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EXECUTIVE SUMMARY
This study presents the state of the art in relation to open science schooling (OSS) pedagogical
approach to science learning from the perspective of the implementation of the Erasmus+ Young Students as
Critical Science Detectives (YSCSD). Here we aim at summarizing the experiences of schools, teachers, and
students from four different European countries from the standpoint of the following aspects:
• Accumulation of practical implementation of the open science schooling pedagogical approach:
challenges and new opportunities for research on the OSS methodology
• Students building their identity as critical science detectives
Students’ re-engagement in science learning as critical science detectives through self-awareness of social
issues

Page |3

INNOVATION AND IMPACT
Key Findings

KEY FINDING #1 – BUILDING STUDENTS’
SCIENCE IDENTITY

KEY FINDING #2 – ACHIEVING REENGAGEMENT IN SCIENCE LEARNING

KEY FINDING #3 – TRANSFERRING LESSONS
LEARNED TO OTHER SCHOOLS

The outcomes of the first study supported
the relevance of the OSS approach for
strengthening students’ science identity
through learning involving the community.
All the related experiences to science
allowed students to explore different
images of what science is and how they can
apply scientific skills in real-life situations,
involving students in building a broader
perspective of science identity.

The outcomes of the second study revealed
that participants’ impressions of the
science mission consisted of special
moments in which they had the
opportunity to try something new, to
engage in long-term and innovative
activities, to go beyond textbooks and
classroom walls, to have a taste of applying
science in the real-world and develop skills
they value and believe they will use for the
rest of their lives.

In general, open science schooling is an
alternative pedagogical approach that
cannot be fully implemented in the school
curriculum without school preparation and
stakeholders’ training on a varied aspects
of what is to learn in this approach:
students take the lead on their learning,
teachers need to learn how to guide and
support students in the learning process;
schools become a community center where
people can look at their surroundings and
try to improve their life conditions through
scientific approaches.
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INTRODUCTION
Extensive literature has already reported how students recognize that traditional science learning in the classroom is very rigid and does not
respond to the challenges of society and the interests of students (Montero et al., 2019). In Europe, the school’s science curriculum has generally
been designed to focus on science concepts and skills that more often than not are relevant to a selected part of students who might be interested
in following a career in science (Ryan, 2015). This excludes, however, students who could benefit from developing science literacy regardless of
their career interests. However, the science curriculum as currently designed and implemented in the classroom leaves little room for the
development of scientific literacy through problem-based and context-oriented pedagogies that present relevance, challenges, and authenticity
to attract and engage students’ interest and curiosity, even for those who may not choose a science career path (OECD, 2008). As a consequence,
more school students lose their interest in science learning and scientific literacy, leading to a shortage of professionals in science careers,
particularly in Europe (CEDEFOP, 2016).
According to Siarova et al. (2019, p.13) on their research for the European CULT Committee,

Scientific literacy goes beyond the mere knowledge of scientific content. It can be understood
as the ability to engage with science-related issues and with the ideas of science in a social
context as a reflective citizen […] The development of scientific literacy is closely linked with
other educational goals such as increasing the levels of media literacy, acquiring global
competence and promoting competences for active citizenship.
A scientifically literate person is defined as one who has the capacity to understand, experiment, reason as well as interpret scientific facts and
their meaning; ask, find, or determine answers to questions derived from curiosity about everyday experiences; read articles with understanding
of science in the popular press and engage in social conversation about the validity of the conclusions; among other competences needed to
navigate every day and real-world phenomena (Siarova et al., 2019).
Given the reported state of cognitive and affective disengagement with science learning in youth (Cowie et al., 2011; Murray et al., 2004) due, in
part, to a disconnection between school learning activities and young people lived experience together with the increasing demand for science
related professionals in Europe (CEDEFOP, 2016), it is fundamental to find innovative ways to re-engage students in science learning by
incorporating scientific practices and ways of thinking as part of a life-long learning strategy to create responsible citizens.

