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Abstract: The concerns about ensuring scientific literacy for all are underpinned by international
recommendations from organizations such as the UN and the OECD for science education. They
advocate for science education from a contextualized, sequential, systematic, and active perspective
on the students” learning process, starting from the early years of schooling. It is based on these
pedagogical principles that the research project the “Experimental Science Teaching Program” (PEEC)
was founded. This article aims to disseminate an evaluation of the PEEC for primary education, which
includes a science teaching curriculum proposal, teaching activities and resources (e.g., digital games),
and assessment record instruments for learning. This program was developed using an Educational
Design Research methodological approach based on iterative cycles, with the collaboration of a
multidisciplinary team (e.g., teachers, researchers, and children). For a final evaluation of the PEEC
components, we consulted the ten participating teachers through a questionnaire survey one year after
the end of their official collaboration. The main results highlight the relevance and appropriateness
of the proposals presented for the targeted age group and the assumptions and objectives of science
education in terms of the curriculum, teaching resources, and digital assessment games. Teachers also
mentioned continuing to use the PEEC resources after their participation in this study. These results
underscore the need to expand and promote projects of this nature to contribute to more practical
science education in Portugal and, consequently, to increase children’s levels of scientific literacy.

Keywords: science teaching; educational design research; educational resources; primary education

1. Introduction

A scientifically literate society presupposes the making of informed, conscious, and
well-founded decisions, aimed at ensuring environmental integrity, achieving economic
viability, and attaining full democracy. Despite the lack of consensus on the definition and
assessment of “scientific literacy”, it is universally sought. As early as 1847, the phrase
“Science for all” was proclaimed [1], but it is theorized that the term “scientific literacy” first
emerged in the mid-1950s, when the scientific community in the United States recognized
the importance of granting the entire society access to scientific knowledge [2]. This
paradigm shift has attributed a new purpose to science education for everyone and from
the earliest years, which was previously exclusive to those inclined and desiring to pursue
a scientific career. Thus, the primary goal of science education became preparing societies
for constant transformations, unpredictable challenges, and inevitable adaptations in the
face of scientific and technological evolution, essential for achieving the 17 Sustainable
Development Goals of the 2030 Agenda [3]. The traditional transmissive practices, once
satisfactory for their purposes, no longer serve today’s needs. The Inquiry-Based Science
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Education (IBSE) approach is one of the methods that meet the general aspirations for an
active, contextualized, sequential, and progressive science education capable of fostering
scientific skills. This approach, inspired by scientific work methods, promotes students’
involvement in age-appropriate practical science activities [4,5].

In Portugal, the first subject encompassing natural sciences for primary education (ages
6-10) appeared in 1968 under the name “Geographic-Natural Sciences”. In 1979, it was
renamed “Physical and Social Environment” and changed to “Study of the Environment”
in 1991, a name that persists today. It is a subject that, admittedly, integrates areas of natural
sciences (physics, chemistry, and geology) and social sciences (geography and history),
realized in a curriculum that encompasses various learning objectives. This curricular
document incorporates less than 50% of natural science learnings, with a predominance of
knowledge over investigative skills and attitudes and values, with few explicit guidelines
for science teaching [6].

Science education in the early years is a field of teaching, training, and research that,
although consolidated, is relatively recent in Portugal [7]. The curricular devaluation and
disrepute in weekly class hours appear as obstacles to the universal appreciation of the
area [7].

In 2006, minimum weekly teaching times were defined for the curricular areas of
primary education, 8 h of Portuguese, 7 h of mathematics, and 5 h of Environmental Stud-
ies, half of which are in experimental science teaching, marking its compulsory nature for
the first time. In 2018, the weekly hours were redefined, and the Environmental Studies
subject was reduced to three weekly hours. This entrenched devaluation is revitalized and
accentuated by the relegation of the science teachers themselves, especially compared to
mathematics and Portuguese teachers [8]. The disparity in class hours is particularly con-
cerning when one of the constraints to performing more science activities is the perceived
lack of time [9,10]. Therefore, a change that makes the time spent on these areas equal [11]
and autonomous, as seen in countries like Ireland, Canada, the United States, Spain, and
Australia, is urgently needed.

The Portuguese scenario worsens when the practices of teachers are strongly influ-
enced by their training, beliefs, conceptions, and knowledge. These become one of the
determinants of the quality of science teaching [12]. Although the importance of science
teaching is legitimized by the teachers from the teaching cycle [13,14], their still naive
conceptions seem congruent with essentially traditional practices [8] with still inadequate
scientific knowledge [13,15-17]. These conceptions so affect the practices of teachers that
practical activities in this teaching cycle in Portugal still occur sporadically [13,14,18-21].
In addition to the insufficient periodicity of the activities, they seem to be decontextualized
and not conducive to promoting scientific skills in children [22]. The scarce diversity of ac-
tivities, limited use of group work, and reliance on textbooks as the chosen resource [10,23]
are indications of predominantly transmissive practices characterized by the complacent
attitude of children towards their learning process. Thus, the teaching of sciences in
primary school in Portugal is far from the desired standard. The difficulties of teachers
in transforming their practices are increasingly evident [14], mainly due to the lack of
quality educational resources appropriate for the age level of the students and lack of
training [8-10,12,13].

The ideological clash between international guidelines for science education (e.g., the
IBSE perspective and Science, Technology, and Society—STS orientation) and what is being
implemented in primary schools in Portugal can constitute obstacles and difficulties that
impact children’s learning. The participation of students in international studies such
as Trends in International Mathematics and Science Study (TIMSS) and the Programme
for International Student Assessment (PISA) shows still unsatisfactory results. Regarding
the performance of 4th-grade students in TIMSS [24] from the first participation (1995) to
the second (2011), there was a significant increase of 52 points (from 452 to 522 points)
(Figure 1). However, in the last two participation cycles (2015 and 2019), the average
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scores have decreased (508 points and 504 points, respectively), getting closer to the TIMSS
average (500 points), contrary to other countries’ trends.

Results of Portuguese 4th-grade students in the

TIMSS (science)
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Figure 1. Results of Portuguese 4th-grade students in TIMSS in the science domain.

Respectively, in PISA (Figure 2) [25], for 15-year-old students, in the first four partici-
pations from 2000 to 2009, there was an increase of 34 points (from 459 points to 493 points).
In 2012, there was a slight deviation from this trend (with 489 points), but it recovered
in the 2015 participation, where they reached 501 points, for the first time surpassing the
OECD average (489 points). From 2018 until the latest participation up to 2022, scores
decreased again, reaching 484 points. The Eurydice report, ‘Increasing Achievement and
Motivation in Mathematics and Science Learning in Schools’, included Portugal among the
countries that do not achieve basic levels of scientific literacy [26].

Results of Portuguese students in the PISA (science)

° ° e ° et ° -
468 474 493 489 501 492 484
2003 2006 2009 2012 2015 2018 2022

e—Results of Portuguese students

Figure 2. Results of Portuguese students in the PISA in the science domain.

In the national external evaluation (assessment tests) in the 2nd grade, performance
results for the years 2017, 2018, 2019, and 2023 [27-30] show that about half of the children
(an increase of 45%) showed difficulty, either could not answer as expected or did not
respond to science questions, with only around 30% achieving the maximum level in 2022.
Knowing that “the group most likely to generate erroneous or incomplete conceptions is
that of young children because their experiential world is still confined to a short-lived
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space” [31] (p. 113), it is essential to create contexts promoting scientific literacy from the
early years, urging for a change in teaching practices in primary education consistent with
international and national demands for quality education for all [32].

Over the years, researchers have expressed the need for changes in science education,
hoping to change the residual expression of practical science teaching in Portugal. In
this sense, they refer to the need for curricular restructuring for the 1st cycle of basic
education [11,33,34] and investments in science teaching resources for this cycle [12,34].

The Science Experimental Teaching Training Program (PFECC) and the Digital Science
Educational Resources (RED_Ciéncias) are examples of national intervention and research
projects with a high impact on improving teaching practices and increasing children’s
scientific literacy. The implementation of the PFECC started in 2006, defining as main
actions the training of primary school teachers and equipping schools with the necessary
didactic resources for the practical activities proposed in the training. Evaluations from the
project demonstrate effectiveness in the professional development of the involved teachers,
particularly regarding the appropriation of methodologies, strategies, and activities related
to experimental science teaching, as well as for the development of their students’ learning,
particularly in terms of scientific skills [35,36]. From this project, a set of didactic guides for
eight themes (Dissolution; Light, Shadows, and Images; Sustainability; Electricity; Flotation
in liquids; Changes of state; Plants; and the Human body) were made available to support
the preparation and exploration of activities in the school context.

Following the development of the PFECC, the RED_Ciéncias project started in 2019,
aiming to conceive/adjust, produce, validate, implement, and evaluate digital educational
resources to support experimental science teaching practices for primary school teachers
and promote student learning during school and non-school hours. Through a multidisci-
plinary team, activities and respective resources for the eight themes of the PFECC were
developed. A website was created to aggregate various analog (games, record sheets, and
assessment activities) and digital resources (videos, posters, games, and video makers) for
free. The cyclical process of implementing and validating RED_Ciéncias resources with
teachers and children allowed for the observation of the satisfaction and recognition of
the usefulness of these resources by the teacher users as well as their contribution to the
development of knowledge, skills, attitudes, and values [37].

