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Abstract

This paper presents a training program for teachers and the procedures for its evaluation in the
domain of computational thinking, programming and robotics in basic education. This training was
conducted within the scope of Project KML Il - Laboratory of programming and robotics technologies
and learning for preschool and primary school (1st CEB) and is expected to contribute for two of the
project's main outcomes: conceive a training plan to include in the higher education of educators and
teachers of the 1st ECB and the creation of a MOOC for initial and continuous training of these
professionals. The training, with 50 hours of total workload, was developed in a blended learning
format, including face-to-face and online sessions (25 hours each). The online sessions were
organized into synchronous and asynchronous activities, including autonomous working moments, to
perform individual activities. The theoretical references that support this work have their origins in the
studies on distance education (EaD), namely in the developments provided by the designated 3rd
generation of EaD in which computer-mediated communication has allowed the emergence of new
pedagogical scenarios giving rise to new training modalities either fully online or in blended learning
format. The training evaluation questionnaire aims to explore the key points that determined the
organization of the course and aims to evaluate the level of satisfaction and the opinion of the trainees
about the different components of the training, as well as gather information that may contribute to the
design of new course in a MOOC format. The questionnaire was designed considering the following
dimensions: characterization of respondents and previous experience, satisfaction with training,
perception of the learning and involvement in training, perception of the practical application of
training, criticism and suggestions for improvement. The questionnaire, in the context of this research,
will be an essential source of information for the team's decision-making on the appropriate format for
the MOOC to be developed in the future and which constitutes one of the project's final objectives with
a view to broadening the access of teachers in Portugal to knowledge on the subject under study.

Keywords: Computational thinking, programming and robotics, teacher education, Blended Learning;
Virtual learning environment.

1 INTRODUCTION

In today’s technology saturated society, communication, learning and participation are increasingly
mediated by computers. In this context, understanding how computers work and the ‘languages’ with
which they change, or setup, the social contexts we live in becomes an agency issue. Beyond
technical skills, learning these new languages serves communicative and expressive functions, hence
addressing inclusion and participation challenges of today’s digital society [1]-[3]. In short, together
with economy-related concerns, notably the presumed need for a tech-savvy future workforce, this is
the motivation beneath the exponential attention given to computer science by educational policies
and practices [4], namely in Portugal [5]-[8].

In this context, “KML Il - Laboratory of technologies and learning of programming and robotics for
preschool and primary school” arises from the need to empower teachers to make the best use of
programming and robotics as learning means. Its’ aim is to study how to integrate programming and
robotics in preschool and basic education [9]. Within this project, case studies will be carried out at a
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national level with two main objectives: a) to propose a training framework for curricular units of
technology, in the courses for teacher training in higher education and in-service training; b) to design
a profile of childhood educator and elementary school teacher as mediator in the integration of
programming and robotics learning in educational contexts. The project further expects to survey
training needs in technology, programming and robotics of elementary school teachers and early
childhood educators; contribute to a framework for the integration of programming and robotics in the
curriculum.

The KML Il project encompasses the creation of laboratories in higher education institutions, for the
learning of programming and robotics by students of initial, postgraduate and continuing education. It
further includes a mobile lab for schools participating in the project. Thus, it intends to distribute at a
national level the resources provided by the project. Partners involved will also be consultants in the
development of the framework [9].

2 THE DESIGN OF ONLINE COURSES IN VIRTUAL LEARNING
ENVIRONMENTS

The new learning scenarios that have emerged under the so-called 3rd generation of Distance
Education [10], [11] have made it possible for trainers and designers to implement courses based on
computer-mediated communication to devise new pedagogical approaches, use the technological
resources that can best support these approaches, as well as identify strategies that can enhance
learning processes in these new contexts, depending on the nature of the topic being addressed, the
characteristics of the target audience and the specific circumstances surrounding the processes of
training. Thus, from the outset, trainers and designers have the option of adopting a training plan that
uses online communication for developing courses totally at a distance or alternatively using online
communication for combining it with face-to-face sessions in blended learning courses. We will try to
present a brief reflection on the basic aspects that surround this option.

2.1 Computer Mediated Communication and Blended Learning

Considering the nature of the modality of the training course described in this paper, it is important to
consider the concept of Blended Learning. In its strongest sense “blended learning” involves
combining sessions of face-to-face interaction with forms of online interaction [12].

Problems and weaknesses are often pointed to online communication in teaching and learning
contexts due to its alleged limitation in what concerns human interaction and lack of social contact for
one side and due to limitations in certain fields of knowledge that would require visualization
processes, physical contact or direct manipulation of elements of the real [13], [14]. On the other hand,
it has been signaled one great advantage of online communication, namely that it allows access to
training to geographically dispersed populations as well as the temporal flexibility that allows
particular audiences to overcome temporal limitations due to incompatible working hours or family
time.