Page |5
To tackle the abovementioned issue, starting in 2020, a consortium of educators, researchers, and students, as part of a European endeavor, have
deployed an Open Science Schooling (OSS) project in Greece, Lithuania, Poland, and Romania, in which students are active agents at the heart of
inquiry-oriented science learning. In the OSS project, students identify and frame the research problems that they are intrigued and interested in
tackling, and they lead the discovery of solutions and innovations, helping situate science in every-day life. We believe that such a framework of
science education for responsible citizenship, which contributes to solving social problems in the learners' own context, can work as an educational
setting that re-engages students with science by incorporating scientific practices and ways of thinking, i.e., developing a science identity (Ryan,
2015).
Some attempts for implementing innovative and contextually relevant science learning approaches have been described as study cases in the
literature (see for instance Boullion & Gomez, 2001). Teachers worldwide have attempted to shift science education from isolated theoretical
concepts towards teaching science literacy by engaging students in relevant, contextual, problem-based understanding of science, during which
the assessment is much broader than theoretical and conceptual exams, and where students’ sources of knowledge are activated and put into
use, bringing students outside the school walls. According to Linn et al. (2003, p.526), “Designing contexts for problems that connect to students’
personal concerns can motivate students to reconsider and revisit their ideas long after science class is over.” Such approaches have a holistic view
of science learning and students’ growth for supporting the development of students’ science identity.
in Europe, a varied of projects have started implementing these ideas under the umbrella concept of Open science schooling (OSS). OSS “refers to
learning undertaken outside the formal classroom in order to generate alternative and deep learning experiences. This form of learning is meant
to be an attractive way to gain competences and life skills as well as to ensure a comprehensive approach to learning in partnership with society.”
(Montero et al., 2019).
The OSS methodology is an excellent example of a shift in science education, less focused on conceptual learning and more directed to a holistic
approach to science in which students develop science literacy and even a science identity. Research has suggested that science identity goes
beyond a student willing to become 'a scientist', to also involving students understanding of what scientific practices, discourses and norms are
from their own social experiences in school, family and friendship circles (Brown, 2004). As Cowie et al (2011, p.350) pointed out

Conceptualising learning as the transformation of identity moves beyond a concern with what students know and have
learned to consider how students view themselves in relation to science and the extent to which they have developed a
commitment to and see value in science in the short and long term.
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In addition, being recognized as a person who applies scientific practices, discourses and norms is also considered to be part of one’s science
identity. Therefore, students must feel themselves to be a scientist and feel recognized by significant others as a scientist (Kim et al., 2018). VincentRuz and Schunn (2018) pointed out the role of science identity in driving students’ choice to pursue science experiences in- and out-of-school, and
ultimately a professional science career (McDonald et al., 2019).
Following the Open Science Schooling methodology (Montero et al., 2019) , students, teachers and the surrounding school communities from
Greece, Lithuania, Poland and Romania participated in an Erasmus+ funded project, in which they implemented the OSS methodology. The project
was named Young Students as Critical Science Detectives (YSCSD) and the project stakeholders received guidance on developing science missions
throughout the years 2020 and 2022. The students from the four participant countries developed their science missions and investigations related
to local societal issues of their interest in collaboration with their teachers (cross-subject topics) and community experts (e.g., local enterprises,
universities, research centers) with frequent hands-on investigations outside their classrooms or laboratories (often carried out using online
platforms for virtual communications).
This Intellectual Output reports on the experiences and results of the YSCSD project in three main themes:

1. The Open Science Schooling methodology and its
accumulation of practical implementation experiences of
such a pedagogical approach
2. The Study 1, which presents the impact of the YSCSD
project on Romanian students’ building their science
identity
3. The Study 2, which presents the shared reflections of
students and teachers about how the YSCSD project
supported students building their critical views on science
learning
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THE OPEN SCIENCE SCHOOLING METHODOLOGY
Starting in 2020, a consortium of educators, researchers, and students, as part of a European endeavor, have deployed an Open Science Schooling
(OSS) project in Greece, Lithuania, Poland, and Romania, in which students are active agents at the heart of inquiry-oriented science learning. In
the OSS project, students identify and frame the research problems that they are intrigued and interested in tackling, and they lead the discovery
of solutions and innovations, helping situate science in every-day life. We believe that such a framework of science education for responsible
citizenship, which contributes to solving social problems in the learners' own context, can work as an educational setting that re-engages students
with science by incorporating scientific practices and ways of thinking, i.e., by developing a science identity (Ryan, 2015).
In this project called Young Students as Critical Science Detectives (YSCSD), secondary school students worked in teams to engage or re-engage in
science learning through an OSS approach; the students engaged in real-time and real-life science challenges in physical and virtual communities.
The science engagement methodology included originally four progression elements. This methodology and its progression ensured that the
project built its results on solid and authentic student team practice from the science engagement missions:

Open Science Schooling Processes (click the image for more details)
Calkin Suero Montero 2021©, reprinted with permission
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P

ROBLEM

C

ONTEXTUALIZATION. Students are engaged in understanding what are the real problems that affect their local community and

how science can offer support to understand and meliorate the situation. In order to understand the problems students are prompted to involve
the local community as collaborators in their investigations, including research and innovation centers, industries, NGOs, and other social
stakeholders. The result of this phase is a selected problem that students’ teams will work on.