The concern regarding the described scenario, the dissatisfaction with its prevalence in
Portuguese schools, and inspired by the presented projects, led to the development of the
“Programa de Ensino Experimental das Ciéncias” (PEEC), which is presented here, with
the definition of the following research objectives:

To develop (conceive, plan, validate, implement, evaluate) a Program of Experimental
Science Teaching for primary education with the following:

e A new proposal for a curriculum project for experimental science teaching with an
STS and IBSE orientation;

e Didactic exploration proposals and respective support resources for the implementa-
tion of the curriculum project, based on the activities developed throughout the project
and the evaluation carried out by class teachers and assisting teachers;

e Activities and assessment registration instruments of learning (knowledge, skills,
attitudes, and values) underlying the development of scientific competencies planned
for the four years of the 1st cycle of basic education.

The research questions defined for this project are as follows: “How do we system-
atically promote experimental science teaching in a contextualized manner, with an STS
(Science, Technology, and Society) and IBSE (Inquiry-Based Science Education) orientation
in primary education?” and “How do we develop an assessment project for and of primary
school children’s learning that is coherent with the proposed PEEC (Educational Project for
Science Education)?”

This article aims to describe the trajectory and development cycles of the PEEC and
present its final evaluation in the voice of collaborating teachers through the Educational
Design Research (EDR) methodological approach, justified by the emergence of the problem
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and the appropriateness of research purposes and the intervention context, collaborations,
and development of the products, as subsequently described.

2. Materials and Methods
2.1. The Educational Design Research Approach

The Research Design approaches, from which the EDR approach derives, emerged
in the 20th century with the aim of ensuring synergies between real problems and
academic research carried out in intervention contexts [38—40]. This need for change
arises, according to some authors, from the commitment between the utility of gen-
erated knowledge and the resulting solutions in research, which were previously
considered distant and of little use compared to the problems manifested in real
contexts [38,41]. In this sense, this methodology, and its variants, is fundamentally
concerned with conducting research based on real problems and ensuring that the
presented solutions are truly useful and replicable [42]. The remarkable growth of this
approach is expressed by the increasing number of publications and research [43]. In
Portugal, doctoral projects adopting these approaches have also been growing [44-50].
The EDR methodology follows a set of peculiar characteristics that authenticate it,
standing out for being the following;:

Pragmatic: the EDR approach is guided by recommendations to generate scientific
knowledge for the benefit of solutions to one or more real fracturing problems in
educational contexts.

Grounded: the definition of the problem arises from the synergy of the discursive
analysis of the study participants and what is expressed in scientific literacy.
Iterative: the contours of an iterative investigation imply that the project’s evolution
occurs through the systematicity of iterative cycles stemming from design, implemen-
tation, and evaluation, accompanied by validation and review processes.

Flexible: it is frequent and acceptable to adapt the initially planned study plan, involv-
ing aligning strategies to pursue the stipulated objectives based on emerging insights.
Interventionist: studies are designed as transformative, proposing effective and repli-
cable changes in real educational contexts.

Collaborative: Encouraging research with effective collaborations is both an objective
and a challenge. From an EDR perspective, this is a requirement, as the success of the
research project will inevitably depend on the multidisciplinary team’s proficiency in
terms of their contributions throughout the research [42,51-53].

Based on these characteristics, Figure 3 graphically represents the process conducted
in this research that was established in three phases with their respective moments
and cycles that characterize it and identify it as an EDR project.
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Phase II- Design and Implementation Phase III — Evaluation

Phase I — Analysis

P1-M1

Curricular Proposal
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P3-M1

Children's learning

P3-M2

Teachers' considerations

Figure 3. A diagram illustrating the phases and stages in the development of the PEEC project.

Based on the presented scheme, each phase, its respective moments, and tasks that

define each one will be described in detail.

Phase I—Analysis or Preliminary Phase

Like any research, the initial phase requires the formulation of research questions
and the delineation of the problem to be solved. EDR is no exception, and in Phase I, it
follows the norm by identifying and describing the problem [41,42,53,54]. In this particular
study, in addition to the state of the art, this phase materialized with reflective analyses,

comprising the two moments described in Table 1.
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Table 1. Synthetic description of the moments of “Phase I—Analysis”.

Number of Performance

Moment Tasks Participants Period Indicators (1)
Select and systematize the most
recent curricular guidelines related
to experimental science teaching in
primary education; Scientific article (n = 1);
Analyze the Portuguese primary Summary in
P1-M1 science curriculum in light of the Researchers 2019-2020 conference_ .
learning outcomes assessed in proceedings (n = 2);
TIMSS and PISA; Poster presentation at a
Comparatively analyze the conference (n = 1).
Portuguese primary science
curriculum with other science
curricula at this education level.
Analyze reports on teaching o )
practices and assessments of Scientific article (n = 1);
P1-M2 primary school teachers in the Researchers 2019-2020 Summary in

conference

context of experimental proceedings (11 = 1).

science teaching.

As described in Table 1, the first moment (PI-M1) consists of the analysis (i) of the
school curriculum corresponding to the natural sciences area in the four years of primary
education (6-10 years old) in Portugal, in light of the science learnings assessed in the 2019
TIMSS for the 4th grade [55] and (ii) a comparative analysis of the curricula of countries
whose results stood out in TIMSS and PISA, namely, England, the United States, Singa-
pore, and Australia [6]. The analysis highlighted evident gaps in terms of the guidelines,
orientations, content, and coherence of the science curriculum in Portugal.

The second moment (PI-M2) focused on analyzing reports from the Inspectorate Gen-
eral of Education and Science [22]. It was understood that science teaching practices in
primary education observed and evaluated by inspectors were still lacking in contextualiza-
tion, with little focus on children and a scarcity of promotion of scientific skills. Children’s
learning assessments were still a little systematic and overly focused on knowledge.

It is in this exploratory phase that reflection on the current situation of science edu-
cation in primary education occurs, and a relevant and suitable multidisciplinary team is
created to address the challenges encountered. Collaboratively, an action plan is devel-
oped for common objectives, namely, to mitigate (i) the identified gaps in the immaturity
attributed to science both at the curriculum level and in the time allocated to it in the school
year; (ii) the insufficiency of practical activities in this cycle of education as well as the
scarcity of active and child-focused strategies; and (iii) the assessment solely based on
knowledge. For this purpose, and still in this first phase, it was essential to survey relevant
national and international reference literature, guidelines, and support and justifications, a
process that accompanied the different tasks of all phases. This phase culminates in the
design of the PEEC, as presented subsequently.

Phase II—Design and Implementation

From 2020 to 2023, the PEEC was developed, and it was chosen to implement it in its
entirety [54], with the collaboration of scientific validators, primary school teachers, and
their respective classes. As indicated in Table 2, this phase emphasized successive iterative
cycles between moments of design, validation, implementation, evaluation, and redesign.
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Table 2. Synthetic description of the moments of “Phase II—Design and Implementation”.

Number of Performance

Moment Tasks Participants Period Indicators (n)

- Design a science curriculum
proposal for primary education;

- Validate the initial design of the
proposal with experts in science
didactics, curriculum development,
and consulting;

- Implement and evaluate the

curriculum proposal using PEEC . S .
P2-M1 resources with primary 13;?32%35, 2020-2023 cli)rrr:g:elzclen

school classes; : —
- Redesign the curriculum proposal; proceedings (1 =1).
- Implement and evaluate the

curriculum proposal using PEEC

resources with primary

school classes;
- Finalize the redesign of the PEEC

curriculum proposal.

Scientific article (n = 1);

- Design didactic proposals and PEEC
resources that are supported by the
curriculum proposal;

- Validate the didactic resources with
experts in the field (e.g., biologists,
doctors, and nurses)

i Researchers;
- Redesign the PEEC - ” L . _
didactic proposals; Validators; Scientific article (n = 1)

Pri hool i
P2-M2 - Validate the PEEC didactic proposals rn;z;l;}}gz;loo S;r;lggr}llclen

with collabo-rating teachers; Primary school proceedings (1 = 1)
- Redesign the PEEC students.

didactic proposals;
- Implement the PEEC didactic

proposals with primary

school classes;
- Finalize the redesign of

PEEC resources.

- Design digital learning
assessment games;

- Implement and validate the digital
learning assessment games with
participating classes;

Redesign the digital learning
assessment games;

- Implement and validate the digital
learning assessment games with
participating classes;

- Finalize the redesign of the PEEC
digital learning assessment games.

Researchers;
Primary school
teachers;
Primary school
students.

Scientific article (n = 1);
Summary in
conference
proceedings (n = 1).

P2-M3

- Design the website;
- Validate the website
with a programmer; Researchers; Programmer;
P2-M4 - Redesign the website; Primary school 2023-2024 Scientific article (n = 1).
- Validate the website with students.
collaborating teachers;
- Finalize the website redesign.

This phase, as outlined in Table 2, embodies the cyclical, iterative, systematic, col-
laborative, and formative nature adopted for the conception of the PEEC [54,56]. The
design/prototype moment is supported by the search for similar projects and existing
knowledge [56]. In this particular case, at each of the listed moments, this research and
the relevant selection of studies were carried out, based on the problems detected in the
previous phase.
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P2-M1—Curricular Proposal: Five foreign science curricula for primary education
(the United States, Canada, England, Singapore, and Australia) were selected as pillars for
restructuring and inspiration for the development of a curricular proposal [57].

