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reached in wave 2
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1 Introduction

Learning can potentially take place anywhere and anytime - so how do the learners the
SySTEM 2020 project targets, connect with science, if at all? Work Package 3 - EXAMINE
investigates individual STEAM learning ecologies of young learners between age 9 and 20. The
core of this endeavour is formed by a longitudinal survey specifically developed by the ZSI-
team leading on the WP 3. The development of the instrument, testing and data collection was
an ongoing collaboration process with all involved 19 SySTEM 2020 practice partners; 8 main
partners and 11 third parties. The longitudinal data provides insights on the development of
STEAM learning ecologies over the period of one year and provides significant insights into
persisting structural inequalities that shape the science learning ecologies of the investigated
children, teenagers and young adults.

The SySTEM 2020 guestionnaire investigates the learning ecologies of young learners across
all educational levels in 17 different countries distributed all over Europe and Israel/Palestine.

In investigating learning ecologies, the SySTEM 2020 projects strongly builds on the efforts of
two already finished projects:

(1) The ASPIRES project was a five-year study conducted by Louise Archer and
colleagues and funded by the UK’s Economic and Social Research Council to explore
science aspirations and engagement in sciences among 10 to 14 year olds based on a
quantitative online survey and longitudinal interviews with a sub-sample of students
and parents (Archer Ker et al. 2013).

(2) The Synergies project was conducted by John Falk, Lynn Dierking, Nancy Staus,
Jennifer Wyld, Deborah Bailey, and William Penuel in the context of funding by Noyce
and Lemelson Foundations as well as the National Science Foundation. The project
investigates STEM learning of a single cohort in Parkrose, an under-resourced
community in Portland, Oregon, US, with the goal to measurably improve STEM
learning, interest and participation of these learners in early adolescence. Amongst
agent based modelling, mapping activities and in-depth family interviews a
longitudinal paper-based survey was conducted (Falk, Staus, et al. 2016).

In total, this deliverable of the SySTEM 2020 project reports on 2204 collected unique surveys,
whereas 736 participants have answered longitudinally, i.e. two surveys, 732 participants only
answered one survey either in wave 1 or in wave 2.

1.1 Objectives of this deliverable

Deliverable 3.2 reports on the whole data collection and analysis process happening in the
framework of WP3 EXAMINE and Task 6.2 of WP6 EVALUATE.

Doing so, first the analytical framework of the research is presented, summarising the state of
the art of researching in- and non-formal science learning and the findings of previous studies
in and outside of Europe. As a next step the research design of the SySTEM2020 specific
questionnaire is described in a detailed manner starting with the target group, the survey has
been developed for, i.e. the sampling strategy. The usability testing of the survey is elaborated
to then delve into the specific way the survey is organised, the longitudinal survey design and
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the operationalisation of concepts. Afterwards, the results of the descriptive and exploratory
analyses of the surveys are reported with a specific focus on science equity.

Ethical considerations underlying the research process were already introduced in detail in
D3.1 and are - as an updated version - included of the Annex of the deliverable at hand (see
chapter 9.1). All survey versions are further, as well as a detailed table of results are further
included in the Annex (sections 10.2f).

1.2 Objectives and research questions of the

survey

The main interest of this survey is to investigate individual learning ecologies in all the spaces
they extend to, whereas a focus is put on in and non-formal learning outside of the classroom.
Together with all 19 partner locations, local strengths and specific audiences are included to
come up with a heterogeneous sample which allows for cross-national multivariate statistical
analyses over time.

The longitudinal questionnaires hence provide for:
(1) A cross-sectional, interpersonal analysis investigating the individual responses of the

learners posing the following questions:

*

Who are the learners that participated in our survey?

*

How do the learners' learning ecologies look like?

*

How do socio-demographics influence the way learners connect with STEAM?

(2) A longitudinal intrapersonal analysis, connecting the data of wave 1and wave 2 enabling to
answer the following research questions:

* Do learning ecologies change over time?
How does the learners' relationship with science change over time?

Is the influence of socio-demographic variables declining, exacerbating or
stable over time at the level of the respondents?
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2 Analytical Framework

In line with the project's overall focus on equitable STEAM learning, the analytical framework
is guided by considerations of equity and hence questions of accessibility, inclusion, and
diversity in science learning (see D6.3 and D4.1).

The approach taken by the SySTEM 2020 project is based on the conception of learning
ecologies as a network of connected “physical settings, social interactions, value systems, and
histories” (Bevan 2016, 3) in which learning takes place over time. In the framework of this
socio-cultural and spatial settings, learners construct their own stable, yet also changing
STEAM learning ecologies through educational experiences in and across formal and non-
formal settings.

The following section introduces the different components of the analytical framework behind
the SySTEM 2020 survey. First, the specific focus on learning, interest development and
science interest development are elaborated. Second, the socio-cultural embedding of
science learning is looked at and lastly findings from earlier studies on science learning with a
focus on specific socio-demographic variables are summarised.

2.1 Learning, the development of interest,

and empirical evidence of science learning

Learning is potentially ubiquitous, happening anywhere anytime, including specific
experiences made over the course of one’s lifetime (Bell, Shouse, and Feder 2009). A multi-
facetted process requires versatile approaches for investigation. In general, learning can be
examined using perspectives focussing on the individual (related cognitive, emotional and
behavioural processes), the places of learning (physical spaces as well as the
institutionalisation of settings) and the socio-cultural embedding of learning (D2.1; Bell,
Shouse, and Feder 2009; Stecher 2005).

The theoretical lens chosen in the SYSTEM 2020 project perceives learning as cognitive,
behavioural and emotional process that is socio-culturally embedded (D2.1, D3.1)(Brown,
Kapros, and Roche 2019; Seebacher 2019)(Brown, Kapros, and Roche 2019; Seebacher 2019).
It is constructed by individuals through the lens of their prior knowledge and experience as
well as through their interactions with others over time (Anderson, De Cosson, and Mclntosh
2015), including educational experiences in and across formal and non-formal settings. All of
these settings, where learning takes place over time, can also be addressed as important part
of young learners' STEAM learning ecologies (Bevan 2016).

The SySTEM 2020 project further focusses on science learning outside of the classroom,
putting a particular emphasis on non-formal learning, i.e. learning happening intentionally in
pre-structured educational settings similar to schools, and informal learning, i.e. learning
resulting from daily activities happening in a contingent unstructured and unintentional form
(D2.1; Bell, Shouse, and Feder 2009; Stecher 2005). Nevertheless, experiences made in the
formal education system must not be excluded from the analysis, since informal, nonformal
and formal education are strongly interconnected (Jordan 2010). In short, the SySTEM 2020
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project conceives science learning as an ongoing and cumulative process (Bell, Shouse, and
Feder 2009; Falk, Staus, et al. 2016).

Studies find that learners with a developed interest are more likely to be attentive and
motivated learners (Hidi and Renninger 2006; O’Keefe, Horberg, and Plante 2017; Renninger,
Bachrach, and Hidi 2019). Each individual can potentially be interested in anything. How is it
that interest in science forms? Based on empirical findings, Suzanne Hidi and Ann K. Renninger
(Hidi and Renninger 2006) have developed a four phase model of interest development,
which is also used in the SYNERGIES project (Falk, Staus, et al. 2016). They define interest as a
“psychological state of engaging or the predisposition to reengage with particular classes of
objects, events, or ideas over time (Hidi and Renninger 2006, 112)". The first phase of interest
development starts with a situational interest that is potentially triggered by an event in the
person’s environment and causing positive emotions and a specific form of engagement with
the area of interest. The second phase is reached once this initial sparkling is a maintained
situational interest, with focused attention for the topic, and the engagement in interest-
related tasks. It is only in the third phase that an individual interest emerges, leading to the
generation of questions out of curiosity about the content of interest which is consolidated in
the last phase as the result of already build knowledge and the developed understanding,
leading to a long-term constructive and creative pursuance of this interest even when entering
frustration (Hidi and Renninger 2006). When looking at the way interest in STE(A)M evolves
and persists, we hence need to look at the involved cognitive, behavioural and emotional
processes (Falk, Staus, et al. 2016; Carlone and Johnson 2007).

Empirical studies emphasise the importance of the social environment, be it family, teachers
or peers, on the formation of science interest (Archer et al. 2012; Aschbacher, Li, and Roth
20009; Falk, Staus, et al. 2016). Learners participating in science-related activities at a young
age are also more likely to have positive science attitudes and perceive their own agency on
doing science differently (Falk, Staus, et al. 2016).

Up to date research, especially for the European context, investigating STE(A)M interest
development going beyond one single topic or subject in school or linking the attitude and
the take-up of science further, is rare (Falk, Staus, et al. 2016; Gorard and See 2009).

The strongest predictor for STEM interest in the SYNERGIES project was self-reported STEM
knowledge followed by the science attitudes of parents and the science enjoyment of the
learner (Falk, Staus, et al. 2016). Science interest did not, however, significantly vary with the
science self-concept, young learners who found science difficult were equally interested in
science as those who found science easier (Falk, Staus, et al. 2016). The results of the ASPIRE
project further emphasize the role of the formal education system - attitudes to school
science, and additionally parental attitudes to science as well as the learner’s self-reported
performance have the strongest positive relationship with the learner’s science aspirations
(Archer Ker et al. 2013).