K

NOWLEDGE AND

I

MPLEMENTATION. Once a problem has been selected to be tackled, students receive training and information on demand

from schoolteachers and other stakeholders from the local community as well as from their own investigations. This invites the acquisition of
digital literacy skills, cross-subject matter and cross-disciplinary knowledge as well as the development of self-regulation, collaboration and
communication skills, cultural awareness, creativity and problem-solving efficacy. Here the students benefit from learning through a variety of
practice-oriented work forms that support different learning style and practically test and implement their solutions.

D

OCUMENTATION AND

S

ELF-REGULATION. The students are encouraged to keep a record of their process and involvement on their

projects. This serves the students as a tool for self-reflection on the work accomplished and provides them with a narrative of their experiences
and gives them the opportunity to understand how their learning experience is progressing, what they have so far achieved and what else they
need to do/learn to complete their work.

S

HARING AND

R

EFLECTING. The students are also encouraged to share their experiences and solutions with peers in their schools and also

with their local community. The sharing can take place online, e.g., through websites and social media, at scientific conferences, through ebooks,
etc. The sharing and reflecting process is fundamental and can occur at any time during the learning experience – through this process the students
internalise the knowledge and skills acquire and are ready to let others know what they know.
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These pedagogical processes are not necessarily carried out in a linear progression - several of them might at times take place in
parallel as the students progress in their learning experience.

I

N SUM, students from the four participant countries developed their science missions and investigations related to local societal issues of their

interest in collaboration with their teachers (cross-subject topics) and community experts (e.g., local enterprises, universities, research centers)
with frequent hands-on investigations outside their classrooms or laboratories (often carried out using online platforms for virtual
communications).
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EACHERS’

R

ESOURCES AND

P

RACTICAL

E

XAMPLES

Below you find examples of the science missions developed by the student teams of each country (click each corresponding image), with the
support of their teachers and in partnership with community stakeholders. We also offer a free template to support students and teachers with
the methodological development and implementation of students’ missions.
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The YSCSD project created useful knowledge from the students’ practice and built other intellectual outputs (IO) from
which a new OSS Model (IO.1), a Video documentary (IO.2), and a Policy Paper (IO.3) have been created.
The Critical Science Detectives Model (IO.1) is a
guidance collection for secondary schools and
their science teachers on how to integrate the
critical science detective’s method in the science
curricula. Below you find the general model
picture, from where you can click and go to the
website in which all its principles, steps and
methods are featured in detail. Click on the
picture on the left to explore it further in the
project website!

The Video Documentary I am a science detective – r u? (IO.2) represents the student
teams’ and teachers’ joint movie featuring how they (re)engaged into science learning
through the critical science missions. Click on the picture on the right to explore it
further in the project website!

And finally, the Policy Paper The Future of Science Learning and Innovation (IO.4) identified the key challenges to science learning
innovation based on the positive and negative experiences from the YSCSD project, recommending research needs in the near future
to make OSS model a reality at the European level. Click on the icon on the left to explore it further in the project website!
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STUDY 1
CASE STUDY: ROMANIAN STUDENTS BUILDING SCIENCE IDENTITY
CONTEXT
The student team identified community problems related to the high levels of pollution in their home city (Craiova). From March to December
2020, they identified the major sources of pollution in the city, made experiments, elaborated written materials, and produced informative videos.
They also engaged with their municipality (major’s office) to express their concerns and report the results of their pollution level testing in different
areas of their city. The practical application of an open science schooling didactical approach shows promising results towards fostering a strong
science identity among the students who have developed the science mission.
METHODS
This study adopted a pre- and post-intervention research design
[10] in which data was collected from the students in March 2020
(pre-test) and December 2020 (post-test), comprising the first
round of implementation of the science mission. The purpose was
to identify if and to what extend the OSS methodology impacted
the students' self-image as a scientist, how they perceived their
teachers’ recognition of them as a scientist, and how these factors
relate to each other over time.
In this study, we present data from the Romanian students (n=8,
15-17 years old, 2 boys) who participated in the design,
development, and implementation of their science missions
through open science schooling. The instrument used was the
STEM Professional Identity Overlap measure [8], adapted for the
purpose of this study. The instrument is composed of a set of circle
pairs with seven varying levels of overlap (from 1, a pair with no
overlapping circles to 7, a pair with circles almost completely
overlapping on each other). The participants were asked to
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identify the overlapping circle pairs that best represents the degree to which they perceive the image they have of themselves compared to that
of a scientist in relation to: 1) what a scientist is, 2) what scientist's competences are, and 3) the extent to which they think their teachers see their
identity as overlapping with that of a scientist.