P2-M2—Activity Proposal: A survey of empirical articles on the implementation and
evaluation of resources and projects for constructing and providing science resources for
primary education was conducted, as well as relevant digital teaching resources for the
area in question. The development cycle involved an initial design, successive validations
with validators and teachers, an exploration with children, and a final redesign, with a
systematic evaluation from the teachers” perspective [58]. As outputs, 120 science activities
were developed with the purpose of making all the respective educational resources
available for free, including lesson plans, infographics, and analog games (Figure 4).

"PEEC!

Static infographics

ey

Registration proposals

Dynamic infographics

Analogue games

~ CASADOS ANIHAS

Figure 4. PEEC activity resources.

P2-M3—Evaluation Proposal: Attempts were made to understand which digital games
are commonly used in science education in primary schools, to identify the particular
characteristics that make them educational digital games, and to characterize their use for
designing games with assessment activities. The games were explored and appreciated
by child users in terms of their preference (between the game and the usual test) and how
they felt about their completion at the end of two school years (2020-2021 and 2021-2022).
Figure 5 shows some printscreens from one of the digital games developed.

Game situation

Question statement

Ut CONFUSRO DE ESTUFA!

0
L$

Secondary question

ONDE NAD USAMDS AS ROLDANAS NO DIA-A-DIA?

CUCA NA OPCAD MAIS ADEQOADA.
&l

Pogo J

Estendal de \e:OJ

A
Balanga de dois

pratos

GANHASTE UM PULVERIZADOR!

Figure 5. Printscreens from the PEEC assessment game.
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P2-M4—Website Proposal: Examples of websites for science educational resources for
primary education in Portugal were analyzed, as well as criteria for an accessible website,
with input from some teachers regarding its suitability. Figure 6 shows some printscreens
from the website.

Main screen Main screen PEEC activities access screen
(presentation of the PEEC) (access to the three components of the PEEC) (access and download resources)
e L ol LI \
PROCRAMA DE ENSING EXPERIMENTAL DAS CIENCIAS
e e Al Pia Bl :
& 0 d’} ‘
Un

PEEC-related news screen PEEC research screen

INVESTICACAD

Figure 6. Printscreens from the PEEC assessment game.

This phase highlights the reflective and evaluative nature, of a formative nature,
of the EDR until joint solutions are found and consensually desired by all stakeholders
regarding the various dimensions of the PEEC. Collaboration was essential in triangulating
perspectives at different moments, fueling the cyclical nature of the intervention. Given
the absence of standard techniques for data collection [59], we favored listening to the
stakeholders either in a written and structured manner (questionnaire survey) or orally in
an unstructured way (messaging conversations and phone calls). Initial validation feedback
from experts allowed for the improvement of PEEC components before implementation.
The usability and effectiveness of teaching resources were evaluated at a later stage, together
with teachers, both in a preliminary exploration of resources in activity planning and in
the implementation with their classes, and in this case, the data collection process was
characterized by being more formal, systematic, and extensive [59].

The third and final phase, evaluation and reflection, allows for a broad summative
evaluation of the project. After considering that the research objective was achieved, the
project’s effects were assessed, as described in Table 3.

Table 3. Synthetic description of the moments of “Phase III—Evaluation”.

Number of Performance

Moment Tasks Participants Period Indicators (1)
Researchers; Scientific article (n = 1);
- Investigate the effect of PEEC Primary school Summary in
P3-M1 activities on children’s learning. teachers; 20222023 conference
Primary school .
students. proceedings (n = 1).
- Investigate the perceptions of Researchers; Scientific article (n = 1);
P3-M2 participating teachers Primary school 2023 Summary in
regarding the PEEC. teachers. conference

proceedings (n = 1).

The first moment of Phase III (P3-M1) aims to investigate the impact that the devel-
oped activities had on children’s learning. For this purpose, 149 assessment recording
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instruments filled out by participating teachers during the sessions implemented in the
academic year 2021-2022, as well as 161 responses obtained from students in the assessment
games of the PEEC, were analyzed.

In this article, the second moment of this phase (P3-M2) is presented in detail, which
presupposes investigating, after one year of the last implementation (2021-2022), the per-
ception of participating teachers regarding the components of the PEEC. In this regard, we
listened to the ten teachers who contributed and participated in the implementation of the
PEEC over the two school years. A questionnaire organized into five sections (PEEC Cur-
riculum, PEEC Activities, PEEC Evaluation, and PEEC Implementation; Overall Evaluation)
was created, with a total of 24 mandatory closed-ended questions based on a 5-level scale
of agreement: Strongly Disagree, Disagree, Neutral, Agree, and Strongly Agree. Table 4
presents the questionnaire structure with the research objectives and respective questions.

Responses were received from the ten co-teachers responsible for exploring the science
activities throughout this project. In the next section, the analysis of the data and the results
derived from the responses of the participating teachers are presented.

Table 4. Objectives and questions of the PEEC evaluation questionnaire.

Statements/Questions
c Based on Your Knowledge and Years of Experience as a Primary
Group Research Objectives School Teacher, Please Indicate the Degree of Agreement That
Best Reflects Your Opinion Regarding the Following Statements:
s Investigate participating teachers’ perceptions of the . ) )
5 appropriateness of the learning outcomes advocated in The PEEC currlculum learning outcomes are appropriate for the
w3 the PEEC curriculum for the intended grade level. intended grade level.
=19
o =~ Investigate the relevance that participating teachers The PEEC curriculum learning outcomes encompass relevant
g attribute to the PEEC curriculum proposal for the knowledge, skills, and attitudes for promoting students’
Q development of students’ scientific literacy. scientific literacy.
Investigate participating tga.c}.\ers perceptions of the PEEC activities are appropriate for the developmental level of
appropriateness of PEEC activities for the developmental - - -
. - . children in the intended grade.
level of children in the intended grade.
PEEC activities allow for the mobilization of the learning outcomes
n Investigate participating teachers’ perceptions of the outlined in the PEEC curriculum in terms of knowledge.
E adequacy of PEEC activities for mobilizing the intended =~ PEEC activities allow for the mobilization of the learning outcomes
N learning outcomes in terms of knowledge, skills, outlined in the PEEC curriculum in terms of skills.
E attitudes, and values. PEEC activities allow for the mobilization of the learning outcomes
% outlined in the PEEC curriculum in terms of attitudes and values.
U Investigate participating teachers’ perceptions of the PEEC activities and their respective resources are original
= originality of PEEC activities. and innovative.
R Investigate participating teachers’ perceptions of the
potential of PEEC activities to promote active PEEC activities promote active engagement among children.
student engagement.
Investigate participating teachers’ perceptions of the . .
. . . PEEC resources greatly facilitate the preparation and
potential of PEEC resources for implementing the . - L
A implementation of activities.
proposed activities.
Investigate participating teachers’ perceptions of Th S .
Lk e assessment activities (evaluation games) allow for the
Z whether the PEEC assessment activities allow for the evaluation of the learning outcomes outlined in
e) evaluation of the learning outcomes advocated in the PEEC ceul
E the PEEC curriculum. € curncuium.
= PEEC digital evaluation games allow children to monitor their
é learning through the feedback system for each question.
= Investigate participating teachers’ perceptions of the PEE; dlﬁltﬂ evahllatlcc)in. gi{lnes ahre clohertenttarﬁ%lggnte;ftqshzed
B potential of digital games to promote children’s with what is explored in the school context ( activities).
m self-monitoring of learning. The forms with children’s results sent via email are useful
~ for the teacher.
PEEC evaluation games allow for diagnostic, formative, and
summative assessment.
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Table 4. Cont.

Statements/Questions
Grou Research Obiectives Based on Your Knowledge and Years of Experience as a Primary
p J School Teacher, Please Indicate the Degree of Agreement That
Best Reflects Your Opinion Regarding the Following Statements:
8
E I believe that PEEC activities contributed to the development of
Q i ¢
E = Investigate participating teachers’ perceptions of the children’s knowledge.
= PEEC’s contribution to mobilizing children’s learning in - — .
S terms of knowledge, skills, attitudes, and values. I believe that PEEC activities contributed to the development of
& o ! ’ ! children’s skills.
E I believe that PEEC activities contributed to the development of
= children’s attitudes and values.
Investigate participating teachers’ perceptions of the The PEEC facilitates the systematic and contextualized
value they attribute to the PEEC for their science implementation of practical science activities with my students, and
teaching practices. I highly recommend it to other primary school teachers.
Investigate whether teachers continue to use the PEEC Even though my collaboration in the study has ended, I am still
with their classes. using the PEEC with my class.
Investigate whether teachers intend to use the PEEC. Iintend to continue using the PEEC in the coming school years.
9 B I believe that the PEEC is very important for my science
= =y teaching practices.
A 8 Investigate participating teachers’ perceptions of the I believe that the PEEC is very important for supporting my
~ importance of the PEEC for their science science teaching practices because it provides activity
teaching practices. planning suggestions.
I believe that the PEEC is very important for supporting my science
teaching practices because it provides didactic resources.
Investigate participating tgachers perceptions of t.he Teacher training on the PEEC could facilitate the appropriate
relevance of teacher training on the PEEC for their . . . - Y
- . . implementation of practical science activities.
science teaching practices.

3. Results and Discussion

The results are presented in five sections, corresponding to the organization of the
questionnaire survey: PEEC Curriculum, PEEC Activities, PEEC Evaluation, PEEC Imple-
mentation, and Overall Evaluation.