2.2 Socio-cultural embedding of science

learning

The approach of learning ecologies is chosen as a theoretical framework of the SySTEM 2020
project to examine the way learners develop, pursue, and sustain an interest in STE(A)M. This
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theoretical lens further entails that learning cannot simply be understood as isolated process
of knowledge-creation, but needs to be investigated as inherently intertwined with the
learner’s social identity (Bell, Shouse, and Feder 2009). In this sense, science and the broader
field of STE(A)M can be seen as a community of practice; not everyone automatically is a
member of this community, instead membership - access and inclusion - is based on a
process of learning itself, where learners are socialised into the norms and the practices of this
science community and on the same time a specific science identity, i.e. an understanding of
who they are and who they want to become (Carlone and Johnson 2007). In order to learn
science, one needs to develop identities that are compatible with scientific identities
(Brickhouse, Lowery, and Schultz 2000).

The theory of cultural reproduction as framed by Bourdieu, argues that the educational system
is shaped by the “dominant cultural conventions of thought and action of a particular society
(Grenfell 2004, 50)“, including socialized norms or tendencies that guide behaviour and
thinking, commonly referred to as habitus. The educational system as community of practice
is strongly framed by the habitus of the powerful class(es) in society, i.e. middle and bourgeois
classes. It is their norms and conventions that are prescribed in curricula, educational
principles assessment criteria and grades that define transitions and pathways within the
educational system and hence act as gatekeepers for those not sharing the same habitus.
Reconnecting the concept of science identity with the theory of cultural reproduction Archer
and colleagues put forward the concept of a “family habitus” (Archer et al. 2012, 886) referring
to the familial science capital in the form of “resources, practices, values, cultural discourses
and ‘identifications’ (‘who we are’) (ibid)” at the level of the learner’s family setting. The family
is the first and most important place of primary socialization where knowledge, skills, norms,
values and traditions are learned (Anastasiu 2011). Families of dominant classes raise their
children in a way that allows them to adapt easily to the educational system as they share the
same habitus (i.e. values, norms, behavioural patterns and interpretative standards).
(Goldthorpe 2007).

The theory of cultural reproduction suggests that those children, familiar with the dominant
conventions of a society, are advantaged in gaining educational credentials and will benefit
more from the educational system. In this sense, the formal education system does not “create
spaces where multiple perspectives in knowing and showing in science can emerge”
(Calabrese Barton and Osborne 2001, 21) and hence does not foster diversity. These narrowly
defined and acknowledged science identities in turn do not appeal to a broad range of diverse
students coming from diverse living situations, entering the formal education system
equipped with their own set of knowledge, cognitive skills and beliefs of how the world works
(Jordan 2010; Bell, Shouse, and Feder 2009).

Ideas of science and those who do science, do equally not exist in a vacuum, but are framed
by the values of the dominant classes. Popularly, science is connected to cleverness,
intelligence and academic success (Archer, DeWitt, and Willis 2014; Archer et al. 2013). In this
sense, science is not seen as being for everyone, those, who fail in school are likely to see
learning after school life as irrelevant and unnecessary for their capacities and needs (Gorard
and See 2009). Additionally, as persons working with the mind, which, historically has been
framed as masculine, in contrast to the feminine-constructed body, scientists are
predominantly linked to masculinity and imagined as male, an image re-creatable by children
as young as the age of 6 (Carlone and Johnson 2007; Archer et al. 2013). As a consequence,
also science learning is gendered and contributes to this process of self-identification
(Brickhouse 2001; Sadler et al. 2012; Hughes 2018). While at a young age, science interests do
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not vary with gender, statistically significant gender differences manifest themselves as
children grow older (Archer et al. 2012; DeWitt et al. 2013). This mind-body-division further
exacerbates class-based differences with mind-based work linked to middle and upper-class
learners instead of bodily work linked to working class (Archer et al. 2013; Altreiter 2017).
Adding further intersections, ethnicity, migration experiences and ability can yet establish
further layers of dis-/identifying with science (Brickhouse, Lowery, and Schultz 2000; Hazari,
Sadler, and Sonnert 2013; Bell, Shouse, and Feder 2009).

2.3 Findings from earlier studies

A focus on the diversity of the learners themselves as well as their different learning contexts
has only emerged recently (Brody, Bangert, and Dillon 2007). In accordance with the outlined
goals, the SYySTEM 2020 project does not perceive learners as homogeneous individuals but
puts a particular focus on science learning of non-dominant groups and the intersection of
socio-demographics, which structure individual learning ecologies. In doing so, the ‘culture’
of non-dominant groups is put at the centre of the undertaken research. Culture in this sense
is hence not to be misunderstood as exclusively used with regard to ethnicity or religious
affiliation. Rather, it is used in a much broader sense alongside Philip Bell, Andrew W. Shouse
and Michael A. Feder (2009, p. 211) who employ the term culture for every “group with some
shared affiliation” based on shared socialised norms, access, resources, opportunities and
cultural values.

The individual STEAM learning culture is shaped by socio-demographic variables. The way
learner identities form, as well as the way the educational system responds to these identities
is further shaped by a complex interaction of class relations, gender, ethnicity, ability and other
socially established yet powerful norms of discrimination (Brickhouse, Lowery, and Schultz
2000). Socio-demographics are not to be misunderstood as deterministic interventions.
Rather, they inform tendencies, but do not lead to straightforward science ecologies. (Archer
et al. 2012; Brickhouse, Lowery, and Schultz 2000) A learner’s identity and agency are hence
socially situated, supporting specific competences, performances and social recognition
thereof, which again shape the learner’s identity.

With regard to science learning non-dominant groups might for example be represented by
female-identified learners with migration experiences or male-identified learners from low
educational strata.

The following section condenses findings on social class, gender identity, ethnicity and age as
selected socio-demographics. Like other underrepresented groups, also people with
disabilities may tend to dis-identify with science, face language and other barriers, and
experience political and ideological tension between the norms of science or host institutions
and those of their cultural group (Bell, Shouse, and Feder 2009). Also, the family setting as
well as the place of living can play role in shaping individual learning cultures.

All of these dimensions intersect at the level of individual learning ecologies (Hazari, Sadler,
and Sonnert 2013).

2.3.1 Class, family habitus and science capital

In relation to the theory of cultural reproduction, the family’s educational, financial and
occupational background and hence the social class and the socio-economic status were
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identified as stratifying factors of participation and attainment in the formal education system
in general and found by several studies across different contexts (Bell, Shouse, and Feder
2009; Gorard and See 2009; Archer et al. 2012).

Well-off middle class families tend to condense science-specific cultural and social capital
with a sense of a science-related image of who they are and what they do or at least provide a
supportive context for their children’s science interests (Archer et al. 2012). Children from
middle and upper classes are advantaged in gaining educational credentials, benefitting more
from the formal education system, getting positive recognition of their learning behaviour
from their teachers and significant others (Fredricks, Blumenfeld, and Paris 2004). In line with
this finding, the discourse practices of traditional classroom settings were found to favour
those students with similar discourse patterns, who mostly stem from middle and upper-
middle class families, acting as gate-keeper for individuals from non-dominant groups (Bell,
Shouse, and Feder 2009; Kurth, Anderson, and Palincsar 2002).

Working class families with a lower socio-economic status and less cultural capital did not
perceive science as part of their being. Instead, science was a non-part of their daily practices
and hence also something rather ‘unthinkable’ for their children (Archer et al. 2012). Children
from economically poorer families are not necessarily found to be less interested in science in
the first place, however, less likely to choose science as subject, based on its perceived
difficulty, which is again linked to social class and the influence of their family (Gorard and See
20009). In the context of Austrian working-class families, Carina Altreiter (2017) indicated the
habitual rooting of career aspirations related to the idea of using one’s own hands and body
instead of working predominantly with the mind, an idea closely related to popular images of
scientists.

The SYNERGIES project identified a strong connection of parental attitudes to science and a
learner’s STEM interest (Falk, Staus, et al. 2016). The ASPIRES project referred to the broader
role of science capital of the family, emphasising science-related qualifications, knowledge
and understanding, interest and social network as key-factors influencing a learner’s
aspirations of science-related careers (Archer Ker et al. 2013). While not strictly related to
social class, families with higher science capital tend to be middle-class (Archer Ker et al.
2013). In particular the mother’s educational level was identified to be an important variable
influencing a learner’s performance across several subjects (Gorard and See 2009). Across all
social classes, parental support was shown to have a positive impact on academic
achievement of the learners (Gorard and See 2009). However, available resources for
supporting the learners, such as parental time again vary with socio-economic status (Jordan
2010).