Repeated measures t-tests were conducted on the item average scores in order to assess if there was an increase in the scores after completing
their science mission, within the OSS methodology. Additionally, paired correlations between each of the items at both times (pre-test: March
2020 and post-test: December 2020) were applied in order to determine how they relate to each other over time.
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RESULTS
The descriptive statistics featured students’ ratings of their self-image as a scientist (Pre: M=4.50, SD=1.07; Post: M=5.13, SD=1.24; t(7)= -1.93,
p=.09, d= .68); their competence as a scientist (Pre: M=3.75, SD=1.28; Post: M=5.38, SD=1.06; t(7)= -3.87, p=.00, d= 1.36); and their perception of
teachers’ recognition of them as a scientist (Pre: M=4.25, SD=1.28; Post: M=4.88, SD=.99; t(7)= -2.37, p=.05, d= .84). Additionally, t-tests results
showed a statistically significant increase in scores from pre- to post-test for all items except self-image as a scientist. Furthermore, the factors
significantly relate to each other over time. Students’ self perceived science competence in March positively correlated with students’ self-image
as a scientist by December (r=.91, p=.001), and students’ self-image as a scientist in March also influenced students’ self-perceived science
competence in December (r=.94, p=.00). This result implies that engaging students in practical science learning experiences through OSS missions
can enhance students’ perception of their science learning and ability and their science identity. To support these perceptions, the OSS
methodology engages students in carefully documenting and reflecting on the progress of their missions (e.g., through learning diaries, blogs,
portfolios and videos of activities).
Finally, students who perceived that
their teachers see them as a scientist
in March had stronger self-image as a
scientist in December (r=.78, p=.02).
Therefore, everyday practices that
reinforce students' perception of their
teachers' confidence in their science
learning and ability (e.g. praising
efforts and opening science-related
discussions), develop scientific (e.g.
critical thinking) and science-related
(e.g. ethical questioning) ways of
thinking), and reinforce their potential
to pursue a science profession (e.g.
presenting students with different
career options) can support students
in developing their image as a
scientist.
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The outcomes of this case study support the relevance of the OSS approach for
strengthening students’ science identity through learning involving the community.
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KEY TAKEAWAYS AND RECOMMENDATIONS
Takeaway #1
The YSCSD OSS positively impacted the images of science
related to students.
Recommendation: Let us spread the word about the OSS
methodology with other teachers and schools.
Takeaway #2
There is a strong relationship between students’ self image
of knowing science and being a scientist. In other words,
knowing science strengthens being a scientist later.
Recommendation: Engaging students in knowing and
applying science (cognitive and skills) and assuring that
students perceive that they are learning, that they know
more and that they can do more than before. Examples:
self-assessment, learning diary, portfolios.
Takeaway #3
There is a strong relationship between students’ self image
of knowing science and being a scientist. Being a scientist
strengthens knowing science later.
Recommendation: Expanding the students’ understanding
of who is a scientist, so they break the limits of stereotypes

(e.g. wearing a white coat) and start to thinking science and
to be a scientist broadly (political scientist, gaming scientist,
food scientist etc.). Examples: interviewing and visiting
non-traditional scientists.
Takeaway #4
Initially, knowing and being are not correlated. Later, they
are.
Recommendation: Engaging students in knowing and
applying science and reminding these practices as a way of
thinking and being a scientist
Takeaway #5
Students’ positive perceptions of their teachers’
perceptions of them as scientists strengthens their own
image as a scientist later.
Recommendation: Everyday practices that reinforce how
teachers believe that their students are learning science
(e.g. praising, opening science-related discussions),
developing science-related ways of thinking (e.g. critical
thinking, ethical discussions), and have the potential to
pursue a science profession (e.g. checking students’ career
choices).
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STUDY 2
STUDENTS AND TEACHERS’ CRITICAL VIEWS ON SCIENCE LEARNING
THROUGH THE YSCSD PROJECT
CONTEXT
Little real experience on Open Science Schooling (OSS) has been produced from authentic and full-scaled initiatives across Europe. What we know
is that such science approach can create considerable difficulties for secondary schools as school curricula are much too tight and stiff to allow
implementation of contextualized, experiential, and real-life science schooling. Most schools therefore hesitate to engage in such science learning
innovation. This situation leaves serious knowledge shortages resulting in unsatisfactory and less attractive guidance to schools and science
teachers.
What are needed in this situation are science schooling approaches that appears REALISTIC to the schools and the science teachers and can be
EASILY EITHER INTEGRATED IN THE SCIENCE CURRICULA OR ALTERNATIVELY CARRIED OUT IN PARALLEL TO THE SCIENCE CURRICULA. This study
reports on the research developments undertaken during the YSCSD project to implement systematically an OSS approach capable to re-engage
young students in science learning.
Research goals
We aimed to understand what differentiates an OSS methodology from a traditional science classroom setting, how teachers can support students
on implementing their science missions and if/how this learning approach can be implemented in other schools.