3.1. PEEC Curriculum

The considerations made by the teachers regarding the PEEC curriculum, as depicted
in Figure 7, indicate the suitability of the learning outcomes defined in the curriculum
proposal as potential enhancers of scientific literacy development and the adequacy of
these same learning outcomes for the intended grade level.

Perceptions of teachers regarding the PEEC curriculum proposal

The PEEC curriculum learning outcomes encompass relevant
knowledge, skills, and attitudes for promoting students' scientific
literacy

The PEEC curriculum learning outcomes are appropriate for the
intended grade level

0

Strongly Disagree Disagree

Neither Agree nor Disagree

2 4 6 8 10

Agree Strongly Agree

Figure 7. Degree of agreement of teachers on aspects of the PEEC curriculum.

3.2. PEEC Activities

Regarding teachers’ considerations about the PEEC activities, as presented in Figure 8,
a high degree of agreement can be observed in aspects related to the mobilization of learning
in terms of knowledge, skills, and attitudes/values that the PEEC activities aim to mobilize.
It is prominently noted that the PEEC activities promote the active engagement of children,
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PEEC activities allow for the mobilization of the learning outcomes
outlined in the PEEC curriculum in terms of attitudes and values
PEEC activities allow for the mobilization of the learning outcomes
outlined in the PEEC curriculum in terms of skills
PEEC activities allow for the mobilization of the learning outcomes
outlined in the PEEC curriculum in terms of knowledge
PEEC resources greatly facilitate the preparation and implementation
of activities

facilitate moments of preparation and exploration of activities, and are considered original
and innovative. Less prominently, the appropriateness of PEEC activities for the intended
grade level is highlighted. Overall, PEEC activities are conducive to the development of
the learning outcomes stipulated in the PEEC curriculum and are appropriate and original,
facilitating teachers to prepare activities capable of engaging students actively.

Perceptions of teachers regarding PEEC activities

PEEC activities promote active engagement among children 3 7

PEEC activities and their respective resources are original and

PEEC activities are appropriate for the developmental level of
children in the intended grade

PEEC evaluation games allow for diagnostic, formative, and
summative assessment

innovative

0 2 4 6 8 10

Strongly Disagree Disagree Neither Agree nor Disagree Agree Strongly Agree

Figure 8. Degree of agreement of teachers on aspects of PEEC activities.

3.3. PEEC Evaluation

Regarding teachers’ perceptions of the PEEC evaluation component, summarized
in Figure 9, it was noted that they considered the form automatically sent to their email
accounts upon submission of children’s responses in the assessment game relevant. Most
agree that assessment games can be used for various assessment modalities (diagnostic,
formative, and summative). They also mention that the games are consistent with the
other components of the PEEC, both in terms of activities and curriculum. Regarding the
feedback system included in the game to enable children to monitor their learning, teachers
mostly position themselves at the “agree” level. It can be concluded that digital games
designed for science learning assessment purposes are, from the teachers’ perspective,
useful and versatile regarding the timing and purpose of application.

Perceptions of teachers regarding PEEC evaluation games

The forms with children's results sent via email are useful for the

PEEC digital evaluation games are coherent and contextualized with
what is explored in the school context (PEEC activities)

PEEC digital evaluation games allow children to monitor their
learning through the feedback system for each question

The assessment activities (evaluation games) allow for the evaluation
of the learning outcomes outlined in the PEEC curriculum

teacher

0 2 4 6 8 10

Strongly Disagree Disagree Neither Agree nor Disagree Agree Strongly Agree

Figure 9. Degree of agreement of teachers on aspects of PEEC assessments.
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3.4. Implementation of PEEC

According to the teachers, as depicted in Figure 10, the PEEC activities contributed to
the development of children’s learning in terms of knowledge, skills, and attitudes/values.

Perceptions of teachers regarding the implementation of PEEC

I believe that PEEC activities contributed to the development of

children's attitudes and values = 5
I believe that PEEC activities contributed to the development of ”
children's skills 3
I believe that PEEC activities contributed to the development of 3 7
children's knowledge
0 2 4 6 8 10

Strongly Disagree Disagree Neither Agree nor Disagree Agree Strongly Agree

Figure 10. Degree of agreement of teachers on aspects of PEEC implementation.

3.5. PEEC Project

Figure 11 summarizes the data regarding teachers’ considerations of the PEEC project.
Their recognition of the importance of the PEEC in providing didactic resources to support
their teaching practices and offering activity exploration suggestions that facilitate their
intervention is highlighted. They also mention that they have already used PEEC resources
after completing their collaboration in this project and intend to use them with their classes
in the future and recommend them to other teachers. Most teachers acknowledge the need
for continuous training to enhance their practices in science teaching.

Perceptions of teachers about the PEEC project

Teacher training on the PEEC could facilitate the appropriate
implementation of practical science activities

I believe that the PEEC is very important for supporting my science
teaching practices because it provides didactic resources

I believe that the PEEC is very important for supporting my science
teaching practices because it provides activity planning suggestions

I believe that the PEEC is very important for my science teaching
practices

Iintend to continue using the PEEC in the coming school years il g 6

Even though my collaboration in the study has ended, I am still
using the PEEC with my class

The PEEC facilitates the systematic and contextualized
implementation of practical science activities with my students, and 4 6
I'highly recommend it to other primary school teachers

0 2 4 6 8 10

Strongly Disagree Disagree Neither Agree nor Disagree Agree Strongly Agree

Figure 11. Degree of agreement of teachers on aspects of the PEEC project.
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4. Discussion

The results presented stem from the analysis of the responses of the ten collaborating
teachers in the cycle of the implementation and evaluation of PEEC resources. We asked
the teachers about their perception of the curricular proposal, activities, assessments,
implementations of these educational resources, and the PEEC project in general.

The analyses conducted on the Portuguese science curriculum for primary education
point out specific deficiencies, considering the learning outcomes assessed in TIMSS [55]
and through a comparison of science curricula [6]. Analyses conducted by other authors
mention some gaps in health education [60] and low levels of cognitive demand in the
learning statements present, hindering children’s cognitive progression [61]. This led
to the reconfiguration of the curriculum proposal, resulting in a proposal supported by
an IBSE perspective and STS orientation. Over two academic years, the curriculum was
implemented and evaluated by collaborating teachers. In the final phase, these teachers con-
sidered that this proposal is suitable for the intended age group and capable of promoting
children’s scientific literacy.

Regarding the PEEC activity, an analysis of reports from the Inspectorate General of
Education and Science was carried out within the scope of experimental science education,
which allowed for the characterization of teachers’ practices in primary education, namely,
as sporadic, transmissive, and decontextualized [22]. A plan of action was drawn up to
combat the difficulties experienced by teachers regarding the lack of quality and suitable
resources. In this sense, 120 original activities were developed with didactic resources
to support their implementation (lesson plans, contextualization videos, record sheets,
infographics, posters, interviews, etc.), which is consistent with the curriculum proposal.
Their implementation over two academic years indicated that the resources are appropriate,
original, and helpful in preparing and exploring classroom materials with students, and
the activities promote science learning in terms of knowledge, skills, and attitudes/values.
Two years later, teachers express that the PEEC activities component is original, suitable,
and allows for the development of scientific skills and promotion of the active involvement
of children.

Regarding the PEEC assessment proposal, some relevant aspects recommended in the
scope of science learning assessments [18,34,62,63] are perceived by collaborating teachers
as (i) contextualized assessments with real or realistic situations; (ii) science learning assess-
ments should encompass knowledge, skills, and attitudes/values; (iii) varied assessment
tools and activities; (iv) a diversity of assessment modalities (diagnostic, formative, and
summative); and (v) children’s involvement in the process with constructive feedback. The
use of digital games as an assessment activity has been increasing [64-67]. Teachers value,
similar to the presented results, the immediate feedback [68-70], as well as the storage and
tracking of students’ responses [71,72].

The results of the effect of PEEC implementation on children’s learning corroborate
the findings from the analysis of data obtained from children’s learning assessment records
and responses in the assessment games of the PEEC [73]. Similar studies demonstrate
that science activities promote more and better science learning from the early years of
schooling [74-79] and that starting early influences and fosters a liking for science [10],
legitimizing its relevance, feasibility, and outcomes.

The need for continuous training is recognized by 90% of the participating teachers,
decisively constituting one of the concerns and future interventions to improve teachers’
practices [80,81]. Resistance to change represents one of the main obstacles to a more holistic
education, and this can be countered and overcome with continuous teacher training [82].

The research questions guiding this project focus on two aspects: promoting exper-
imental science teaching in primary education and promoting an assessment for and of
learning that is coherent with IBSE and STS teaching practices. Teachers’ responses reveal
that the curriculum proposals and corresponding activities for their implementation are
conducive to developing children’s scientific literacy. The ability to conduct two implemen-
tation cycles and involve 12 classes each school year allowed for a systematic evaluation of



Educ. Sci. 2024, 14, 782

16 of 22

PEEC resources, which is often cited as a limitation in various studies [79]. Regarding the
assessment proposals for and of children’s learning, teachers believe these allow for the
evaluation of a set of scientific competencies consistent with the curriculum and activity
proposals, aiming for more and better learning.

5. Conclusions

In Portugal, teacher training in science education in the early years and research in
this area are still recent realities, spanning little more than three decades. This may possibly
be one of the reasons why legislative aspects are still in their infancy compared to what is
recommended. Projects within the scope of science education of significant breadth have
been mentioned, highlighting their duration, team, methodologies, purposes, scope, and
products with a common goal: more and better science learning for children. The PEEC
project, despite emerging from a doctoral project, also emerges and is envisioned as an
initiative with a possible national impact.