2.3.2 Gender identity

Learning makes part of developing a gender(ed) identity. Science learning is equally gendered
and contributes to this process of self-identification (Brickhouse 2001). While at a young age,
science interests do not vary with gender, statistically significant gender differences manifest
themselves as children grow older (Archer et al. 2012; DeWitt et al. 2013). Studies investigating
these gender differences do so by reproducing a binarily defined gender, i.e. discussing
differences between female and male learners, excluding the experiences of learners not
conforming to binarily defined gender relations.
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The SYNERGIES project did not find any gender-related differences among 11 and 12 year olds
as far as their perspective on science, self-identification with science, knowledge of science,
engagement in scientific activities or the support social environment is concerned (Falk, Staus,
et al. 2016).

The ASPIRES project, however, stated that despite more girls having rated science as their
favourite subject, boys are more likely to aspire science-related careers (Archer Ker et al. 2013).
Sciences and in particular the profession of being a scientist are male-connoted themselves
(Carlone and Johnson 2007). Relational gender stereotypes and conceptions of femininity and
masculinity can make science “incompatible with girls’ performances of popular/desirable
hetero-femininity” (Archer et al. 2013, 181). The sexual orientation of learners is imminently
connected with ideas of ideal masculinity and femininity. Disciplinary stereotypes that physical
sciences are more appropriate for boys and life sciences for girls exacerbate early on, teenage
girls tend to be more interested in life sciences than boys (Falk, Staus, et al. 2016) and are less
likely to engage in technology related activities such as programming (Barron 2004). Gender
disparity in STEAM retention was found to be reversed with students not identifying as
heterosexual (Hughes 2018). Those not conforming to gender stereotypes were found to be
unpopular in high school (Hazari, Sadler, and Sonnert 2013). As a consequence, also career
aspirations in STEM are gendered (Archer Ker et al. 2013; Sadler et al. 2012).

The way gender identity forms and performs and its impact on science is further mediated by
the family context - Gender stereotypes of parents were found to be persistently at work (Bell,
Shouse, and Feder 2009): in older studies, mothers overestimated mathematical skills of sons
and underestimated those of daughters (Frome and Eccles 1998), and tended to talk about
science more with boys than girls. In more recent studies, fathers’ increasing gender
stereotypes were observed to be negatively related to girls’ interests in mathematics, while
positively related to boys’ enthusiasm (Jacobs et al. 2005). Further, fathers tended to employ
more cognitively demanding speech with boys than girls (Tenenbaum and Leaper 2003). In
short, parents and other adults were found to support and encourage boys and girls differently
(Falk, Staus, et al. 2016). The underlying idea of masculinity and femininity differ by social class.
Boys from working-class context are less likely to see how science relates to their lives than
boys from middle- and upper classes (Archer, DeWitt, and Willis 2014). The class-gender
intersection, however, exacerbates more strongly with regards to working-class girls, resulting
in the exclusion of both, being an ideal student and having science-related future aspirations
(Archer et al. 2013, 185).

2.3.3 Ethnicity

With science being an important part of a dominant culture, it also bears a - yet often
unfulfilled - promise of upwards social mobility. The learners’ experiences with science were
further found to vary with learners’ ethnicities. The ASPIRE project operationalised ethnicity in
the context of the UK and found that in their sample Asian students expressed stronger science
aspirations than Black students, who in turn expressed stronger science aspirations than White
students (Archer Ker et al. 2013). Ethnicity is mediated through the larger social setting of a
learner, i.e. their gender, their social background and their specific situation (Gorard and See
2009). Within the context of racist societies, strong correlations between ethnicity and
economic poverty can be found. The resulting economic deprivation provides for an important
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explanation of the US educational gap of Black and Latinxs' students on the one and White
students on the other hand (Jordan 2010).

Nancy Brickhouse, Patricia Lowery and Katherine Schultz emphasise the way class, gender and
ethnicity interact, shaping the strategies available to students to perform scientific identities,
as well as the way these learners are seen by others (Brickhouse, Lowery, and Schultz 2000).
As Louise Archer and colleagues (Archer Ker et al. 2013) highlight, barriers for developing
science aspirations are amplified in the case of Black student. In the context of racist societies,
Black working class learners are stereotypically constructed as “problem students” rather than
recognised as “clever science students” (Archer, DeWitt, and Willis 2014, 2; Carlone, Haun-
Frank, and Webb 2011).

Hazari and colleagues (2013) looked at a combined analysis of gender and ethnicity for the US
and found that not all trends hold along one gender or one ethnic group. For example, Hispanic
females identified themselves the least with science across all scientific disciplines, while
white males had the highest likelihood to pursue STEM related careers. Similarly, in the context
of the UK the intersection of gender ideals, ethnicity and science capital facilitates the
potential identification with science, resulting in White and South Asian middle-class boys to
experience an easier fit (Archer, DeWitt, and Willis 2014).

2.3.4 Age

Since learning ecologies evolve over time, age is a formative factor shaping science attitudes.
Several studies indicate that learners take over a higher level of ownership of their own
learning as they grow older and gain more experiences (Bevan 2016, 3). ‘Being into science’
and the way this interest is acted upon can well change as learners get older, for instance,
gender ideals and their influence on science-identities exacerbate with adolescence (Archer
Ker et al. 2013). STEM interest between ages 10 and 14 was identified a key variable as far as
the likelihood of further science education and careers are concerned(Falk, Staus, et al. 2016).
John Falk and colleagues (Falk, Staus, et al. 2016) found that while science interest increased
for young learners between 10 and 11 to 11 and 12, activities related to STEM decreased. Other
studies suggest a general decline of science interest between the age of 10 and 14 (DeWitt et
al. 2013). Students not expressing STEM interest at the age of 10 are unlikely to develop this
interest by age 14. Most people’s science attitudes are rather fixed at the age of 14 (Archer Ker
et al. 2013; Hazari, Sadler, and Sonnert 2013).

" The term ‘Latinx’ refers to students of all genders with roots in Latin America (See for example Vidal-
Ortiz and Martinez 2018).
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3 Research Design

The goal of WP3 is to examine the STEAM learning ecologies of young learners. The chosen
instrument for a thorough investigation is a longitudinal self-administered survey, specifically
designed for the SySTEM 2020 project. The focus of the data collection with the surveys lies
on self-reported data - the learners are asked about their own attitudes, practices and learning
experiences to examine their STEAM learning ecologies (Bell, Shouse, and Feder 2009; Falk,
Dierking, et al. 2016)

Being longitudinal in nature, the survey was designed to reach the same participants within
the timeframe of one year twice. Survey wave 1 happened in the period February - April 2019,
and survey wave 2 from February - April 2020. Based on the Covid-19 pandemic coinciding
with wave 2, this data collection period was extended until the end of June 2020.

Figure 1 depicts the process of the longitudinal survey design, testing, roll out and analysis.

October 2018 November 2018 December 2018

1™ draft of the Practice Partner Piloting survey English source
paper survey feedback included (TCD) survey for wave 1

January 2019 February - April 2019

Translate and adapt Testing translated Adapted translated Roll out

surveys to local needs surveys (17 partners) surveys wave 1 wave 1
(19 survey versions)

Analysis
wave 1

October 2019 November 2019 February - Jdune 2020

survey online for

survey version

paper versions for wave2

Replicate paper [ Testing online ] Adaptation of all 19

Roll out Final
wave 2 Analysis

() The testing will be described in section 3.2 of this deliverable
@ The roll out will be described in chapter 5 of this deliverable

() The analysis will be described in chapter 6 of this deliverable Figure 1- The longitudinal survey process

The following section elaborates on the sampling strategy developed for the longitudinal study
and hence the target population of the undertaken research. The second part elaborates on
the usability testing procedures and then, in a third part, guides through the survey creation
and the concepts operationalised in the survey.
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3.1 Sampling Strategy (see D3.1 for more
detail)

The chosen sampling strategy to engage learners in the longitudinal study is called
convenience sampling. This strategy is a form of a deliberate and hence a non-probability
sampling, which involves a purposive selection of participants (D3.1; Kothari 2004). In the
frame of SySTEM 2020 project practice partners and third parties were asked to engage
visitors of their existing formats for wave 1, which were then to be invited again to participate
in wave 2.

The convenience sampling method offered the advantage that the workload for practice
partners was minimised, however it bore the danger that the chosen sample was inherently
different from the target population: the participants of non-formal learning programmes in
general. While the SySTEM 2020 project did not aim at reaching statistical representative
results at national levels, analyses were drawn across socio-demographic variables as they
were linked to critical areas of accessibility, diversity and inclusion (Durall, Bauters, and Hietala
2019) requiring a broad range of individual data across partners and third parties. Therefore,
all practice partners were asked to keep an eye on covering the heterogeneity of their different
visitors and participants.

In each of the 19 practice partner and third party locations, partners were asked to engage at
least 60 survey participants for survey wave 1, based on the following criteria:

* They were visitors/participants of informal science events/workshops
* They were aged between 9-20
* They were heterogeneous regarding gender-identities and migration

experiences

In total, 1140 participants were thus sampled in all 19 practice partner and third party locations.