METHODS
We collected data from 29 students (11-16 years old, 17 female) and 9 teachers (37-56 years old, five female) across four European countries.
Both students and teachers participated at least in one round of the project, i.e., they took part in the activities from one to two years.
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The students’ profile (grade, age, gender) varied according to the countries and their respective classes taught by the teachers who participated
in the project consortium. The student groups thus constituted a convenient sample based on the students’ voluntary decision to participate in
the project. Six students from Lithuania, three from Greece, ten from Romania, and ten from Poland respectively participated in the data collection
process (N=29), attending from grade 7 to 10 according to the K-12 system.
The teachers also had different profiles in each country. While Romania and Lithuania had only female teachers; Greece had only male teachers;
and Poland represented both genders. The teachers also varied in age, with participants from 37 to 56 years old. The tables 1 and 2 feature the
general students and teachers’ profiles.
Table 1. Students’ general profile
Country

N students

Romania

10

15 to 16

Poland

10

Lithuania
Greece

Table 2. Teachers’ general profile

Age variance Grade

Gender

Country

N teachers Age variance Grade

Gender

9th

7 girls

Romania

2

53

9th

2 women

11 to 15

7th and 8th

7 girls

Poland

3

54, 57, 56

7th and 8th

2 men

6

12 to 16

7th and 10th

2 girls

Lithuania

2

42 and 47

7th and 10th

2 women

3

14

8th

1 girl

Greece

2

37 and 48

8th

2 men

Data collection
Asynchronous semi-structured interviews were implemented to the participants of each partner country, both in their native language as well as
in English. Students and teachers received the questions, and they could answer them at their own time and pace during a period of time along
the science missions. The interviews comprehended a varied set of questions based on the research goals, asked to the participants in different
stages of the project.
The interviews had different formats: online surveys, power point slides with open-ended questions, and questions in a cloud-based infinite and
shared board. The participants also answered the questions in different formats: some participants added their input in the shared infinite board,
others recorded videos of themselves to answer the questions, or answered the online questionnaire, shared their answers through emails, wordor google docs files in the cloud. The answers that were recorded in video format were transcribed and added to the written answers, compounding
the research corpus text to be analyzed.
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Data analysis
All the answers were gathered in an excel sheet in which the complete text corpus was analyzed with a thematic coding system. An initial thematic
coding system was developed based on the main goals of the research, as previously elaborated by the project consortium. Based on continuous
revisions of the coding system, we organized a thematic codebook in the following way:
a. Open Science Schooling: critical views on the science missions
b. Becoming Science Detectives: guiding student teams to identify community problems
c. New Science Learning Model: attractive to other schools
RESULTS
The frequency distribution of the individual codes, considering all the participants, featured a range of 56 to 295. The codes featured the following
order of appearances in the students’ and teachers’ voices: “critical views on the science missions” was the code with most of appearances (f=295),
followed by “guiding student teams to identify community problems” (f=86), and followed by “attractive to average schools and/or realistic to
implement” (f=56).
The findings are presented according to the three groups of codes, organized by country (Greece, Lithuania, Poland, and Romania) and by group
of participants (students and teachers).
Open Science Schooling: critical views on the science missions
In Greece, students highlighted that the project was an “unprecedent experience that avoided the monotony of the routine”, and it “kept the
challenges to learn new things and become more aware to learn science, involving classmates to exchange ideas”. The fact that learning science
was “fun” and “satisfying” was represented in students’ voices as something new and remarkably interesting, that kept them engaged in the
activities. Such engagement was a result of the fact that the students themselves could choose what kind of scientific problem they would work
during their science missions. By selecting something that was of their interest, the OSS approach positions students in the center of the learning
process as drivers of the whole education process. This is reflected in the following quote by a Greek student: “We were responsible for what we
wanted to learn, and we did not just wait for our teacher to ‘teach’ us.”
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In addition, students found particularly refreshing the opportunity to work with
people from outside their school. The “outsider participants” were mainly students
from the other school partners across Europe, or their local community partners, as
illustrated in the following quote: “Excited, because we got the chance to hear
different voices and ideas and ways of thinking and to interact with people from other
communities” (Greek student).
The teachers, complementarily, highlighted how this OSS approach is different from
the routine classroom teaching, because it is centered and driven by students:
“Actually in this project we don't teach. We are managing the students in order to
discover knowledge themselves. So, it is a deviation of standard teaching procedure.
The teacher should be transformed from the traditional role of the carrier of the
knowledge to a knowledge manager” (Greek teacher).
The teachers also assumed a broader perspective in implementing the OSS project,
such as an education reform that is more connected to students’ needs, citizenship
building and development of students as personal growth: “the main objectives of this
project are to remodel schools to create learning environments which inspire all young
people to unlock hidden talents and reach their full potential.”. A Greek teacher
reflected about this topic regarding the difficulty of promoting critical thinking in
students in traditional classrooms, while the OSS methodology is an opportunity to
boost it …