The first type of signaled disadvantage has been largely contested by both practice and empirical
research. Online learning communities, enjoying the benefits of networked communication and fueled
by collaborative learning principles, benefit from the strong social-affective, cognitive and motivational
components of the Web [10]. Difficulties in remotely promoting the acquisition of certain skills, in
certain areas requiring real physical contact with people or with instrumentation and procedures, are a
relevant argument when arguing against online education but those problems are also likely to be
overcome. Indeed, these difficulties have generated innovations in the field of simulations, virtual
laboratories and remote control laboratories, artificial intelligence, virtual collaboration, vizualization
and gamification, which areas of great interest to distance education and online education [15].

The underlying reason for the emergence of mixed education is undoubtedly the idea that such a
teaching modality can collect, in an eclectic way, the advantages of face-to-face interaction and the
advantages of mediated education, namely of computer mediated communication. In short, a blended
learning solution will be all the better if it can benefit from the strengths of each of the teaching
modalities without incorporating the weaknesses of either one [16].

The design of mixed courses implies the search for balances between the amount of face-to-face and
online interaction and the nature of the instruction intended to be provided in each of these modalities.
It is therefore necessary to make options according to the instructional objectives, fields of study, the
characteristics of the students, their geographical distribution, the available online resources or the
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available physical spaces and the existence of teachers or tutors with adequate skills for the desired
training.

Therefore, the different ways of conceiving mixed courses are not indifferent to the starting points and
the contexts in which the courses are implemented. In this sense, the blended learning proposal
presented here took into account:

e The nature of the training to be developed: some activities, such as robotics initiation, involve
the assembly and manipulation of robots, and so there is advantages in being developed in
face-to-face situations, providing greater security for participants and easier collaboration
between trainees and between trainees and trainers. Given that this is a completely new area
for many educators, we believe this option has attracted more participants

e The target audience: we were dealing with an adult audience, geographically dispersed and for
whom the principles of temporal and spatial flexibility, characterizing online communication and
distance education, assume significative importance.

e The network of trainers and training spaces: there was a network of local trainers qualified in the
area and available to ensure these moments of face-to-face training. They were also very
knowledgeable about the specific contexts of the target audience.

e The possibility of having a Virtual Learning Environment (VLE) that could integrate the entire
training course, allowing autonomous work activities, making resources available, and virtually
extending the moments of presential learning, enhancing the interaction between all involved.

Thus, our option was to present the entire training plan in the Virtual Learning Environment (VLE),
although this training plan included both the virtual activities and interactions and face-to-face
sessions in various parts of the country, with support. of trainers on the ground that worked in
accordance with the general directions set by the training plan design team.

2.2 Interaction and Interactivity

In the field of Online Education there have been several theories developed over the years such as
Michael Moore's Transactional Distance Theory [17] Garisson, Anderson and Archer Community of
Inquiry Model [11] or Siemmens Connectivism [18]. However, rarely are these theoretical models
explicitly seen as design tools that can directly serve to design and implement online courses, thus
falling within a logic of descriptive / interpretive theories rather than in a logico of a learning design
model which is, in the context of the present work, what we value most.

As we know, interaction is one of the most important components of any learning experience and is
certainly also one of the most important constructs in research in Distance and Online Education [19] -
[21]. In this sense, and because it was also one of the main concerns of the project team in the course
design and the design of its Virtual Learning Environment (VLE), we will highlight in this paper this
component in particular.

In the field of Distance Education, Moore [19], [22] introduced of “transactional distance” and
distinguished between three types of interaction: student-teacher, student- content, and student-
student. According to Moore, the physical non-presence of the subjects generates a particular space
of interaction, that of transactional distance. Moore considers that transactional distance is a
phenomenon of psychological, communicational and pedagogical nature and not so much of spatial or
geographical nature.

Student-Content interaction is one of the fundamental types of interaction on which all education is
based. Content is found in books, environmental objects, videos, digital artifacts, etc. Student-Teacher
interaction can take the form of direct instruction through lessons and lectures or through dialogue,
feedback and student incentives. In addition, students can interact with the teacher by asking
questions, presenting assignments, or discussing problems. The student is able to learn from the
teacher's experience and knowledge, and the teacher is able to gauge and assess student needs.

Student-Student interaction constitutes today a huge challenge for thought and educational practice.
Students collaborate with colleagues on projects, assignments, discussions, exchange ideas and interact
on various topics in a more or less formal / informal way. Student-Student interaction may occur with or
without the presence or influence of the teacher. Its value to Moore largely depends on the students'
circumstances and their age, experience and level of autonomy. The possibility of Virtual Learning
Environments to provide and even foster this type of interaction is an important point to underline.
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In Distance Education and Online Education all interaction is mediated through a technological
medium. For any of the above three types of interaction to occur, the student has to interact with the
media, and Hillman, Willis, and Gunawardena [23] have proposed a fourth type of interaction: Student-
Interface interaction. These authors identified the interfaces of technological environments as points of
interaction between the content, the students, and the teacher. Successful learning requires students
and teachers to be comfortable with these interfaces [23].