As the ERD methodology emanates, real educational context problems were identified
with the aim of contributing to their solution through research, simultaneously acting to
find workable solutions in real contexts and to generate scientific knowledge. It can be said
that curricular, teaching, and learning assessment issues were identified as intervention
focuses for the PEEC.

In this article, the evaluation of PEEC from the perspective of collaborating teach-
ers through a questionnaire survey was intended. Through teachers’ responses, it was
ascertained that the PEEC meets the stipulated purposes in its three dimensions, namely,
curricular, activities, and assessments. At the curricular level, teachers consider the sug-
gested learning objectives to be appropriate for the target age group and to be capable
of promoting children’s scientific literacy. Regarding the proposed activities, from the
teachers’ perspective, they provide opportunities for the mobilization of learning at the
level of knowledge, skills, and attitudes and values. Didactic resources, from the teachers’
perspective, are capable of promoting children’s engagement and are suitable for their
proposed grade level. Moreover, teachers also mention that they are original, innova-
tive, and facilitate the preparation and implementation of activities. Regarding PEEC
assessments, specifically the digital game-based assessment activities, teachers consider
them to be consistent with the learning objectives proposed in the curriculum as well as
in the proposed activities. They value the possibility of receiving results by email and
also consider that the game allows students to self-monitor, promoting awareness of their
learning through immediate feedback. Overall, teachers attribute high importance to the
PEEC for its practices, highlighting the planning and resources provided. Teachers con-
tinue and intend to continue using PEEC resources in their classes, and they mention that,
despite their collaboration in this project, training could be useful for a better utilization of
these resources.

In an EDR investigation like this, it is highlighted that in the final phase of a project of
this nature, reflection on the results revolves around three levels [42]. The first concerns
“Scientific outputs: Design principles”, i.e., general guidelines on how the unfolded EDR
research may be applied in the future or decisions for the decision-making of other re-
searchers. The transparent development process was ensured, described in detail through
publications in scientific articles and communications at conferences and congresses in the
field of various project phases.

The second is “Practical outputs: Designed artifact(s)”, i.e., the products resulting from
the research, for example, educational resources that promote a solution to the detected
educational problem. As results of this research, we highlight the development of the PEEC.
A proposal for a primary school science curriculum was created and made available, which
is grounded and consistent with current assumptions [57]. Underlying the curriculum
proposal, a set of didactic resources consisting of 120 science activities to support teachers’
practices was made available. Among these resources, analog games, infographics, videos
with recorded interviews, and proposals for registrations in a free and online format stand
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out [58]. The last is “Societal outputs: Professional development of participants”, i.e., the
implication that the project had on the collaborators. The participating teachers mentioned
that their collaboration in the project was enriching in terms of disciplinary and didactic
content knowledge. Furthermore, most teachers also mentioned using PEEC resources,
which is considered a satisfactory indicator, considering that the scarcity of science practices
in primary schools was one of the problems we set out to mitigate.

Thus, the project presented here aims to influence educational policies in Portugal in
primary education regarding the reconfiguration of curriculum programs and the provision
of PEEC resources to support science teaching for this educational cycle. These resources
could also be used in initial and continuous teacher training, considering that they are
available for use and are subject to research in those contexts. Given the expressed need by
participating teachers for their continuous training, this is one of the future lines we intend
to address. In this way, we intend to continue this project and contribute to the right to
quality science education from the early years of schooling, promoting the development of
scientific literacy for all children.

Author Contributions: Conceptualization, P.C.S. and A.V.R.; methodology, P.C.S., A.VR. and PN.V,;
validation, PN.V,; formal analysis, P.C.S., A.V.R. and PN.V; investigation, P.C.S.; resources, P.C.S.,
A.VR. and PN.V,; data curation, P.C.S.; writing—original draft preparation, P.C.S., A.V.R. and
PN.V.; writing—review and editing, P.C.S., A.VR. and PN.V,; visualization, P.C.S., A.V.R. and
PN.V,; supervision, A.V.R. and PN.V. All authors have read and agreed to the published version of
the manuscript.

Funding: This work is financially supported by: (i) National Funds through FCT—Fundagao para
a Ciéncia e a Tecnologia, I.P., under the project UIDB/00194 /2020 of 1&D CIDTFF (University of
Aveiro—Portugal); (ii) Fundagao para a Ciéncia e Tecnologia L.P. with a PhD grant (SFRH/BD/
143370/2019), through the European Social Fund and Human Capital Operational Program.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Comissao Permanente para os Assuntos de Investigagao (CPAI) of
Universidade de Aveiro (protocol code 11-CED/2021, 7 July 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data used for this study are available upon request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Hurd, P.D. Inventing Science Education for the New Millennium; Teachers College Press: New York, NY, USA, 1997.

2. Venturine, C.; Malaquias, I. Histéria Da Ciéncia, Educacao STEAM e Literacia Cientifica: Possiveis Intersec¢oes [History of
Science, STEAM Education and Scientific Literacy: Possible Intersections]. Hist. Ciénc. Ensino: Construindo Interfaces 2022, 25,
196-208. [CrossRef]

3. UNESCO. Transforming Our World: The 2030 Agenda for Sustainable Development; A /RES/70/1; UNESCO: Paris, France, 2015.
Available online: https:/ /sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%
20Development%20web.pdf (accessed on 3 June 2024).

4. Cardoso, M.J.C.; Scarpa, D.L. Diagnoéstico de Elementos do Ensino de Ciéncias por Investigacao (DEEnCI): Uma Ferramenta de
Analise de Propostas de Ensino Investigativas [Diagnosis of Elements of Science Teaching by Investigation (DEEnCI): A Tool for
Analysis of Investigative Teaching Proposals]. Rev. Bras. Pesqui. Educ. Ciénc. 2018, 18, 1025-1059. [CrossRef]

5. Schwartz, R.S.; Crawford, B.A. Authentic Scientific Inquiry as Context for Teaching Nature of Science: Identifying Critical
Element. In Scientific Inquiry and Nature of Science: Implications for Teaching, Learning, and Teacher Education; Flick, L.B., Lederman,
N.G,, Eds.; Springer: Dordrecht, The Netherlands, 2006; Volume 25, pp. 331-355. [CrossRef]

6. Silva, PC,; Rodrigues, A.V.; Vicente, PN. Curriculo de ciéncias para o ensino primario: Uma analise comparativa entre Portugal,
Inglaterra, Estados Unidos, Australia e Singapura [Science curriculum for primary education: A comparative analysis between
Portugal, England, United States, Australia and Singapore]. Educ. Policy Anal. Arch. 2023, 31. [CrossRef]

7. Rodrigues, A.V,; Silva, P.C.; Martins, I.P. Science Education in the Early Years: Paths and Challenges in Portugal. In Science
Teaching in Primary School: Theoretical Essays and Experiences from American, Asian and European Researchers; Viveiro, A., Zancul,
M.C.d.S., Rocha, M.C.d., Eds.; Editora FE-Unicamp: Campinas, Brazil, 2024; pp. 24-56.


https://doi.org/10.23925/2178-2911.2022v25espp196-208
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://doi.org/10.28976/1984-2686rbpec20181831025
https://doi.org/10.1007/978-1-4020-5814-1_16
https://doi.org/10.14507/epaa.31.8192

Educ. Sci. 2024, 14, 782 18 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Correia, M.; Freire, A. La influencia de un programa de formacién en las concepciones de profesores de primaria sobre trabajo
practico [The Influence of an In-Service Programme on Primary Teachers Conceptions about Practical Work]. Rev. Electron.
Interuniv. Form. Profr. 2016, 19, 259-271.

Rodrigues, I.; Oliveira, M.C.; Marques, C.M.C. A importancia do ensino experimental na formagao continua de professores do 1°
CEB [The importance of experimental teaching in the continuous training of teachers in the 1st cycle of basic education (CEB)].
Rev. Interacgoes 2015, 11, 204-217. [CrossRef]

Rodrigues, A.V.; Oliveira, D.; Souza, V.M.d.; Piacentini, V. Perspectiva integrada de educagao em ciéncias: Percep¢oes de alunos,
professores e pais [Integrated perspective of science education: Perceptions of students, teachers and parents]. Investig. Ensino
Ciénc. 2022, 27, 136-163. [CrossRef]

Costa, C.; Martins, I.P. Educacao em ciéncias no primeiro ciclo do ensino basico para desenvolvimento sustentavel [Science
education in the first cycle of basic education for sustainable development]. Indagatio Didact. 2016, 8, 30—45. [CrossRef]

Martins, I.P. Educagao CTS/CTSA ainda é tema para discussao? [Is CTS/CTSA education still a topic for discussion?]. Rev. CTS.
2022, 17, 123-129. Awvailable online: https://www.revistacts.net/contenido/numero-numero-50/educacao-cts-ctsa-ainda-e-
tema-para-discussao/ (accessed on 3 June 2024).

Bretes, S.; Correia, M. Concegoes e préticas de educadores de infancia e de professores do 1.° ciclo acerca do ensino experimental
das ciéncias [Conceptions and practices of early childhood educators and 1st cycle teachers regarding experimental science
teaching]. Rev. UI_IPSantarém 2018, 6, 21-36. [CrossRef]

Quinta e Costa, M.; Rosa, M.J.; Ferreira, V. Caracterizacgao da pratica das Ciéncias no Ensino Basico—1° Ciclo [Characterization of
the practice of Science in Basic Education—1st Cycle]. Cadernos Estudo. 2006, 4, 85-91. Available online: http://repositorio.esepf.
pt/handle/20.500.11796/893 (accessed on 3 June 2024).