… because the students can see from real person that working with science
from a company or another job, they can talk to them and the science they
learn in school matters, and it can be useful for them in the future (Greek
teacher).
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In Lithuania, students demonstrated their general satisfaction with
the project thanks to the opportunity to “step away from the
textbook and outside of the traditional classroom” (Lithuanian
student). While some students expressed their general excitement
about the project, other students were hopeful that this project will
inspire other teachers to implement it in their respective lessons, as
reflected in this quote: “what we did and how we changed our
approach to science can be the future of the way we learn now”
(Lithuanian student).
The fact that the missions supported hands-on learning and
students had the chance to try out and experiment their scientific
solutions to the problems they were tackling, boosted student
memorization of scientific procedures and cognitive learning, as
one of the students pointed out: “we have so much more practical
opportunities, experiments, which help us to memorize things
better than reading it from a book” (Lithuanian student).
The teachers in Lithuania also assumed a student-driven approach
to the science missions. From their experiences, student learning
“became active, up to date, more often intentional, goal oriented,
involving and interestingly planned” (Lithuanian teacher). Such
testimonials point out to the fact that the innovative activities
implemented during the project was also a refreshing opportunity
for teachers to move out from their classroom routine and
experiment something new.
In Poland, students emphasized their central role on implementing
the science missions. One of the most important differences that
students pointed out between learning science in the traditional
classroom and in the OSS project was the fact that “we don't get
marks in the diary, so I'm not afraid to make mistakes” (Polish
student), or as another student said: “it's less stressful than
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classroom teaching because we don’t get marks” (Polish student). These students are assessing their own learning performance and providing
critical views on the education system they are inserted. Students also differentiated this project from the traditional classroom teaching by the
fairness and equality climate felt during the project, which is not the same than in the classroom: “everyone is treated equally and fairly in the
project, we're not stressed by anything”.
Having the opportunity to learn with such different and meaningful experiences seemed to call students to voice their dissatisfaction regarding
the actual school system and now they see how it could be better, taking the OSS project as a reference. Moreover, such a critical view about
education is not new, but still very powerful when it comes from the students’ experience. It is already a common understanding that making
mistakes is an essential part of any learning process. The grading and testing pattern of the current schooling system puts grade performance as
the most important achievement of student life (instead of learning itself), and the fear of getting bad grades damages the whole learning process,
since students get too stressed and are less willing to make questions or mistakes at the risk of losing face in front of teachers and peers and
getting lower grades in exams.
The Polish teachers also emphasized the student centeredness as a core characteristic and innovativeness of the project that benefits both
students and teachers. From the teacher perspective, the project gives the opportunity for “other interesting relationships to be formed”, which
is only possible thanks to the flexibility that the project gives to the teacher work. “While working with the OSS method, the most interesting and
desirable value for me is flexibility, the ability to adjust the content by the teacher” (Polish teacher). This reveals how the teachers are craving for
more space and time to be able to plan and implement teaching activities that come from the teachers’ assessment and students’ needs and
interests, instead of being constantly conformed by the school curriculum demands. Additionally, the project experiences contrast with the
traditional science classroom on the activating of students learning, which does not happen in the classroom, when teachers are more active and
students passively listening to what is said.
Finally, in Romania, students had high expectations for the project, such as to “learn new things about science and how to use it in real life and
also how to communicate and work with a team” (Romanian student). Such expectations were met, when they reported that “we learn how to
use the information in the real world, how to communicate and work with other people, and apply in a practical way all the information” (Romanian
student). This impression is reported by many Romanian students, who emphasized the hands-on learning aspect, the social relevance of their
science mission, and how it boosted their cognitive learning. The students also reported how they felt that their school was ready to become an
agent of change and bring innovation to the local community, as indicated in the following quote: “My school can easily guide science innovations
because we like to discover new things” (Romanian student).
For the Romanian teachers, the project was innovative for bringing science to the every-day life of their students, motivating them in learning
through discovery, with an important feature of making space for students’ creativity on their learning process. A teacher reported that the project
allowed students to situate their learning within the contextual needs of their community: “OSS primarily encourages students to find connections
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outside the school in order to understand science contextually in society. […] They are working on creating strategic partnership and looking for
experts in different fields that they could collaborate with and bring forth their knowledge and innovative ideas and solutions” (Romanian teacher).

