities the
educational system will require the transformatiansome
fundamental ways of the relationship between schawid
society, the role of the teacher in the classroamy the
students’ experience during their period of edaeati

4.1. Impact on Educational Institutions

The final structure of the courses described iretud set
of software resources that are easy to install\fLB and that
offer a comprehensive set of educational servinetheé area
of CT for primary and secondary students. The csu@e
taught in a blended format in the computer labayadmd with
the support of the school VLE platform.

The availability of Learning Analytics is fundamehtn
the process of improving the learning outcomes aof a
educational institution. These analytics providerech
feedback and information not only to students athers,
but to administrators and decision makers as well.

An example of higher level learning analytics is ttourse
overview. This tool allows ranking multiple coursdsy
activity, participation, and other criteria. Thigpe of
comparative analysis is important for medium anddasize
institutions in order to determine the efficiencl different
policies and strategies, and it would be almostassfble to
implement with traditional mechanisms.

4.2. Impact on Teachers and Teaching Loads

One of the fundamental changes in education with th
assistance of VLE environments is the creation of a
collaborative mode of education where studentsivecieir
knowledge from both the local teacher, present lie t
classroom, and the multimedia-based knowledge eddutoh
the VLE. For example, to offer CT courses in aniingon, it
is not necessary for the local classroom teachbetan expert
in the field. What is important is that the teachisr
knowledgeable in the use of the VLE. The contenttraf
course, assessments, projects, and other acadasks are
provided by what we could call the “guest teachrbugh
the VLE environment. The local teacher is the cla@®
leader, motivator, and director of activities.

The local teachers in these courses have a sesofirces
and services that facilitate the delivery and nwmg of an
introductory course in CT. These teachers have sacte
collections of video tutorials, self-tests, testisgd P2P projects
covering the scope of the course curriculum. Befaesting
the course, the teachers receive training on metbgyg and
course content.

To assist fully the local teacher, a comprehengjuile
has been created describing the structure and tapei the
main parts of the course
(http://www.ehu.eus/es/web/gmm/minerd-pc01#2). This
documentation includes a description of the togtcslied in

The course PC-01 is hosted in a virtual classroonthe course, the pedagogical resources availabld, the

EDUCANDO online (http://aula.educando.edu.do), whis
the portal under the supervision of the Department
Computer Education of the Ministry of Education thfe
Dominican Republic (MINERD).

The VLE platform serves as the central
repository of all students’ resources, activitiead projects
allowing the administrators to evaluate in a corhprsive
manner all schools associated with the project {BauGil &
Padilla Petry, 2016).

At the same time, the VLE environment provides nsean

for sharing resources among the schools, backugllatsons,
deployment of institutional badges, and other edized
services.

academ

organization of the course into modular sessianthé area of
assessment, including the individual assessmenttlandP2P
evaluation, the documentation provides guidelimesdachers

.and students on the best use of these resourcesllyFia
cf:omprehensive index includes the available ressufeigleo

tutorials, practice projects, self-test, tests, #Hrdsolutions to
the P2P projects).

Teachers also find a number of integrated analytaas
in the VLE that allow them to implement collectiand
individual student progress assessments of concapths
process in CT (Singh, 2015).

These services are made possible by features presen 4.3. Impact on Sudents

Moodle, and other environments, that automaticgéiyerate
reports on students’ activity, participation, aedrhing goals
achievements in a wide set of learning analyticsmé& of
these features are part of the standard distribwgfoMoodle
(Moodleplugins, 2017).

The students construct their own knowledge in agss
described by the pedagogical theory of construidtion This
theory, proposed by Seymour Papert (Papert, 1g9&poses
that students build their knowledge through thestrrction of



an 'artifact' that motivates them. For the consioucof an
artifact, these courses use the programming envieoits
Scratch or Alice. Each course unit
constructionist sections: Practice and P2P.

is contains two

In this platform, virtual classrooms for ten schowl the area
of Santo Domingo were created.

The second part of the project involved the delivafrthe
course in four schools. Previously, the teacherh®fschools

In the Practice section students experiment inrtheiwere trained to facilitate the course. The couras taught by

programming environment with the conceptual
developed by the teacher in the video tutorialsihia P2P

section, the students must design and build a gragesolve a

situation or a proposed problem.

One goal of these courses is to teach students
principles of a computer programming language. &titgluse
Scratch or Alice as tools that allow them to comioate and
create ideas to solve problems (Disessa, 2000).

The implementation of a Scratch or Alice projecatth
solves a problem requires the development of highgnitive
functions of the mind. These functions include gateation,
decision making, abstraction, insight, problem Bsay
planning, and execution.

The second part of the P2P tasks, the assessment
programming projects of 3-5 fellow students, acoaydo a
specific rubric, is implemented anonymously, andramotes
the development of higher cognitive functions. Tdtedents
are required to play the role of evaluators, antuin deepen
their knowledge in order to be able to evaluateattr or
Alice projects created by other students.

In addition to being exposed to other Scratch oiceil
projects, these activities open for the studentapgortunity
to learn and be inspired by new solutions for fetproblems
(Lu & Law, 2012).

The experience of the students in these hybridsesualso

costentthe teacher to his/her students in person in thgsobom with

the support of the learning platform. The duratioh the
course varied, and lasted between 6 and 10 weeksh E
classroom included 10 students, with an averagesigifit

thactive students.