Gongalves, C.D.; Valadas, S.; Freire, A M. Percepgoes de Duas Professoras do 1° Ciclo Sobre Actividades Preconizadas No EEC [Perceptions
of Two Elementary School Teachers on Activities Recommended in the EEC]; Universidade do Minho: Braga, Portugal, 2011; Volume 14.
Mira, S.; Linhares, E. A visao de ciéncias e do trabalho dos cientistas por criangas e professores do 1.° CEB [The vision of
science and the work of scientists by children and teachers from the 1st cycle of basic education (CEB)]. In Da Prdtica de Ensino
Supervisionada a Investigagio na Educagio Pré-Escolar e no Ensino Bdsico [From Supervised Teaching Practice to Research in Early Childhood
Education and Elementary Education]; Instituto Politécnico de Santarém—UI_IPS/ESE: Santarém, Brazil, 2020; pp. 127-145.
Torres, J.; Vasconcelos, C. Natureza da ciéncia e modelos cientificos: Um estudo com futuros professores do ensino basico [Nature
of science and scientific models: A study with future elementary school teachers]. Rev. Interacgoes 2015, 11, 460-471. [CrossRef]
IGEC. Gestio do Curriculo: Ensino Experimental das Ciéncias—Relatorio 2015 [Curriculum Management: Experimental Science Teaching—
2015 Report]; Inspegao-Geral da Educagao e Ciéncia: Lisbon, Portugal, 2017. Available online: https://www.igec.mec.pt/upload/
Relatorios/GCEE_2015_relatorio.pdf (accessed on 3 June 2024).

IGEC. Gestio do Curriculo: Ensino Experimental das Ciéncias—Relatorio 2016 [Curriculum Management: Experimental Science Teaching—
2016 Report]; Inspegao-Geral da Educacao e Ciéncia: Lisbon, Portugal, 2018. Available online: https://www.igec.mec.pt/upload/
Relatorios/GC_EEC_2016_RELATORIO.pdf (accessed on 3 June 2024).

IGEC. Gestio do Curriculo: Ensino Experimental das Ciéncias—Relatorio 2017 [Curriculum Management: Experimental Science Teaching—
2017 Report]; Inspegao-Geral da Educagao e Ciéncia: Lisbon, Portugal, 2019. Available online: https://www.igec.mec.pt/upload/
Relatorios/GC_EEC_2017_RELATORIO.pdf (accessed on 3 June 2024).

IGEC. Gestio do Curriculo: Ensino Experimental das Ciéncias—Relatorio 2018 [Curriculum Management: Experimental Science Teaching—
2018 Report]; Inspegao-Geral da Educagao e Ciéncia: Lisbon, Portugal, 2020. Available online: https://www.igec.mec.pt/upload/
Relatorios/ GCEEC2018.pdf (accessed on 3 June 2024).

Silva, P.; Rodrigues, A.; Vicente, P. Praticas de Ensino Experimental Das Ciéncias No 1.° Ciclo Do Ensino Basico Em Portugal:
Uma Anélise Dos Relatérios Da Inspegao-Geral Da Educagéo e Ciéncia [Experimental Science Teaching practices in the 1%t Cycle
of Basic Education in Portugal: An analysis of the reports of the General Inspectorate of Education and Science]. Praxis Educativa
2023, 18, 1-22. [CrossRef]

Ferreira, S.; Saraiva, L. Complexity of Practical Work in Portuguese Primary Science Textbooks. Investig. Ensino Ciénc. 2021, 26,
281-297. [CrossRef]

Duarte, A.; Nunes, A.; Tavares, J.; Mota, M.; Venancio, T. TIMSS 2019—Portugal: Resultados a Matemitica e a Ciéncias—4.° Ano
[TIMSS 2019—Portugal: Results in Mathematics and Science—4th Year]; Instituto de Avaliacao Educativa: Lisbon, Portugal, 2020.
Available online: https://www.cnedu.pt/content/noticias/internacional / TIMSS2019_Volume_1.pdf (accessed on 3 June 2024).
Duarte, A.; Nunes, A.; Vasconcelos, A.; Mota, M.; Cabral, M.; Rodrigues, M. PISA 2022—Portugal: Relatorio Nacional [PISA
2022—Portugal: National Report]; Instituto de Avaliagdo Educativa: Lisbon, Portugal, 2023. Available online: https:/ /iave.pt/wp-
content/uploads/2023/12 /Relatorio-Final-1.pdf (accessed on 3 June 2024).

European Commission; EACEA; Eurydice. Increasing Achievement and Motivation in Mathematics and Science Learn-
ing in Schools; Eurydice Report; Publications Office of the European Union: Luxembourg, 2022. Available online:
https:/ /eurydice.eacea.ec.europa.eu/sites/default/files /2022-06 / Increasing_achievement_and_motivation_in_mathematics_
and_science_learning_in_schools.pdf (accessed on 3 June 2024).

Simoes, P. Provas de Aferigio do Ensino Bdsico 2023—Resultados Nacionais [Elementary Education Assessment Tests 2023—National
Results]; Instituto de Avaliagao Educativa: Lisbon, Portugal, 2023. Available online: https:/ /iave.pt/wp-content/uploads/2024
/01/Relat%C3%B3rio-Provas-de-Aferi%C3%A7%C3%A30_Resultados-Nacionais_2023.pdf (accessed on 3 June 2024).


https://doi.org/10.25755/int.8732
https://doi.org/10.22600/1518-8795.ienci2022v27n3p136
https://doi.org/10.34624/id.v8i1.3070
https://www.revistacts.net/contenido/numero-numero-50/educacao-cts-ctsa-ainda-e-tema-para-discussao/
https://www.revistacts.net/contenido/numero-numero-50/educacao-cts-ctsa-ainda-e-tema-para-discussao/
https://doi.org/10.25746/ruiips.v6.i1.16104
http://repositorio.esepf.pt/handle/20.500.11796/893
http://repositorio.esepf.pt/handle/20.500.11796/893
https://doi.org/10.25755/int.8752
https://www.igec.mec.pt/upload/Relatorios/GCEE_2015_relatorio.pdf
https://www.igec.mec.pt/upload/Relatorios/GCEE_2015_relatorio.pdf
https://www.igec.mec.pt/upload/Relatorios/GC_EEC_2016_RELATORIO.pdf
https://www.igec.mec.pt/upload/Relatorios/GC_EEC_2016_RELATORIO.pdf
https://www.igec.mec.pt/upload/Relatorios/GC_EEC_2017_RELATORIO.pdf
https://www.igec.mec.pt/upload/Relatorios/GC_EEC_2017_RELATORIO.pdf
https://www.igec.mec.pt/upload/Relatorios/GCEEC2018.pdf
https://www.igec.mec.pt/upload/Relatorios/GCEEC2018.pdf
https://doi.org/10.5212/PraxEduc.v.18.21358.062
https://doi.org/10.22600/1518-8795.ienci2021v26n3p281
https://www.cnedu.pt/content/noticias/internacional/TIMSS2019_Volume_1.pdf
https://iave.pt/wp-content/uploads/2023/12/Relatorio-Final-1.pdf
https://iave.pt/wp-content/uploads/2023/12/Relatorio-Final-1.pdf
https://eurydice.eacea.ec.europa.eu/sites/default/files/2022-06/Increasing_achievement_and_motivation_in_mathematics_and_science_learning_in_schools.pdf
https://eurydice.eacea.ec.europa.eu/sites/default/files/2022-06/Increasing_achievement_and_motivation_in_mathematics_and_science_learning_in_schools.pdf
https://iave.pt/wp-content/uploads/2024/01/Relat%C3%B3rio-Provas-de-Aferi%C3%A7%C3%A3o_Resultados-Nacionais_2023.pdf
https://iave.pt/wp-content/uploads/2024/01/Relat%C3%B3rio-Provas-de-Aferi%C3%A7%C3%A3o_Resultados-Nacionais_2023.pdf

Educ. Sci. 2024, 14, 782 19 of 22

28.

29.

30.

31.

32.

33.

34.

35.

Simoes, P; Pires, R. Provas de Aferigio do Ensino Bdsico 2022—Resultados Nacionais [Elementary Education Assessment Tests 2022—
National Results]; Instituto de Avaliagao Educativa: Lisbon, Portugal, 2022. Available online: https://iave.pt/wp-content/
uploads/2022/12/Relatorio-Provas-de-Afericao_Resultados-Nacionais_2022_Final.pdf (accessed on 3 June 2024).

IAVE. Resultados Nacionais Das Provas de Aferigio—2017 [National Measurement Test Results—2017]; Instituto de Avaliacao Educativa:
Lisbon, Portugal, 2017.

TAVE. Resultados Nacionais Das Provas de Aferigio—2018 [National Measurement Test Results—2018]; Instituto de Avaliacao Educativa:
Lisbon, Portugal, 2018.

da Blindorro, J.I.; Correia, M. Conceg¢des Alternativas em Astronomia em Alunos do 1° Ciclo do Ensino Basico [Alternative
Conceptions in Astronomy in 1st Cycle Elementary School Students]. In Da Pritica de Ensino Supervisionada a Investigagio na
Educagio Pré-Escolar e no Ensino Bdsico [From Supervised Teaching Practice to Research in Early Childhood Education and Elementary
Education]; Instituto Politécnico de Santarém—UI_IPS/ESE: Santarém, Brazil, 2020; pp. 113-126.