Becoming Science Detectives: guiding student teams to identify community problems
In Greece, students believe they had an impact on their community through the activities they developed in their science missions. They reported
great satisfaction on the fact that they needed to communicate and collaborate with out-of-school partners to develop something that would have
an impact on real-life problems: “we got surprised about how good partnership we had and how good communication. We had amazing ideas and
as a result we did something good” (Greek student).
On the other side, the teachers believe that they managed to help students “use the knowledge they already had and combine it with something
new, to create something that could be used in these difficult pandemic times”, for the benefit of the community. In other words, they supported
students in working on real life problems, in which “they have to find their own solutions. So, they try to use critical thinking and teamwork in
order to figure out the solution of the problem” (Greek teacher). The teachers have also listed a series of strategies to support students in detecting
community problems and trying to solve them, such as hosting classroom debates, supporting students develop their ow views on classroom topic,
continuous assessment, and linking conceptual questions with reading and information sources.
While the Lithuanian students have not reported any relevant topic regarding their guidance on detecting community problems, the teachers
indicated that they needed to have a specific session to support students on this stage of their mission: “Before the brainstorming of the science
mission, the students simply did not have a possibility to bring it to reality” (Lithuanian teacher). On the following moment, however, they indicated
that their “students have become science detectives. They detected the environmental problem of recycling rubbish. They felt capable of initiating
the important deed. They initiated the positive change in the local environment” (Lithuanian teacher).
In Poland, the students reported different activities to communicate with the community and understand its problems, such as interviewing people
and promoting actions in social media. The Polish teachers, then, explained how they went beyond typical classroom activities to identify
“problems, topics which are in the real interest of students and are also important for the local community or even from the global perspective”.
They simplified the identification of community problems in the following way:

We defined our activities by considering three things:
1. by identifying the local problems,
2. the students chose the topics, which they found interesting,
3. the school, the teachers and our local community, we could support our students to investigate.
(Polish teacher)
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In addition, it is important to stress that teachers have a
relevant role here in scaffolding students at this stage,
providing guidance, resources, research strategies and
teamwork collaboration in order for students to identify
relevant problems that they are interested and capable to
tackle.
In Romania, the students recognized how their teachers
and the whole school supported them in connecting what
they learned with the problems faced by their surrounding
community. As a result, students reported to be satisfied in
working with the missions they were involved and involving
other stakeholders in the process, because they were able
to see a clear connection with the community problems
and they felt they were contributing to solve them.
The Romanian teachers confirmed students’ perspectives
by reporting how much they tried to involve “students in
discoveries by taking the role of science detectives”
(Romanian teacher), motivating them and talking about the
relevance of tackling community problems with scientific
practices. They were confident that the project would “enable the students involved to become more aware of the everyday problems the
community they live in and with the help of science find reliable solutions” (Romanian teacher). The teachers considered that one of the useful
activities involved in the missions was also to raise the interest of the community to the problems that were affecting their everyday lives.