3.2 Testing and Piloting the Survey

Testing the survey instrument with users was a crucial building block of its design. This chapter
gives a short overview of usability testing in the framework of the SySTEM 2020 project to then
refer to the specific methodology applied in the context of the longitudinal surveys in WP3.

3.2.1 Usability testing and testing for
Usability

The involvement of end-users in the design process has gained increasing attention since its
initial usage in the US in the 1960s. Engaging users in this way primarily evolved in the context
of social responsibility, urban development and citizen participation before it moved to the
realms of product development (Sanoff 2006). More engineers, scientists and designers
started to scrutinise predominant assumptions of modern design and product development
enabling discussions and attempts towards a socially responsive and responsible approach to
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design. The change of mindset is reflected in a refocus of the design process itself and
increasing attention given to design approaches such as ‘inclusive and accessible design’ over
the last decade (Cassim 2007; Durall, Bauters, and Hietala 2019).

The participation of users in the design of tools, instruments or processes is crucial to usability
testing, which, according to Jeffrey Rubin and Dana Chisnell (2008, 19), observes participants
performing a realistic task with the product to collect empirical data. Only items, products or
services that do have a usable component can be tested for usability (Dicks 2002). With its
roots stemming from experimental methodologies, usability testing works with representative
samples of end users in the actual work environment, and includes a set of qualitative and
quantitative methods to collect data from the participants to iteratively improve the tested
product or tool (Koivuniemi 2013; Rubin and Chisnell 2008). Using this definition, testing the
usability of a tool or a product, by asking for feedback after a product has been used, does not
equal usability testing in a strict sense. Many empirical tools, including quantitative surveys,
can be used in both usability studies as well as other forms of testing procedures. The use of
a specific method hence does not automatically turn a test into usability testing (Dicks 2002).

In the frame of the SySTEM 2020 project, a toolkit of different evaluation instruments
specifically developed during the project has employed usability testing methods (T6.4). Every
instrument has undergone mechanisms that explore usability from various users; namely the
facilitators, as well as respondents to the evaluation instruments. Each user group comes with
specific needs that should be considered in an authentic setting. Due to the project structure
which separates the tool developers from the facilitators of the evaluation, usability testing by
future test respondents was mostly settled in the realm of piloting the whole instrument
process.

Longitudinal Survey D3.2 ZSlI M30
Experience Sampling
Method D6.2 ZS| M30
Self-evaluation Tool D5.4 TCD M33
Learning Portfolio D3.3 TCD M34
Engagement Tracker D5.3 ZS| M34

Table 1- Overview of Usability Testing Reports organised in the frame of T6.4

The methodology used in the realm of the longitudinal survey is elaborated in more detail in
the following section, before then reporting on the tool specific adaptions and applications in
the following section of this deliverable.

3.2.2 Cognitive Probing Interviews

Cognitive interviewing is an umbrella term referring to specific qualitative interviewing
techniques investigating the cognitive processes used by a respondent to answer a question
as well as the way questions are interpreted in specific linguistic and socio-cultural settings
(Willis 1999; Miller 2014). The approach is used in order to test, evaluate, improve and enrich
survey questions and other measurement materials (Willis 1999).
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This methodology is based on cognitive aspects of survey methodology (Tourangeau 1984) as
well as the approach of intensive interviewing (Willis 2015). While stemming from the
intersection of various disciplines such as psychology, sociology, anthropology and
linguistics, cognitive interviewing is rooted in the qualitative paradigm (Miller 2014; Willis
2015). As such it is applied from various paradigmatic perspectives such as phenomenology
or ethnography and grounded theory. The latter is particularly present when it comes to
interpretivism; a theoretical frame that conceives all interpretations of the phenomenon at
hand as valid and important parts of the way meaning is attributed to the survey questions at
hand (Chepp and Gray 2014; Willis 2015).

As a specific form of interviews the process of cognitive interviewing varies with the scope of
the testing, be it more an interest on weaknesses of the measurement instrument to improve
them - this is what Gordon B. Willis (Willis 2015, 18) calls “inspect-and-repair model” - be it a
general interest in the interpretation of the questions posed in order to make use of this
additional information when interpreting the results of the later rolled-out and quantitatively
answered survey (Willis 2015).

The two most popular techniques present in cognitive interviewing are the use of think-aloud
techniques and verbal probing. Think-aloud interviews stem from psychological procedures
and intend to unveil the ““window into the mind"(Willis 2015, 27). In think-aloud interviews,
respondents are instructed and trained to spontaneously voice their thoughts when reading
and answering a question. One disadvantage of this technique is that it significantly increases
the burden of the test-respondent (Willis 1999; Prifer and Rexroth 2005).

Verbal probing represents an alternative approach which attributes a more active role to the
researcher involved in the cognitive interview. Verbal probes can either be scripted prepared
and standardised to be used during all cognitive interviews conducted or might spontaneously
come up during the interview situation (Willis 2015). Depending on the scope of probing,
different techniques can be used in the frame of cognitive interviews. Peter Priifer and Margit
Rexroth (2005, 5-11) list different types of verbal probing techniques depending on the scope
of the item or the tested survey:

e Comprehension probes elicit how the answered question has been understood

o Category selection probes investigate why specific answers have been selected

e Probes investigating the information needed to answer the question as intended by the
researchers

o Information retrieval probing elicits the process of remembering in the context of
retrospective questions

e General probing investigates the ease or difficulty to answer a question and the
underlying reasoning patterns

In addition to think aloud techniques and probes, confidence ratings of answers can be used
in the context of retrospective questions to judge the precision of the answer given. Also the
technique of asking the test-respondent to rephrase the answer in their own words is a
possible technique to elicit interpretation and comprehension. Further, card sorting
techniques can be used in the frame of cognitive interviews to investigate the respondent’s
definition of used wordings (Priifer and Rexroth 2005).

With the exception of the think-aloud technique all of the named techniques can be used right
after a specific item has been answered, subsequent to an answered question or once the full
questionnaire has been administered by the respondent on their own. Answering on the spot
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might guide response behaviour to a stronger degree, however, also yields the benefit of the
respondent being able to recall immediate thoughts while answering to an item. Probes asked
after the instrument has been answered completely instead run the risk of the respondent not
recalling neither the answers given nor the reflections on the answer in question. However,
they might be more suitable for testing self-administered surveys (Willis 1999; 2015).

In addition, cognitive interviews can be used to not only test the general survey instrument,
but also to test its translation in different languages and/or cultural contexts (Schoua-Glusberg
and Villar 2014). In this specific setting differences in social desirability, levels of diction,
naturalness of language as well as different behaviour of how scales and response options are
used can be evaluated (Miller et al. 2014; Schoua-Glusberg and Villar 2014). Using cognitive
interviews for testing the survey in different languages and/or cultural contexts while the
source questionnaire is still under development or at least open for modification is suggested
to be beneficial to both, the source survey which becomes more translatable as well as the
translated surveys which are adapted to the specific needs of the targeted group (Schoua-
Glusberg and Villar 2014).

The number of interviews to be aimed for again depends on the theoretical frame of the
testing. Being a qualitative approach, statistical representativeness is not an acclaimed goal
of cognitive interviews. Instead the richness of the information potentially gathered from a
small, but diverse number of interviews with test-users similar to the survey population makes
it practically sufficient to conduct between 12 and 15 interviews for testing a survey (Willis
1999). The documentation of the gathered material is crucially important for its further
consideration. Therefore, most cognitive interview techniques operate with full interview
recordings that are transcribed partly or fully according to the research in context (Willis 2015).

The analysis of responses focusses on summarising the gathered information to condense the
findings and to move from the level of individual cognitive interviews towards comparisons
across respondents and subgroups potentially identifying common patterns according to
socio-cultural backgrounds, as well as issues arising in specific cases (Miller et al. 2014; Willis
2015). For doing so text summary, deductive or inductive coding can be used. For a detailed
description of these coding schemata see for example Willis (2015). The results need to be
carefully scrutinised in relation to the item they are specifically related to as well as to the
context of the whole survey (Miller et al. 2014).

3.2.3 Survey Testing Wave 1 - Usability Testing
applied

The first English survey version was shared with all practice partners for feedback in October
2018. Feedback given was documented in incorporated in the English survey. The testing
procedure then carried on in two phases.

Phase 1 of the testing was facilitated by TCD SG testing the English source survey. In order to
thoroughly test the source questionnaire, we decided to use cognitive probing interviews. The
foreseen focus group interviews (T3.4) were deemed disadvantageous since they would not
allow to discuss the whole questionnaire at the level of every item and only offer limited
insights in the specific cognitive processes of the involved testers (Schoua-Glusberg and Villar
2014). Instead, it was decided to use individual cognitive interviews as described in section
3.2.2. More specifically, 15 individual cognitive interviews were conducted by the TCD SG
team, (as suggested by Willis 1999) which were specifically coached for conducting the
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interviews and equipped with an annotated survey including probing questions as well as a
fitted table to transcribe the voice-recorded test-results.