The outcomes of the course were assessed using the
portfolio of each student and the number of sudaoksests.
These parameters indicate a high degree of sucCiber
course results were obtained from personal intervievith
students and teachers, and they indicate a highedegf
satisfaction on the part of the course participafgsme
testimonials: 'easy’, 'funny’, 'entertaining’,rtemore’, ‘create’)
(Basogain, Olabe, Olabe, Ramirez, Del Rosario &cfaar
2016).

The second study in the Dominican Republic inclu@éd
schools distributed across the country in the amaSanto
Domingo, Pedro de Macoris, San Juan de Maguan, San
Francisco de Macoris, and Puerto Plata. Each pmatiog
school included one or two groups of students, sttidents
of primary and secondary education (10-15 yeark old

A critical class management tool offered by the \ikEhe
ability to process and analyze the numerical ddtathe
students’ level of learning and achievement. Irtipalar, in
the course PC-01 we analyzed: 1) the number of- self
assessment and test attempts by the students; Jarde 2

allows them to become familiar with the tools andcorresponding grades obtained in those attempis.réfevant

methodologies of the VLE environment. As studeiiits ¥LE
system, they have experienced different aspedtsoform of
learning:  multimedia format content,
mechanisms, self-assessment and evaluation meoignis
progress in their knowledge and grades. The cowfes a
badge, a prize or medal to recognize accomplistenantd
provide students with a reward that acknowledgesirth
achievement in CT (Seliskar, 2014).

In the immediate future, these students will sesrtbwn
knowledge progress with tools and services of eiitutal
online platforms offering massive MOOC courses.eldhg
learning will require students the use of VLE eowmiments
similar to the environment they experienced in ¢hesurses
(Attwell & Hughes, 2010).

4.4. Participants & Results

During the last several years, these courses haem b
implemented in classrooms of high schools in thetddn
States (with continuous evaluation during the anadegears,
from 2009 until 2016) and in secondary schools e t
Dominican Republic (with evaluation in: Study-1, igune
2016; and Study-2, December-2016/March-2017).

Study-1: Dominican Republic: The PC-01 project was

implemented during a six-month period. The firstrtpa
included the design, implementation, and fine-tgnaf the
VLE. The course was later replicated on the platfor
EDUCANDO online of the Ministry of Education (MINBD).

collaboration

to note that students could attempt the self-assass as
many times as they wished without direct impacttheir
grades. The tests, however, could only be attemptéck,
with the best grade being recorded.

To illustrate the results obtained in this study iwclude
Figure 4, which shows the results of two particléwodle
classrooms located in the cities of Las Matas déaRaand
San Pedro Macoris. This figure shows the total remtf
attempts and the grades obtained in self-assessrardttests
in the classrooms of these two schools.

Attempts of Classrooms A and B
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B A Test
2 Q’@vﬁ o
20
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0 ]
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_/vw ® st
W B-Test
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Fig. 4. Attemps and Grades in assessments and tests in the course PC-01.

experience in an environment of collaboration, arelable to
monitor and track their own progress.

Analyzing the graph of attempts, one can obseree threferences
general descending tendency throughout the ten Iweek

sessions of the course. This seems to indicatdtibagtudents
initially chose to practice for longer periods ohé¢, when the
subject was still new and unknown. In additionlss course
advanced, the students experienced an increasditiemmce

on their skills and knowledge, and therefore fe#sl need to

complete additional attempts.

Analyzing the graph of the grades one can observe a

general pattern of better grades on the tests dhathe self-
assessments throughout the course. This seemditati that
the students gradually reinforced their knowledge amre
fundamentals as they accumulated experience waith. ti

The course ECE130 is traditionally offered to sal/éigh
schools in the Memphis area. Each high school qpaties
with one or two sections of students in their Jumio Senior
year, with ages 16 to 18.

Given the open environment in which these courses ageyeley,
offered, special effort is dedicated to guarankes & large set

of randomized tests and assessments are avaitalpeevent
the possible data sharing among students.

Throughout the years, the course ECE130 has expede
an increase in the complexity of the P2P projeststadents
adapt ever more rapidly to new technologies anduatian
methods using computers.

4.5. Future directions

PC-01 in Colombia: A new project of the course PIC-0
has been created between the University of the ugasq
Country and the Corporation for the National Acaitem
Network for Advance Technology (RENATA) in Colombia

via an agreement of collaboration with the titl@tfbduction
of Computational Thinking in the Schools of Bogaad
Colombia”. In addition, the Ministry of

has joined the collaboration agreement, providiagources
for the implementation of the project in 10 schatilsributed
across the country. The project is being develahaihg the

second semester of the academic year 2016-17, targl i

supported by a Moodle-based platform (Renata, 2017)

5. Conclusion

In this paper, we present two courses on CT famary,
secondary education, and high school. These coinseduce
the concepts and processes of CT in a hybrid dassformat
and online education.

These courses represent real examples of cooperatio

between computer science and educational technolbgg
courses use the educational services of VLESs systertrain
students in the new curriculum subject of CT. Tharses use
analytical learning tools and help
successfully the tasks of teaching, monitoring, gratling the
students. On their part, the students have a eesdgarning
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