OECD. Creating Effective Teaching and Learning Environments: First Results from TALIS; OECD, Ed.; Teaching and learning
international survey; OECD: Paris, France, 2009.

Reis, P. Desafios a Educagao em Ciéncias em Tempos Conturbados [Challenges to Science Education in Troubled Times]. Ciénc.
Educ. 2021, 27, €21000. [CrossRef]

Cachapuz, A. Educacao em ciéncias: Contributos para a mudanga [Science education: Contributions to change]. Rev. Vitr. Cogit.
2022, 3, 64-80. [CrossRef]

Vieira, R.M.; Tenreiro-Vieira, C.; Martins, I.P. A Educagio Em Ciéncias Com Orientacido CTS: Atividades Para o Ensino Bdsico [Science
Education with a CTS Orientation: Activities for Primary Education]; Areal Editores: Porto, Portugal, 2011.


https://iave.pt/wp-content/uploads/2022/12/Relatorio-Provas-de-Afericao_Resultados-Nacionais_2022_Final.pdf
https://iave.pt/wp-content/uploads/2022/12/Relatorio-Provas-de-Afericao_Resultados-Nacionais_2022_Final.pdf
https://doi.org/10.1590/1516-731320210000
https://doi.org/10.4025/rvc.v3i2.65705

Educ. Sci. 2024, 14, 782 20 of 22

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

Silva Almeida Neves Ferreira, M.; Marlene Moreira, P.; Marques Vieira, R. Avaliagao das aprendizagens dos alunos do 1° CEB:
Impacte do programa de formagao em ensino experimental das ciéncias [Assessment of Student Learning in the 1st Cycle of Basic
Education: Impact of the Training Program in Experimental Science Teaching]. In Ensefianza de las Ciencias: Revista de investigacion
y experiencias diddcticas, Proceedings of the VIII Congreso Internacional sobre Investigacion en Diddctica de las Ciencias, Barcelona, Spain,
2-5 September 2009; UAB: Barcelona, Spain, 2009; pp. 1332-1336.

Rodrigues, A.; Peixinho, J.P; Silva, P.C. Recursos Educativos Digitais Para o Ensino Basico: Partilha de Experiéncias, Desafios e
Reflexdes Para o Futuro [Digital Educational Resources for Primary Education: Sharing Experiences, Challenges, and Reflections
for the Future]. Boletim da AIA-CTS, 30 March 2023; 38-42.

Design-Based Research Collective. Design-Based Research: An Emerging Paradigm for Educational Inquiry. Educ. Res. 2003, 32,
5-8. [CrossRef]

Reeves, T. Design Research from a Technology Perspective. In Educational Design Research; Routledge: London, UK, 2006;
Volume 1.

Van Den Akker, J. Principles and Methods of Development Research. In Design Methodology and Developmental Research in
Education and Training; Van Den Akker, J., Branch, R.M., Gustafson, K., Nieveen, N., Plomp, T., Eds.; Kluwer Academic Publishers:
Dordrecht, The Netherlands, 1999; pp. 1-14. [CrossRef]

Plomp, T. Educational Design Research: An Introduction. In Educational Design Research; SLO: Amersfoort, The Netherlands, 2013;
Volume 2, pp. 10-51.

Herrington, J.; McKenney, S.; Reeves, T.; Oliver, R. Design-Based Research and Doctoral Students: Guidelines for Preparing a
Dissertation Proposal. In Proceedings of World Conference on Educational Multimedia, Hypermedia and Telecommunications; AACE:
Chesapeake, VA, USA, 2007; pp. 4089-4097.

Sandoval, W. Educational Design Research in the 21st Century. In Handbook of Design in Educational Technology; Routledge: London,
UK, 2013; pp. 388-396.

da Silva Cabral de Carvalho, A.R. A Mentoria entre Pares e o Seu Impacte No Processo de Aprendizagem de Alunos Mentores
em Modelo Mediado Pelas Tecnologias Digitais [Peer Mentoring and Its Impact on the Learning Process of Mentor Students
in a Model Mediated by Digital Technologies]. Ph.D. Thesis, Universidade de Aveiro, Aveiro, Portugal, 2023. Available online:
https:/ /ria.ua.pt/handle/10773/36622 (accessed on 3 June 2024).

Joao, PM.N. Ensinar Ciéncias ao Longo do Ensino Bésico: Desenvolvimento Sustentavel e Atividades Praticas Sobre Solos
[Teaching Science Throughout Primary Education: Sustainable Development and Practical Activities on Soils]. Ph.D. Thesis,
Universidade de Aveiro, Aveiro, Portugal, 2023. Available online: https://ria.ua.pt/handle/10773/37323 (accessed on 3 June
2024).

Machado, M.A M. Inclua: Programa Piloto para a Participagao de Pessoas com Dificuldades Intelectuais e Desenvolvimentais
no Ensino Superior [Pilot Program for the Participation of People with Intellectual and Developmental Disabilities in Higher
Education]. Ph.D. Thesis, Universidade de Aveiro, Aveiro, Portugal, 2022. Available online: https:/ /ria.ua.pt/handle/10773/34
952 (accessed on 3 June 2024).

Peixinho, J.I.P. Desenvolvimento de um Manual Escolar Digital de Estudo do Meio: Para uma Educagao em Ciéncias Com
Orientacao CTS/PC [Development of a Digital Textbook for Environmental Studies: For Science Education with CTS/PC
Orientation]. Ph.D. Thesis, Universidade de Aveiro, Aveiro, Portugal, 2018. Available online: https://ria.ua.pt/handle/10773/24
085 (accessed on 3 June 2024).

Peixoto, E.M.R. Utilizagao do Transmedia No Ensino das Geociéncias [Use of Transmedia in the Teaching of Geosciences]. Ph.D.
Thesis, Universidade de Aveiro, Aveiro, Portugal, 2022. Available online: https:/ /ria.ua.pt/handle/10773 /33394 (accessed on 3
June 2024).

Ribeiro, EF. Atividades de Ciéncias para o 1° CEB de Cariz CTS Suportadas Pelo Uso de Ferramentas e Servigos Online [Science
Activities for the 1st Cycle of Basic Education with a CTS Approach Supported by the Use of Online Tools and Services]. Ph.D.
Thesis, Universidade de Aveiro, Aveiro, Portugal, 2018. Available online: https:/ /ria.ua.pt/handle/10773 /25821 (accessed on 3
June 2024).

Tavares, R.EV. Aplicagao Movel para Educagao em Ciéncias Integrando um Framework de Exploragao de Dados Educacionais
[Mobile Application for Science Education Integrating a Framework for Educational Data Exploration]. Ph.D. Thesis, Universidade
de Aveiro, Aveiro, Portugal, 2021. Available online: https://ria.ua.pt/handle/10773 /31037 (accessed on 3 June 2024).
Anderson, T.; Shattuck, J. Design-Based Research: A Decade of Progress in Education Research? Educ. Res. 2012, 41, 16-25.
[CrossRef]

McKenney, S.; Reeves, T. Conducting Educational Design Research; Routledge: London, UK, 2019.

van den Akker, J.; Gravemeijer, K.; McKenney, S.; Nieveen, N. Introducing Educational Design Research. In Educational Design
Research; Routledge: London, UK; pp. 1-8.

Nieveen, N.; Folmer, E. Formative Evaluation in Educational Design Research. In Educational Design Research—Part A: An
introduction; SLO: Dordrecht, The Netherlands, 2013; pp. 152-169.

Silva, P.C.; Rodrigues, A.V.; Vicente, P. Aprendizagens Essenciais Do Curriculo Portugués e Aprendizagens Previstas No TIMSS
2019: Encontros e Desencontros [Essential Learnings of the Portuguese Curriculum and Learnings Expected in TIMSS 2019:
Convergences and Divergences]. In Educagdo em Ciéncias: Interagoes e Desafios; Escola Superior de Educagao do Politécnico de
Coimbra (ESEC/IPC): Coimbra, Portugal, 2021; pp. 268-271.


https://doi.org/10.3102/0013189X032001005
https://doi.org/10.1007/978-94-011-4255-7_1
https://ria.ua.pt/handle/10773/36622
https://ria.ua.pt/handle/10773/37323
https://ria.ua.pt/handle/10773/34952
https://ria.ua.pt/handle/10773/34952
https://ria.ua.pt/handle/10773/24085
https://ria.ua.pt/handle/10773/24085
https://ria.ua.pt/handle/10773/33394
https://ria.ua.pt/handle/10773/25821
https://ria.ua.pt/handle/10773/31037
https://doi.org/10.3102/0013189X11428813

Educ. Sci. 2024, 14, 782 21 of 22

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

69.
70.

71.
72.

73.

74.

75.

76.

77.

78.