The sampling strategy aimed at involving testers having the same characteristics as the
respondents in the main survey, i.e. being aged between 9 and 20 years, involving male as
well as female identified learners and potentially also reach out to non-dominant groups
reached by TCD SG.

The testing happened in a quiet and closed room in a one-on-one setting. The test-respondents
were handed over the original survey, the interviewer used the annotated survey which
included pre-scripted probes for specific questions which were asked once the respective
items were answered by the test-respondents. In addition, interviewers were urged to be
attentive towards spontaneously voiced reactions of the test users in order to formulate also
spontaneous probes.

The specifically annotated survey contains 4 probing techniques lined out in table 2.

1. “Please, tell me what you are thinking when answering the following set of

questions!”

This question belongs to the “think-aloud” technique. You ask the respondent before answering
the question to verbalise all the thought processes that lead to their response and thus any
problems that participants may have understanding a question or answering it.

2. “How do you understand the item/question?”

(TR

“How do you understand the word X ?

This is a specific probing technique. It enables additional information to be gained about the way
in which participants understand the questions. These probes can be administered concurrently
(after the participant has answered the question).

(TRl ]

3. “How did you come up with your answer “X"?

This probing technique provides more detail about the reasons for picking one of the provided
answer options and informs about them being exhaustive and clear.

4. “Can you repeat this question in your own words?”
‘What have you just read? Can you repeat this information in your own

words?”

This question belongs to the paraphrasing technique. This verbalisation yields information about
whether or how the respondent understood the question and whether this understanding
corresponds to the one of the researchers. This question is asked once the participant has
answered the survey question.

Table 2 - Four types of cognitive probes used when testing the longitudinal survey

The results were partly transcribed in a prepared excel sheet informing about the given
answers to the survey item in question, spontaneous reactions to the item, responses, and
reactions to cognitive probes as well as comments and remarks by the interviewer.
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Since the longitudinal survey represents a self-administered instrument, respondents should
be able to fill in the questionnaire without additional support. Therefore, another 30 surveys
were handed out by TCD SG to additional test-users to be filled autonomously. These paper-
based versions were scanned and sent to ZSI.

The cognitive interviews as well as the answers given in the self-administered surveys were
scrutinised and the source-survey was adjusted. For clarity questions were rephrased, answer
options were extended including examples. Also, the order of individual questions or question
blocks was changed to intervene in discovered sequencing effects. For instance, the section
asking questions about science was prepended to be answered prior to the block asking
questions about science in school, to prevent general questions about science being
answered with a school science focus only. Questions which lent themselves to many different
understandings where either specified or removed. The latter was for instance the case for a
question matrix investigating science importance at the learner's home, school, village/town
and society - respondents tended to either think of a specific person in this realm or about the
issue of science being important for these areas to work properly, e.g. for electricity to work.

The English source survey (see Annex) was now ready for translation processes which were
led by each practice partner and third-party institution using professional translation services.

Phase 2 of piloting focussed on testing the translated survey versions and potentially
necessary local adaptions with practice partners. Again, cognitive interviews were used to test
for translation issues and needed changes (Schoua-Glusberg and Villar 2014). Each practice
partner organisation that needed translation (17 out of 19) tested its translated survey with
3 to 6 test-respondents, whereas again a variety of age groups, gender balance and the
inclusion of non-dominant groups were recommended. In case a partner needed translation
into more than one language, testing all language versions was compulsory. A specific
guideline was produced for all practice partners and third parties involved in testing. The
source survey was once again annotated using the same techniques already outlined in table
2 and the interviews were conducted in the same way as the cognitive interviews in phase 1.
The results were analysed at a partner-level and necessary translation checks were
communicated at an individual level.

For most partners, the survey worked very well, nevertheless the translation check led to some
adjustments. Specific keywords caused some difficulties in the translation process, most
prominently this was the case with the concept of ‘science’. Literal translations into the
language needed often resulted being too theoretical or abstract, particularly in the context
of young learners. In order to solve this challenge, some partners translated ‘science’ using
word pairs to open up its meaning. For instance, WAAG used the translation "wetenshap en
technie" (literal English translation: science and technology).

The same translation difficulties arose with ‘gender’ with many languages not having a
translation of the English concept. Partners therefore suggested using the English word and
additionally adding a translation of ‘sex’. Partner organisations working with young learners
further included possible gender identities in brackets to give respondents an idea about
possible answers. Traces for instance included "fille, gargcon, un peu des deux, aucun des deux,
autre, ... ?" (literal English translation: girl, boy, a bit of both, none of both, other, ...) as
examples.

The testing also resulted in general changes of the source survey and hence all survey
versions. A question operating with a 5-point Likert scale (strongly agree - agree - undecided
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- disagree - strongly disagree), additionally offered a ‘not applicable’ category. ‘Not
applicable’ was included in the first place to offer learners with diverse living realities the
possibility of indicating once an item is not applicable to their situation. When disagreeing to
the item in question, test-respondents tended to use the ‘not applicable’ category instead of
‘strongly disagree’. Consequently, 'not applicable' was removed to clarify the possibility of
indicating disagreement.

The cognitive interviews of the translated surveys enabled to adapt examples and categories
to the diverse living realities of the respondents being based in 18 different countries.
Furthermore, the testing led to specifically adapted surveys for LATRA and Bloomfield
Science Museum Jerusalem, designed to be specifically inclusive for the target groups at
hand. Based on the experiences in the piloting process the following two specified survey
versions were created by the ZS| team with the support of the practice partner concerned:

LATRA, who is operating in a refugee camp for unaccompanied minors in Lesvos, obtained a
substantially changed survey. 12 items related to activities that are broadly related to informal
science learning, were not applicable to the specific setting of the camp. For example, caring
for a pet, or gardening are prohibited in the camp area. Therefore, these items have been
removed from the survey. In addition, the question asking about the respondent’s self-
identified gender was perceived as potentially sensitive making the test users suspicions. In
order to prevent from distractive answer behaviour, the position of this question was changed
to the very end of the survey.

Bloomfield Science Museum Jerusalem (BSMJ) approached ZSI to ask for an additional survey
version that can be completed by a major non-dominant group of their visitors: ultra-orthodox
Jews. Based on the input of a cultural expert in Jerusalem, for instance survey items related to
IT, mobile devices or social media were removed to eliminate potentially insensitive items that
might hinder the learners from participating in the survey in general. In total 10 items as well
as some examples given in brackets were removed from this survey version to include ultra-
orthodox Jews as respondents.

3.2.4 Survey Testing Wave 2

Based on the minor adaptions happening between wave 1 and wave 2 (outlined in section
3.3.5) the survey was tested anew on a large-scale setting. Rather, testing procedures were
limited at a partner level. Those partners using the online survey handed their adapted and
translated survey in. The survey was then included in the online survey and simultaneously
checked for needed adaptions, which were communicated to the practice partner in charge
and adapted. In addition, all online survey versions were tested and reviewed by the practice
partners in their respective languages.

Also, the partners not using the online survey in their data collection of wave 2 were asked to
hand their translated survey version in, which was in turn reviewed by ZS| and adapted by the
practice partner in charge.

3.3 Survey Design
The longitudinal survey used in the SySTEM 2020 project has been specifically designed for
the project. As repeated-measures design, a longitudinal survey has more statistical power to

identify effects than cross-sectional surveys (Field, Miles, and Field 2012). In doing so, the
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longitudinal surveys used in the Synergies project (Falk, Staus, et al. 2016) as well as in the
ASPIRES project (DeWitt et al. 2013) were used as a baseline for item selection that was
subsequently enriched with items operationalised elsewhere.

The survey design was exclusively made for paper-based surveys, directly filled by the
respondents in a supervised setting (D3.1). This paper-based version was selected based on
the model survey of the Synergies project (Falk, Dierking, et al. 2016). Methodological
advantages of a paper and pencil survey lie in the more detailed manner, papers are read in
contrast to screens, the instrument further does not include any technology effects (Nielsen
2000; Fuchs 2003; Smith and Jibum 2015). Lastly, not all involved practice-partners do have
the possibilities to provide for enough electric devices to fill in the survey in a simultaneous
and supervised setting. Paper-based surveys hence provided for the most accessible survey
option.

Initially, the paper-based version was supposed to be the only valid survey version for data
collection in wave 1and wave 2. Based on the SySTEM 2020 practice partners’ strong concerns
of not being able to reach all participants from wave 1again for wave 2, the paper-based survey
was additionally replicated as online survey using Lime Survey, which is directly hosted on ZSlI-
servers.

This additional online survey enabled partners to send the survey to participants who were not
able to get at their location a second time. While, from a methodological point of view,
introducing a potential bias in the data collection (Nulty 2008) the decision was taken based
on the following four reasons:

(1) The target group of wave 2 has already participated in wave 1 hence had already made
the experiences of filling the survey in a paper-based format in a supervised setting,
having the possibility to ask questions of understanding and receiving support for
answering the survey. Since the survey of wave 2 is nearly identical to the survey of
wave 1 the familiarity with the instrument might limit the introduced bias.