New Science Learning Model: attractive to other schools
In Greece, the teachers expressed different ways of how OSS can be implemented elsewhere. A Greek teacher summarized his opinion with the
following quote: “OSS is a complementary model of schooling, which uses a range of flexible approaches, based on open and distance learning,
to provide structured teaching and learning opportunities. That kind of practice addresses the challenges of our school youth without having a
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disruptive effect on mainstream schooling. Both systems can work symbiotically and can benefit from each other. There is no perfect model
for OSS; individual countries can tailor the model to match their priorities” (Greek teacher).
The Greek teachers also stressed the importance of letting the students taking control of their learning process with the needed support to
guarantee that the project works well. The Greek teachers implemented the OSS methodology taking other similar pedagogical approaches into
consideration, such as service-learning, which “combines classroom learning goals and community service in a way that benefits both the student
and the community” (Greek teacher).
Greek teachers were quite aware of the demands and challenges that OSS methodology has for the teacher work, as expressed by one of the
teachers: “OSS projects require from the school teachers to learn to work in a different way than they traditionally do work. This is the main
prerequisite. Other than that, the teachers have also to convince the students' families about the effectiveness of the OSS methodology in science
education” (Greek teacher). Besides considerable teacher effort in changing their conception and approach to teaching, time management is a
relevant factor to consider when teachers start implementing it. “The way that teachers think and make tasks in class is different, so the teacher
has to be patient to give time and space to students work and implement the OSS in the best way” (Greek teacher).
The Greek teachers reported that the OSS methodology is attractive for them because when they see the reaction of their students during the
class, they are happier, and this motivates them. Another motivating aspect is the fact that OSS is a great opportunity for professional
development, although they also reported how this can be difficult and time consuming: “I can say is also difficult for me to forget the old way of
teaching science to students, it is quite difficult to change the way of teaching and becoming a facilitator of the teaching. it was difficult to let the
students produce their own way of learning instead of just teach them the way they should learn” (Greek teacher).
In Lithuania, students contributed to the discussion by reporting that “it feels refreshing, that OSS provides a venue for a different approach to
things, a refreshing way to approach science and other disciplines and maybe could spark the students’ curiosity more, which is a positive thing”
(Lithuanian student). Other students reported how OSS “makes” science learning more accessible, helping to focus more on the learning process:
“I don’t really get a lot of attention in the science class and OSS allows me to fill that gap” (Lithuanian student).
The teachers, on the other side, reported how OSS benefits the teaching, the school, and the learning of students in many ways: “It has changed
our approach towards teaching, it has stimulated appearing of new methods, techniques, ways of communication with students and parents”
(Lithuanian teacher). The teachers have also tried to integrate the OSS method in other subjects other than science, such as Art, English,
Technologies. They found curricula topics that they could work with the students and applied the OSS method to it.
In Poland, only teachers expressed an opinion on how OSS expands the teaching possibilities beyond the curriculum framework and how it benefits
students learning, as the following quote illustrates: “the issue areas are not limited by the rigid framework of the core curriculum. Working and
cooperating in groups allows you to use the strengths of the participants” (Polish teacher).
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A Polish teacher also highlighted the fact that a project such as the OSS “needs a lot of work and engagement to make it successful” and
consequently, “it is not possible to implement it in schools without the needed investment and preparations” (Polish teacher). They actually faced
an initial lack of interest and engagement from the school authorities in supporting the science mission project, as well as from community partners
interested in their activities.
The Polish teachers also reflected on the challenges that a project such as OSS methodology brings to students, considering its differences to the
traditional method of teaching and learning science: “It's sometimes difficult for students to combine the responsibilities related to subject
education with those arising from the project implementation. Another obstacle or requirement is the specificity of the teacher's work in such a
project. It requires him to be very flexible and creative. The students too” (Polish teacher).
In Romania, students focused their opinion on how
OSS increases their interest and activity on science
learning, being one of the main benefits of
implementing it in many school settings. The students
reported that OSS, with its variety of practical
activities, social aspect of group work and interacting
with external stakeholders is the way that science and
technology should be taught for making science more
accessible to students and the community. One of the
Romanian students shared his long-term view of the
relevance and impact of the project to the community:
“the students from my school are the next adult
generation in my town so it's important the way my
school is forming us” (Romanian student).
The Romanian teachers expressed their opinion more
on the fact that transferability of OSS to the traditional
school setting will happen through modelling, i.e.
teachers observing OSS teachers and trying to
implement similar activities in their own classrooms.
The most attractive factor of OSS is its innovativeness,
which brings a positive impact on the student learning.

P a g e | 27

KEY TAKEAWAYS AND RECOMMENDATIONS
Takeaway #1
The participants described how the science mission activities consisted of special moments in which they had the opportunity
to try something new, to engage in long-term and innovative activities, to go beyond textbooks and classroom walls, to have
a taste of applying science in the real-world and develop skills they value and believe they will use for the rest of their lives.
As a consequence, participants also reported how they developed critical views on their science missions, especially regarding
the impact they had on their school community and on their own learning.
Recommendation: Students appreciate and get more engaged in learning science when it is connected to a real-world
problem and they are in the center of solving a case.
Takeaway #2
Although the OSS methodology puts the students as drivers of their learning process, teachers still need to play the role of
mentors, guiding students through the whole process of identifying the science mission that they want to work on, helping
students apply scientific ways to solve the issues and supporting students along the challenges and problems they will face
when crossing the limits of the classroom walls.
Recommendation: Teachers need more flexibility and autonomy to be able to implement the OSS methodology, at the same
time that teachers also need training and support on shifting their traditional teacher-centered way of teaching to a more
student-centered learning approach. For that, the school administration must be involved in the implementation of the OSS
methodology from the start, by allowing for curriculum flexibility, supporting teacher training, and communicating with
families about the changes in the education format of science learning.
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CONCLUSION
This study reported experiences and lessons learned from the
implementation of the Erasmus+ Young Students as Critical Science
Detectives (YSCSD). After the implementation and collective
knowledge building produced by all stakeholders, we conclude that ..
In addition, to complement the understanding of the impact and
future implications of the open science schooling methodology, we
highly recommend the reading of the POLICY PAPER generated
from the experiences along the project.

1. The OSS methodology strengthens students’ science identity and supports
students’ (re)engagement in science learning by allowing them to explore different
images of science identities and how they can apply science skills in real-life settings.
2. Both students and teachers who participated in the YSCSD project regard it as an
opportunity to try something new, to engage in long-term, authentic, and innovative
science activities, to develop skills they value for using them in their lives, and to go
beyond the traditional way of teaching and learning within
3. Schools need to prepare carefully for implementing OSS approach by increasing the
curriculum flexibility and teachers’ autonomy, by providing teachers with the needed
training, and by communicating to the families about changes in science learning.
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