These four different types of interaction guided the team's work in the development of the VLE, its
design, definition of the resources to be used and the organization and planning of the training package.

3 THE TRAINING PROGRAM

The Training “Computational Thinking, Programming and Robotics in Basic Education” was held
between June and October 2019, lasting 50 hours, in b-learning format (25 hours of face-to-face
classroom activities and 25 hours of distance activities). 120 teachers participated in the training,
distributed in eight classes, representing 8 regions of Portugal.

The training curriculum was organized in a total of 11 learning sessions (five in-person and six at a
distance), divided into three modules (Computational Thinking, Educational Robotics and
Programming) and included two sessions for the preparation of a project and a final report. .

The materials, resources and evaluation activities foreseen in the training to stimulate the students’
interaction with the contents, as well as between themselves and the trainers, were made available in
the VLE, instantied in the platform Moodle.

The face-to-face sessions were held at each regional hub and coordinated by expert trainers from
each of the partner institutions participating in the project. The presential moments were intended for
group activities, the discussion of the specific themes of each module and, in particular, the
manipulation of the equipment, namely in the Educational Robotics module, when it was possible to
handle the various devices provided by the team project.

The online activities contemplated synchronous and asynchronous moments. The synchronous
moments were held in videoconferencing format and had as main objective the introduction of new
themes, through expert lectures, detailed explanation of the autonomous activities and clarification of
doubts, as they enabled interaction with the speaker in real time. These synchronous moments
occurred simultaneously with trainees and trainers from all classes and were always recorded, giving
everyone the opportunity to review these sessions. For trainees who did not attend for some reason,
they were able to attend later, and could leave their comments in the module forum under
consideration, so that their participation could be recorded. Asynchronous communication took place
in the VLE, primarily through the thematic discussion forums and doubt forums, which constituted
spaces complementary spaces related to the discussions that began in the face-to-face sessions.

In the virtual learning environment were also defined the assessment and evaluative activities of the
training, all individually performed, including the project and the final report, developed by the trainees in
autonomous working hours. In addition to the resources, forums and evaluative activities, it should be
noted that in the VLE the students had access to guiding training documents: The General Training
Guide that presented essential information, such as objectives, methodology, schedule, topics for study,
systematic evaluation of learning and criteria for training certification; and the Session Guides, detailed
documents on the work to be done in each of the training sessions, be it in person or at a distance.

4 TRAINING ASSESSMENT

At the end of the training a questionnaire will be applied to assess the satisfaction of the trainees and
collect information that may support the project team in the design of a similar course but in a MOOC
format. The anonymous questionnaire will be applied at the last session and will be made available in
digital format (Google docs). The following are the dimensions that guided the construction of the
Training assessment instrument.

4.1 The Training Assessment Questionnaire

From the objectives aimed, five dimensions were defined to guide the elaboration of the questions,
namely: characterization of the respondents and previous experience, satisfaction with the training,
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perceptions about the learning and involvement in the training, perceptions about the practical
application of the training and criticisms and suggestions for improvement of the training program.

The first dimension, which includes eight questions, sought to collect some demographic data from the
respondents considering variables such as age, gender, education level that teaching, etc. In addition,
it brought questions that ascertained the experience of the trainees in distance learning courses and in
the specific theme of training.

The second dimension “satisfaction with training” encompasses thirteen questions that seek to
highlight the reaction of the trainees to the training program as a whole, from the training environments
to the pedagogical strategies, the performance of the trainers, the materials and didactic resources,
among others. A special attention was given to the format of training (b-learning), which sometimes
required context-specific questions.

The third dimension “perception of learning and involvement in training” relates to how much learners
consider they have learned from the training experience. For this, we sought to elaborate three
questions that would lead them to reflect on the level of learning achieved in each theme addressed,
that is, allowing them to perform a self-assessment of their training path.

The fourth dimension “perceptions about the practical application of training” concerns the anticipation
that learners make about the possible transfer of knowledge, skills and attitudes acquired in training to
their everyday pedagogical practice. This dimension was evaluated by two questions, one of which
involves three items. Consideration was given not only to teachers' individual intention and motivation
to introduce new knowledge, skills and attitudes into their work routine, but also to the real possibility
of such transfer, based on the infrastructures available in their classrooms.

“Criticism and suggestions for improvement” was the fifth and final dimension defined in the
questionnaire and considers four open questions. It seeks to involve learners in the process of
improving training by presenting them questions in which they are invited to point out the weaknesses
and strengths observed and, above all, to indicate improvements for possible future editions of the
course. This dimension also included more specific questions about the virtual learning environment
and the dynamics established on the online sessions, considering the relevance of this information for
the MOOC design and production process to be developed.