(2) The age group of the SYySTEM 2020 project is enormous - 8-12-year-olds might find it
difficult to answer online surveys without additional support. Partners reaching this
target-group were hence urged not to send the online-survey out, but rather facilitate
a supervised data collection setting for wave 2.

(3) The drop-out rates for longitudinal studies are usually quite high (Laurie and Lynn
2008). Online-surveys reduce the burden of participation in the survey and are hence
a means to limit the number of dropping out respondents. Aiming for re-recruiting the
maximum number of respondents is necessary to meet project-aims as well as for
making meaningful comparisons between wave 1 and wave 2.

(4) The Covid-19 pandemic created the need for questionnaires which can be filled in
autonomously keeping physically distanced.

The final survey version is organised in four consecutive parts:
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Guiding Theme Elaborated

in D3.2
The everyday engagement in science Section 3.2.1
learning and the connected social
environment
Attitudes towards STEAM in general Section 3.2.2

Attitudes towards science in school Section 3.2.3

Socio-demographic information about the Section 3.2.4
learner

Table 3 - Building Blocks of the Survey

The following section elaborates on the operationalised concepts of the SySTEM 2020 survey,
which were present in all survey versions - the paper version of wave 1 as well as the paper
and online versions of wave 2. The last section of this chapter elaborates on minor adjustments
happening to the wave 2 surveys based on experiences made in wave 1and necessary changes
resulting from the online replication of the survey.

3.3.1 Engagement in scientific practices

The engagement in scientific practices was operationalised asking the learners about the
frequency of participating in 19 activities potentially offering possibilities for informal science
learning e.g. by using a library, reading a book not for school, learning a music instrument or
doing sports. The frequency scale was implemented offering 5 options ranging from ‘every
day or almost everyday’ (coded as 4) to ‘hardly ever or never’ (coded as 0). An additive index
combining the number of activities done with the frequency of this engagement was created.

Participation in groups, as a setting of institutionalised out-of-school science learning, was
operationalised offering three answers: “I am already a part (or have been part) of such a
group” (coded as 2), “I would like to join such a group” (coded as 1), and “l am not interested
in joining such a group" (coded as 0) tapping 6 group settings. Mean based indices of the
participation in groups and the interest in groups were built.

Each question set taps partly similar activities that potentially foster the same forms of science-
learning. To investigate the underlying, latent and multidimensional elements of science-
learning an exploratory principal component analysis (PCA) was conducted with the data
collected in wave 1. This method enables to identify the minimum amount of factors to
consistently summarise the interrelated items into a single, yet multidimensional variable
(Field, Miles, and Field 2012).

The initial PCA was conducted on all 25 items measuring the frequency of engagement in
broadly defined science activities as well as the participation in institutionalized groups. The
PCA was rotated, based on the assumption that different forms of science-learning correlate,
since they all make part of science-learning. The obliquely rotated factor analysis identified 6
latent factors: self-directed science learning, art science-learning, science learning by the
means of using technology and social media, science learning through sports and science
learning by engaging in various other activities such as cooking and spending times outdoors.
Factor loadings >0.50 are considered large enough to summarise the respective item among
this factor.
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A choir, music or dance
class

DELIVERABLE 3.2:

Art-
science
learning

0.75
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Oblimin rotated factor loadings >.40

Self

directed
science-
learning

Science
learning
by use of
technology
and social
media

Sport
science
learning

Biology
related
science
learning

Broad
science
related
activities

Play a musical instrument
or sing or hum

0.7

Drama or acting class

0.62

Participate in an after-
school activity (e.g.
music or dance classes)

0.46

Cooking or sewing class

Scout troop

Read a book or magazine
not for school

Watch a video about
science, maths, or tech-
nology in out of school
hours

0.77

Visit websites to learn
about things you're
interested in out-of-
school-hours

0.66

Build or take things apart
or repair things

0.62

Do science experiment at
home

0.55

Visit a science gallery,
exhibition or museum

0.41

Use social media such as
Instagram, YouTube,
Snapchat, Facebook or
Twitter

0.72

Use a computer, game

console, pad or mobile

phone to play games at
home

0.53

Actively listen to music

0.49

Use a library

-0.41

Do sport in a team (e.g.
Soccer)

0.79

A sports club (such as
soccer, tennis)

0.77

Do sport by yourself (e.g.
Dancing, running)

0.43

0.4

Take care of pets

0.69

Visit a farm, a zoo or an
aguarium

0.59

Garden or grow plants at
home

0.51

Cook or bake

0.58

Spend time outdoors

0.53

Religious youth group

-0.47

Eigenvalues

2.47

2.34

1.72 1.70 1.64

1.44

% of variance explained

.22

21

15 15 15

13

a

0.64

0.65

0.34 0.52 0.42

0.27

Table 4 - Pattern matrix of 24 STEAM learning activities PCA, incl. factor loadings >0.40, factor loadings >0.50 in

bold print
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However, only 3 of these 6 identified factors were internally consistent (Cronbach a > 0.5 for
the set of variables loading highly on the same factor, see table 4). As a consequence, variables
with a poor fit (r.drop values <0.30) were excluded from the analysis, and the PCA was re-run
with 10 variables only. The Kaiser-Meyer-Olkin measure verified the sampling adequacy for the
analysis KMO=0.67, with all individual KMO values >0.50. Bartlett’s test of sphericity, x3(45) =
1833.105, p<0.001 indicated that the correlations between the individual items were
sufficiently large for a PCA. A non-rotated PCA was run to identify the number of components
with eigenvalues over Kaiser's criterion of 1. Three factors were identified. Based on the
correlation between the analysed items, an obliquely rotated PCA was run extracting three
factors: Art science learning, self-directed science learning and sport science learning.
Together, they explain 100% of the identified variance amongst the 10 activities: Based on the
large sample size, the scree plot and the Kaiser's criterion, these three components were
retained for further analysis of a specific type of science learning.

To summarise these types of learnings into single variables, the variables asking about the
membership in specific institutionalized settings were recoded to fit the scale of activities.
Being part of a group was interpreted as regular engagement in these activities and re-coded
as 3, which equals doing this activity about once or twice a week at the 5-point scale used for
activities with O signifying hardly ever or never engaging in this activity and 4 doing this
activity ‘everyday or almost everyday’. Based on this point-based index, a mean-based index
was constructed calculating the average intensity of engagement for self-directed science
learning activities, art-centred science learning and sport-based science learning.

Oblimin rotated factor loadings >.40
Art- Self Sport

Item in Survey science directed science
learning science- learning
learning

A choir, music or dance class
Play a musical instrument or sing or hum 0.76

Drama or acting class 0.64
Participate in an after-school activity (e.g. | 0.52
music or dance classes)
Build or take things apart or repair things 0.74
Do science experiments at home 0.7
Watch a video about science, maths, or 0.69
technology in out-of-school-hours
Visit websites to learn about things you're 0.60
interested in out-of-school-hours
Do sport in a team (e.g. soccer) 0.84
A sports club (such as soccer, tennis) 0.80
Eigenvalues 1.95 1.92 1.51

% of variance explained 0.36 0.36 0.28
a 0.65 0.63 0.59

Table 5- Pattern matrix of STEAM learning activities PCA, incl. factor loadings >0.40, factor loadings >0.50 in bold
print
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Sport
science
learning

A choir, music or dance class 0.80 0.08 -0.02
Play a musical instrument or sing or hum 0.76 0.19 -0.02
Drama or acting class 0.63 0.10 0.01
Participate in an after-school activity (e.g. | 0.55 0.23 0.39
music or dance classes)

Build or take things apart or repair things 0.19 0.72 0.06
Do science experiments at home 0.19 0.7 -0.08
Watch a video about science, maths, or 0.19 0.60 -0.08
technology in out-of-school-hours

Visit websites to learn about things you're | 0.02 0.73 0.18
interested in out-of-school-hours

Do sport in a team (e.g. soccer) -0.01 0.14 0.84
A sports club (such as soccer, tennis) 0.02 0.03 0.79

Table 6 - Structure matrix of STEAM learning activities PCA, factor loadings >0.50 in bold print

The next section of the survey investigates the social support structures learners
experience encouragement of to engage in the science-related activities just mentioned
(Falk, Staus, et al. 2016). The learners were asked about the encouragement of parents,
siblings, grandparents or other relatives, teachers, and friends as well as their self-
motivation to engage in a set of 13 selected science activities. Based on indicated
encouragement six mean-based support indices were built for all these forms of
encouragement as well as an overarching support index counting all encouragement
received.

3.3.2 Attitudes towards science in general

The following sections of the survey tap attitudes to science (DeWitt et al. 2013; Falk, Staus, et
al. 2016), positive and negative science self-identification (DeWitt et al. 2013; Falk, Staus, et al.
2016), emotions connected to science (Bell, Shouse, and Feder 2009; Falk, Staus, et al. 2016),
science relevance (Falk, Staus, et al. 2016) and science interest (Archer Ker et al. 2013; Falk,
Staus, et al. 2016). Further, parental science attitudes (Bell, Shouse, and Feder 2009; Falk,
Staus, et al. 2016; Jacobs et al. 2005; Tenenbaum and Leaper 2003) and peer science attitudes
(Falk, Staus, et al. 2016) are investigated. Most of these items were operationalised as 5-point
Likert scales. In order to confirm the underlying and cross-cutting components in science
attitudes as derived by earlier studies another principal component analysis (PCA) was run
using all Likert-based items of wave 1 data.