McKenney, S. Researcher—Practitioner Collaboration in Educational Design Research: Processes, Roles, Values, and Expectations.
In Reflections on the Learning Sciences; Packer, M.]., Evans, M.A., Sawyer, R.K,, Eds.; Current Perspectives in Social and Behavioral
Sciences; Cambridge University Press: Cambridge, UK, 2016; pp. 155-188. [CrossRef]

Silva, P.C.; Rodrigues, A.V. Desenvolvimento de uma proposta curricular de ciéncias para os primeiros anos de escolaridade:
Fundamentos, processo e produto [Development of a Science Curriculum Proposal for the Early Years of Schooling: Foundations,
Process, and Product]. Rev. Online Polit. Gest. Educ. 2023, €023072. [CrossRef]

Silva, P.C.; Rodrigues, A. Ciclo de Desenvolvimento Das Atividades Do PEEC: Andlise, Desenho, Implementacao, Avaliagao e
Redesenho [Development Cycle of PEEC Activities: Analysis, Design, Implementation, Evaluation, and Redesign]. In Moving on
Towards ‘New Normal’ In Education - ICEM2022 Conference: Book of Abstracts; IPSantarém: Santarém, 2022; pp. 171-172.
Bernardo, I. Educational Design Research. In Reflexdes em torno de Metodologias de Investigagio: Métodos; UA Editora: Aveiro,
Portugal, 2021; Volume 1, pp. 65-79. [CrossRef]

do Nascimento Ramos, A.C.; Mota, M.d.L.P,; Guerra, C.V.; 54, CM. A educagao para a satide nos primeiros anos de escolari-dade
em Portugal: Uma perspetivaa partir dos documentos curriculares oficiais portugueses [Health Education in the Early Years of
Schooling in Portugal: A Perspective from Official Portuguese Curriculum Documents]. Investig. Ensino Ciénc. 2023, 28, 176-189.
[CrossRef]

Leite, T.; Valente, B. A exigéncia cognitiva do curriculo dos primeiros anos de escolaridade em Portugal: Uma andlise comparativa
[The Cognitive Demand of the Curriculum for the Early Years of Schooling in Portugal: A Comparative Analysis]. Rev. Lusofona
Educ. 2024, 61, 29-47. [CrossRef]

Harlen, W. Assessment & Inquiry-Based Science Education: Issues in Policy and Practice; Bell, D., Dolin, J., Léna, P, Peers, S., Person,
X., Rowell, P, Saltiel, E., Eds.; Global Network of Science Academies & Science Education Programme: Trieste, Italy, 2013.
Sousa, M.T.; Santos, L. Avaliar para aprender em ciéncias experimentais [Assessing to Learn in Experimental Sciences]. Rev. Port.
Educ. 2022, 35, 190-210. [CrossRef]

Burmich, A.; Mashkin, O.; Stepanova, N. The Role of Game-Based Assessment for the Enhancement of Learning. In The World of
Games: Technologies for Experimenting, Thinking, Learning; Bylieva, D., Nordmann, A., Eds.; Springer Nature: Cham, Switzerland,
2023; pp. 356-369. [CrossRef]

Mdlalose, N.N.; Ramaila, S. Using Kahoot! As a Formative Assessment Tool in Science Teacher Education. Int. . High. Educ. 2021,
11, 43-51. [CrossRef]

Udeozor, C.; Abegao, FR.; Glassey, ]. Measuring Learning in Digital Games: Applying a Game-based Assessment Framework.
Brit J. Educ. Tech. 2024, 55, 957-991. [CrossRef]

Sad, S.N.; Ozer, N. Using Kahoot! As a Gamified Formative Assessment Tool: A Case Study. IJARE 2019, 5, 43-57. [CrossRef]
Widyaningrum, B.W. The Use of Kahoot! As Formative Assessment in Education. Indones. |. Engl. Lang. Stud. (IJELS) 2019, 5,
75-84. [CrossRef]

Iman, N.; Ramli, M.; Saridewi, N. Kahoot as an Assessment Tools: Students’ Perception of Game-Based Learning Platform. J.
Penelit. Pembelajaran IPA 2021, 7, 245-259. [CrossRef]

Cetin, H.S. Implementation of the Digital Assessment Tool Kahoot in Elementary School. ITE] 2018, 2, 9-20.

Darwesh, D.A.M. Concepts of Serious Game In Education. Int. J. Eng. Comput. Sci. 2015, 4, 15229-15232. [CrossRef]

Pereira, W.S.; Cysneiros, G.; Aguiar, Y.P.C. Diretrizes Para o Desenvolvimento de Serious Games: Um Mapeamento Sistematico
Da Literatura [Guidelines for the Development of Serious Games: A Systematic Literature Mapping]. In Proceedings of the Anais
do XXX Simpésio Brasileiro de Informatica na Educacao (SBIE 2019), Brasilia, Brazil, 11-14 November 2019; Sociedade Brasileira
de Computacao (SBC): Brasilia, Brazil, 2019; pp. 714-722. [CrossRef]

Silva, P.C.; Rodrigues, A.V.; Vicente, PN. Assessment of Science Learning by Elementary School Children through Digital Games.
In II Encontro Supervisio e Avaliagio na Vida das Escolas, V International Seminar on Science Education; Escola Superior de Educagao
do Instituto Politécnico de Castelo Branco/Associagao Portuguesa de Educacao em Ciéncias: Castelo Branco, Portugal, 2022; pp.
57-58.

Clemente, M.R,; Vieira, R.M.; Martins, F. Educagao para o Desenvolvimento Sustentdvel no 1° Ciclo do Ensino Basico — propostas
didécticas no &mbito das ciéncias [Education for Sustainable Development in the 1st Cycle of Basic Education — Didactic Proposals
in the Field of Sciences]. Indagatio Didact. 2010, 2, 5-42. [CrossRef]

Paixao, F,; Jorge, ER.; Martins, H. Uma atividade criativa com luz e sombra no 1° Ciclo do Ensino Basico [A Creative Activity
with Light and Shadow in the 1st Cycle of Basic Education]. Indagatio Didact. 2012, 4, 203-225. [CrossRef]

Sousa, L.; Neves, C.; Paulo, E.; Martins, R.; Pascoinho, J.C. Ciéncias experimentais no 1.° ciclo do ensino basico [Experimental
Sciences in the 1st Cycle of Basic Education]. Exedra: Rev. Cient. 2019, 1, 195-207.

Ferro, V.; Linhares, E. Cidadania e bem-estar animal no 1.° e 2.° Ciclo do Ensino basico: Estudos de caso com o modelo dos 7E
[Citizenship and Animal Welfare in the 1st and 2nd Cycles of Basic Education: Case Studies Using the 7E Model]. In A Investigagio
na Formagdo Inicial de Professores; Instituto Politécnico de Santarém, Escola Superior de Educagao: Santarém, Brazil, 2022; Volume
1, pp. 177-192.

Silva, M.; Tenreiro-Vieira, C. Educagao para o Desenvolvimento Sustentavel: Atividades com orientagao CTS/ PC no 1.° CEB
[Education for Sustainable Development: Activities with CTS/PC Orientation in the 1st Cycle of Basic Education]. Indagatio
Didact. 2015, 7, 96-114. [CrossRef]


https://doi.org/10.1017/CBO9781107707221.008
https://doi.org/10.22633/rpge.v27i00.18275
https://doi.org/10.34624/hmtj-qg49
https://doi.org/10.22600/1518-8795.ienci2023v28n1p176
https://doi.org/10.24140/issn.1645-7250.rle61.02
https://doi.org/10.21814/rpe.21275
https://doi.org/10.1007/978-3-031-48020-1_27
https://doi.org/10.5430/ijhe.v11n2p43
https://doi.org/10.1111/bjet.13407
https://doi.org/10.17985/ijare.645584
https://doi.org/10.24071/ijels.v5i2.2862
https://doi.org/10.30870/jppi.v7i2.8304
https://doi.org/10.18535/Ijecs/v4i12.25
https://doi.org/10.5753/cbie.sbie.2019.714
https://doi.org/10.34624/id.v2i1.4575
https://doi.org/10.34624/id.v4i1.4244
https://doi.org/10.34624/id.v7i1.2620

Educ. Sci. 2024, 14, 782 22 of 22

79.

80.

81.

82.

Correia, J.; Guerra, C. “Separa que o Planeta Repara”: Proposta de uma sequéncia diddtica sobre separacao de residuos solidos
['Sort for the Planet to Recover": Proposal for a Didactic Sequence on Solid Waste Separation]. Indagatio Didact. 2019, 11, 301-323.
[CrossRef]

Cachapuz, A. Bolonha 2017. In Educagio Superior e Formagdo de Professores: Questoes Atuais; Edigoes Hipoteses: Sao Paulo, Brazil,
2017; pp. 29-41.

Leite, L.; Dourado, L.; Morgado, S. Formagao Continua de Professores de Ciéncias, Em Portugal: Desafios e Formas de Os Superar
[Continuous Professional Development of Science Teachers in Portugal: Challenges and Ways to Overcome Them]. In Formagao
Inicial e Continuada de Professores de Ciéncias: O Que Se Pesquisa No Brasil, Portugal e Espanha; Edigoes Hipoteses: Sao Paulo, Brazil,
2018; pp. 235-256.

Santana, R.S.; Franzolin, F. O Ensino de Ciéncias por investigacao e os desafios da implementac¢ao na praxis dos professores
Teaching Science through Inquiry and the Challenges of Implementation in Teacher Practice]. Rev. Ensino Ciénc. Mat. 2018, 9,
218-237. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.34624/id.v11i4.10645
https://doi.org/10.26843/rencima.v9i3.1427

	Introduction 
	Materials and Methods 
	The Educational Design Research Approach 

	Results and Discussion 
	PEEC Curriculum 
	PEEC Activities 
	PEEC Evaluation 
	Implementation of PEEC 
	PEEC Project 

	Discussion 
	Conclusions 
	References