Regarding the type of questionnaire, we occasionally considered the multiple choice format, but most
questions take the form of statements against which respondents should indicate their degree of
satisfaction / dissatisfaction, or degree of agreement / disagreement, or express your opinion /
attitude. This is why we used a five-level Likert scale where each extreme indicates semantically
opposite positions, “Strongly Agree / Strongly Disagree; Very Satisfied / Very Dissatisfied ”, etc. This
method allows obtaining complex and subjective information, such as perceptions, attitudes,
representations, preferences and opinions [24].

The matrix in table 1 seeks to account for the structure and nature of the questionnaire in each of its
dimensions.

Table 1: Matrix of the questions from the questionnaire by dimensions

Dimensions Questions Topics Scales
1- Gender - Dichotomic
2- Age
ch t1- zatl 4- Region
aracterization . E; le of ti
of the subject 5- Level of education that teaches xample o qu'es./on
and their q . ) Education:
- 6- Previous distance education .
previous experience a. Graduation
experience
7- Previous experience in the b. Masters degree
topics of the present training. c. PhD
8- Previous experience with d. Other

robotics in the classroom.
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2- Training
Satisfaction

9- General aspects of the training

10-Trainers

11-Face-to-face sessions

12-Online sessions

13-Online Learning Environment

14- Activities / Assessment Tasks

15- Recommending the training to
other colleagues.

16- Usability of the VLE

17-Language used in the training

18-Communication and Interaction

19- Attractiveness of the training

- Likert Scale (Very much unsatisfied - Very much
satisfied; Absolutely desagree - Totally agree ; Very
difficult - Very easy; Very much efficient - Totally
inefficient, Not interesting - Much interesting)

Example of a question:

Please evaluate the level of difficulty of the
navigation in the training VLE choosing a note
from 1 to 5 where 1 means great difficulty in
the navigation and 5 means great easyness
in the navigation

20-Training Format

21-Workload of the training

- Multiple Choice
Example of a question:

a. It should have had more face-to-face
activities
b. It should have had more activities at a
distance

c. It should have been offered entirely in the
distance format.

d. It should have been offered entirely in face-
to-face format.

e. The current format seems to me to be
appropriate.

3- Perceptions
about the
attained level of
learning and
involvement
with the training

22- Level of difficulty of the
training

23-Level of learning in the training

24-Degree of involvement and
participation

- Likert Scale (Too hard - Too easy; Too low - Too
high; Low involvement - High Involvement)

Example of a question:

Please evaluate the level of difficulty of the
training in relation to the objectives defined in the
Training Guide. Choose a note where 1 means
very difficult and 5 means very easy.

4-

Perceptions
about the
practical

applicability of
the training

25-Improvement of the
performance in the classroom.

26- Conditions for the use and
application of the new acquired
knowledge and competencies.

- Likert Scale (Totally agree - Totally disagree.)
Example of a question:

The participation in the KML Il training has
contributed for your classroom performance?
Choose a note where 1 means didn’t contribute
and 5 means contributed a lot.

1 2 3 4 5

5- Criticisms
and
suggestions for
improvements

27-Positive aspects of the training

28-Negative aspects of the
training

29-suggestions for improvements

30- General comments (optional)

- Open questions
Example of a question:

Please suggest improvements that you
consider important for the training program.

Source: Elaborated by the authors
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5 FINAL CONSIDERATIONS

The questionnaire whose construction logic was detailed here has already been validated by a set of
five experts on the project team. This validation process gave rise to changes that improved the
instrument. However, it is still intended to submit it, prior to its application to the target audience, to a
small sample of teachers in order to collect their input and suggestions. It will then be applied to
trainees at the beginning of October 2019 at the last in-person training session.

The results obtained should allow the project team to collect indicators on the training profile that best
suits the target audience, contributing to the planning and construction of a MOOC, which aims to
broaden the scope of the training undertaken, with a view to encompass a wide range of teachers
from the Portuguese education network. This network currently includes 16,065 educators and 29,979
teachers of the 1st cycle of basic education, according to data from 2019 from Pordata.pt. [25]

Within these indicators, it is emphasized the importance of the evaluation made by the trainees along
the various dimensions of the questionnaire, regarding the aspects / items related to the interaction /
interactivity component, considering both the three types of interaction proposed by Moore [12]
(student - content). ; student - teacher; student - student) and the student / interface interaction
proposed by Hillman, Willis and Gunawardena [16]. As this component is crucial for learning, it is
important to draw from this training experience substantive data on learners' opinions and the
relevance they attach to these different interactions. This will be one of the main focuses of the
interpretation of results that we propose to do.
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