The PCA was conducted on 18 items with oblique rotation, again assuming correlation
between underlying components. The Kaiser-Meyer-Olkin measure verified the sampling
adequacy for the analysis KMO=0.89 (‘good’ according to Kaiser 1974), with all individual KMO
values >0.77. Bartlett’s test of sphericity, x*(153) = 8808,28, p<0.001, indicated that the
correlations between the individual items were sufficiently large for PCA2. An initial analysis
was run to identify the number of components with eigenvalues over Kaiser’s criterion of 1.
Hence, four components that commonly explain 58% of the variance were identified. Based
on the large sample size, the convergence of the scree plot and Kaiser’s criterion, four
components were retained in the final analysis.

2 For more information on the tested assumptions you might refer e.g. to Kaiser 1974 and Field et. al
(2012).
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Whereas parental and peer science relevance resemble the findings by Falk and colleagues
(2016), the component ‘positive science attitude’ is more comprehensive and blurs the
distinction between the Synergies concepts of ‘Science Enjoyment’ and ‘Science Relevance’,
which is why we have named it ‘Positive Science Attitude’. This component is related to a
‘Negative Science Self-Concept' whereas a low score at the latter implies a high score at the
former. The internal reliability was tested with Cronbach a. The internal reliability of the
,Negative Science Self-Concept,’ as indicated by the rotated PCA has been improved by
including ,Science is not for me’ and removing ,| have no idea what my family thinks of science’
based on a low correlation with the overall scale (r.drop = 0.26), which improved the internal
consistency (Cronbach o from 0.46 to 0.59).

Table 7 - Pattern Matrix of science attitudes PCA, incl. factor loadings >0.40, factor loadings >0.50 in bold print

Oblimin rotated factor loadings >.40
Positive Parental Peer Negative

Item in Survey Science Science Science Science
Attitude Relevance Relevance Self-concept

| find science to be really interesting

| enjoy learning science 0.73
How do you feel when you think of 0.73
‘SCIENCE"?

Bored - Neutral - Fascinated
How do you feel when you think of 0.69
‘SCIENCE"?

Means nothing - Neutral - Means a
lot

Science is helpful in understanding 0.68
today's world
| see how science relates to my life 0.62
How do you feel when you think of 0.58
‘SCIENCE"?

Afraid - Neutral - Excited
| think | would make a good scientist | 0.52
Science is not for me 0.50 0.45
Are there science topics that you 0.43
find particularly interesting? Which
ones? (counts number)

My parents are interested in science 0.82

My father talks to me about science 0.79

My mother talks to me about science 0.78

My close friends like science 0.90

My close friends enjoy science 0.87

My way of thinking and learning 0.75
makes it hard to understand science

Other people of my age find it easier 0.60
to learn science topics than | do

| have no idea what my family thinks 0.42 0.55
of science

Eigenvalues 4.47 2.31 1.88 1.73

% of variance explained 0.43 0.22 0.18 0.17

a 0.86 0.79 0.84 0.59
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Positive Parental Peer Negative
Item in Survey Science Science Science Science

Attitude Relevance Relevance Self-
Concept

| find science to be really interesting 0.82 0.28 0.34

| enjoy learning science 0.79 0.32 0.37 0.20
How do you feel when you think of 0.79 0.22 0.35 0.32
‘SCIENCE’?

Bored - Neutral - Fascinated

How do you feel when you think of 0.74 0.15 0.34 0.21
‘SCIENCE’?

Means nothing - Neutral - Means a lot

Science is helpful in understanding 0.60 0.27 (ONK -0.10
today's world

| see how science relates to my life 0.64 0.36 0.22 0.05
How do you feel when you think of .64 0.15 0.32 0.31
‘SCIENCE"?

Afraid - Neutral - Excited

| think | would make a good scientist | 0.63 0.35 0.34 0.25
Science is not for me 0.64 0.25 0.28 0.56
Are there science topics that you find | 0.47 0.21 0.12 0.29

particularly interesting? Which ones?
(counts number)

My parents are interested in science 0.34 0.85 0.30 0.06
My father talks to me about science 0.30 0.81 0.23 0.16
My mother talks to me about science | 0.29 0.80 0.26 0.03
My close friends like science 0.35 0.26 0.91 -0.01
My close friends enjoy science 0.36 0.32 0.90 -0.03
My way of thinking and learning 0.27 0.04 0.00 0.77
makes it hard to understand science

Other people of my age find it easier = 0.14 0.01 -0.25 0.62
to learn science topics than | do

| have no idea what my family thinks 0.03 0.41 0.08 0.54
of science

Table 8 - Structure Matrix of Science Attitudes PCA, factor loadings >0.50 in bold print

Each of the four components is comprised of individual items which can be scored for each
respondent to create a latent variable that corresponds to the underlying dimension or
component. Each identified component was remodelled as an index ranging from 1 to 5
independently from the number of items included in the index, with 1 implying the highest
possible opposition towards the concept and 5 the highest agreement.

3.3.3 Attitudes towards school science

Diverging STEAM learning ecologies must not only be understood as an ‘achievement gap’
resulting from a ‘student deficit’ perspective (Carlone, Haun-Frank, and Webb 2011). Good
achievements in school science are not necessarily linked to personal science interests or
identification with science (Carlone, Haun-Frank, and Webb 2011; Gorard and See 2009;
Jordan 2010).

Based on the efforts made in the Synergies and ASPIRES projects, STEAM learning ecologies
were operationalised explicitly in both, the informal and the formal context.
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As far as attitudes towards science taught in formal settings are concerned, the learners were
asked about their favourite school subject, their perspective on their school performance
according to their teachers as well as their attitudes towards school science, based on two
items - “Science lessons are exciting” and “I look forward to my science lessons” (DeWitt et
al. 2013). A mean-based index was created summarising school science attitudes with wave 1
data (Cronbach o= 0.85).

3.3.4 Socio-Demographics

The following section introduces the socio-demographic variables operated in the survey.
Socio-demographics are included in the last part of the survey in order to prevent primacy
effects or breakoffs possibly provoked by demographic, potentially 'too personal' or just
'boring' questions (Stoutenbourgh 2008).

Socio-economic status for youth usually refers to parental and family background, assessed
by occupational status, educational qualification and income (Gorard and See 2009). Since
the economic situatedness of the learner is undisputedly linked to the educational capital, the
survey only operationalised the latter. In order to collect information about the educational
capital from younger and older learners alike, not overburdening the respondents, questions
were not directly included in the self-administered survey, but in the consent sheet filled
directly by parents/guardians in case of minor participants, or the participants themselves in
case of majority3.

An index was created informing about the educational capital of the learner by using
information of their parent’s highest level of education completed, their current profession
(collected according to ISCO-08 major groups (International Labour Organisation 2008) and
the number of physical reading materials that are available in the household (DeWitt et al. 2013)
(a=0.57). In case that both parents’ educational and professional status had been collected,
data of the higher-ranking parent was included in the index (International Labour Organisation
2008). On the condition that information on the parents’ occupational and professional status
was lacking completely, the mean value of persons with the same educational level was
imputed based on the amount of reading materials available at home and vice versa (19.4% of
occupational and professional status were imputed, 0.02% of book counts were imputed for
wave 1). In case of the unaccompanied minors, who participated in the study, no educational
capital could have been computed, since educational and professional status of their
guardians were not available, and the number of reading materials could - in their specific
situation - not be used as a proxy.

The added results ranged from 2 (indicating the lowest score in all three categories) to 10
(indicating the highest score in all three categories). The scale was then summarized into three
categories:

* low cultural capital, ranging from 2 - 4.5, representing the lowest educational
strata

* medium cultural capital, ranging from 4.6 - 7.5, representing the medium
educational strata

3 For further information regarding the consent sheet and the consenting process see Annex section
9.1.2
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*

high cultural capital, ranging from 7.6 - 10, representing the highest educational
strata

Additionally, participants were asked who they live with at home, to inform about the family
setting of the respondents.

The survey asked for the current place of living providing for three options: countryside,
outskirts of a city/close to a city and in the city.

In order to avoid possible pitfalls of operationalising gender as closed end variable (Déring
2013), gender-identity was operationalised as an open-end question and coded in three

"o ou

categories afterwards, namely “female”, “non-binary” and “male”.

While not being able to cover the diverse field of disabilities fully, the survey asks, whether
the respondents experience serious difficulties with hearing, seeing, speaking, or moving.

The international context of the SySTEM 2020 project makes it difficult to operationalize
ethnicity at a country-specific but comparable level. An additional complication is added by
GDPR regulations, which prevents questions about ethnicity except for specific justifications.
Therefore, the SySTEM 2020 survey operationalized the concept of migration experiences
only, while knowing that they do not fully cover the issues at hand and hence need to be
interpreted with care.

Additionally, the languages spoken by the parents when talking to each other were collected.
In case that both, the parents as well as the surveyed learners use more than one language a
multilingualism dummy-variable was inferred.

Migration experiences have been operationalized as dummy variable asking for the
respondent’s country of birth, their first language (Cronbacha = 0.78). Both respondents born
outside of the country of the partner institution as well as respondents having a first language
deviating from the main languages spoken in the partner country have been coded as 1,
counting those having made migration experiences themselves as well as potential second
generation migrants. Since learners might also grow up learning two languages at once,
additionally the language spoken by the parents/adults at the learners’ home were taken in
consideration in case parents used languages deviating from the countries’ official languages
when talking to each other, the learner’s migration experiences were equally coded as one.*

The survey investigates learners between age 9 and 20 throughout the period of one year. The
yet-to be 9-year olds are hence 8 years old in wave 1, the still-20-years old of wave 1 are 21 at
the second wave. The survey operates with 4 age groups: 8-11-year olds®, 12-14-year olds, 15-
17-year olds and 18-21-year olds.

In addition, learners are asked about their current school and job situation, the highest level
of education completed as well as already made job experiences. Learners are further asked
who they share a home, their material living conditions were investigated asking for the
number of computers, televisions, smart phones (in use), cars and music instruments at home.

4 In case of survey data for longitudinal respondents, only the languages spoken by parents indicated
in wave 1 were used to infer migration experiences.

5Since 8 year old learners in wave 1are 9 year old in wave 2, this age group only covers 9 to 11 year olds
in the wave 2 group of the longitudinal sample.
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3.3.5 Survey adaptations between wave 1 and 2

Based on the experiences and the data collected in wave 1 as well as the requirements of the
online survey version 9 minor adaptions are made in the survey for wave 2.

(1) In order to emphasise the importance of participating again in the survey, the
introduction sentence from wave 1 has been changed into: “Thank you for your help
with this survey!” with “THANK YOU FOR PARTICIPATING AGAIN IN THIS SURVEY!".
Partners engaging new participants were urged not to make this change.

(2) Question Matrix 1 lacked an ‘in” in the English version only. This error was only
discovered after roll-out of wave 1. For wave 2 the item was corrected to ‘Visit websites
during out-of-school-hours to learn about things you're interested in’

(3) Question 6 operates with three consecutive Likert scales, all of them only being labelled
in the middle position as well as on the outermost poles while offering 5 circles to tick
(Mellor and Moore 2014). Practice partners reported that some respondents found it
difficult to answer the questions. In addition, the online-implementation and the
restricted graphical elements in the Lime Survey display made it necessary to change
the labels for all three Likert scales for the wave 2 survey version. For demonstration
question 6.1 ("How do you feel, when you think of 'SCIENCE") is displayed in figure 2:
Whilst wave 1 operationalised this question labelled on three points, namely Bored -
Neutral - Fascinated, wave 2 options needed to reformulate the labels to demarcate
the distinction between the different answer options.

) O () @ )

Very bored Rather bored In between Rather fascinated Very fascinated

<
<« »

Figure 2 - Question 6.1 - How do you feel, when you think of 'SCIENCE'? as modlified for wave 2

(4) Practice partners reported that some respondents complained about the repetitive
character of the survey. Since Item 9.3 (“My close friends like science”) is rather similar
to 9.8 (“My close friends enjoy science”) item 9.3 was deleted for wave 2.

(5) The answers obtained form question 10 ("Please choose your circumstances") hinted at
potential issues of understanding. Hence, the categories offered were reduced in their
level of detail, removing unpopular answers from the options given as well as dividing
the first option into two separate items to be chosen.

(6) Coding the answers given to question 11 led to the introduction of a new favourite
subject often named using the provided ‘Other’-category: Informatics (Coding,
Multimedia), which is now provided as choose-able option.

(7) In parallel to question set 6, question 12 required additional labelling for all 5 answer
options.

(8) Question 19 required a double check among all partners. This question asks whether
the survey language corresponds to the first language of the respondent. The English
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survey version, that was translated by the practice partners, was not adapted to the
local survey version by all partners. Answers to the question were corrected before
analysis. In order to avoid this error for wave 2 special attention was drawn to this
question.

(9) Question 22 asked for the number of persons living in the learner’s home, however, did
not differentiate between children and adults. Contrary to the expected possibility to
use this information in the context of question 28 investigating the possession of typical
consumer goods, the analysis of wave 1 showed that this link cannot be established.
Hence, for the sake of shortening the survey, this question was dropped for wave 2.

(10) The online survey additionally includes a question asking about "In which country do
you live". This question was included in the online version only to ensure proper
classification of potentially new respondents not having token-based access to the
survey.

The online survey version additionally omitted asking participants for their names - participant
IDs were instead used as tokens for linking survey wave 1 and wave 2 data (see Annex Chapter
9.1.3 for more details on the underlying pseudonymisation process).

In addition, an open online survey was created to enable the engagement of new participants
in the study. This link-based online survey was an exact replication of the wave 2 online survey,
however, additionally included the four questions of the paper consent sheet tapping the
mother's and father's highest level of education and current occupation.

4, Data Collection Process

While the survey was designed by the ZSI team, the data was collected by the 19 practice
partners and third-party members of the SySTEM 2020 project consortium. The following
chapter elaborates on the roll out of the longitudinal survey in both wave 1 and wave 2.

4.1 Roll out of Survey Wave 1

Wave 1 of the data collection was exclusively using paper-based surveys, directly filled by the
respondents in a supervised setting (see D3.1).

The first survey wave was planned to happen between February - April 2019. Due to delays in
an amendment-process, KCL SG was not able to start working on the SySTEM 2020 project
until April 2019 resulting in survey data being collected until June 2019.

While the specific effects of incentives is dependent from the survey mode and the timing of
incentives being offered, studies across several survey modes and strategies suggest a
general effect of incentives on increasing response-rates (Collins et al. 2000; Galea and Tracy
2007; Laurie and Lynn 2008). Therefore, the common decision was taken with the partners to
use incentives in the roll-out. Whilst the choice of incentives remained with the partner
institutions, it was commonly agreed to not overspend the price of a T-shirt per participant.
Every survey participant was supposed to receive an incentive individually upon completion.
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For instance, TCD handed out vouchers for their own Science Gallery museum shop, CPN used
the SYySTEM 2020 visual identity to print bags and pens handed out to survey respondents.

In order to guide practice partners through the survey process, the ZSl team set up a handbook
explaining all decisions taken and directing the sampling procedure, the preparation of data
collection and survey roll out, as well as coding the responses. In addition, partners were asked
to document the sampling and roll-out process, writing down the way participants were
selected, invited, and supported during the roll-out.

Not all partners were able to recruit the non-dominant respondents they were aiming for. Three
partners reported the consent-sheet requiring the authorization and additional information of
the parents represented a barrier for some potential participants from non-dominant groups
otherwise reached by the practice partner institutions. This experience coincides with findings
from earlier studies suggesting that those participants not responding to a survey might differ
demographically from those answering the questionnaire (Nulty 2008).

Most partners achieved rather high response rates - more than every second invited
respondent filled the survey in with 11 partners. Only two partners, achieved a response rate
of 25% and below. Most partners included the survey-roll out in one of their workshops and
events. Support was offered for young learners and learners who needed assistance. Two
thirds of the practice partners and third parties (13 out of 19) collaborated with formal
education structures, such as existing collaborations with teachers or schools to recruit survey
participants. Collaboration with schools was perceived as easing the process. This was even
more the case when supportive teachers prepared their classes for the survey situation and
helped organizing the consent procedures.

In total, 1322 valid response sets have been collected by the 19 practice partners involved.
Based on the size and frequency of their workshops, four practice partners were not able to
reach the target of 60 respondents for wave 1. Nevertheless, the overall target of surveying
1140 learners for survey wave 1 was met.

Number of Respondents per Partner (n=1322)
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Figure 3 - Number or respondents per partner of wave 1
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4.2 Roll out of Survey Wave 2

In line with the preparation of wave 1 also the roll out of wave 2 was guided by a specifically
produced checklist set up by the ZSl team. Early calls were organised by ZSl in M17 (November
2020) to talk with practice partners and third-party members about best practices in wave 1
and the upcoming steps and processes.

At this point PC informed the ZSI team that they will not be able to reach the same participants
of wave 1 for wave 2. Due to their specific collaboration with schools during wave 1, consent
sheets were kept by the collaborating schools making a re-identification of participants
impossible. Therefore, it was agreed that PC will only include new participants for wave 2. In
addition, it was agreed that all partners were allowed to include new respondents in the data
collection to be more inclusive, enabling partners to engage not just wave 1 participants, but
all participants of an organised workshop in the survey. Involving new participants was also a
last resort for partners to be implemented in case that their reached response rate to survey
wave 2 was extremely low.

Partners were free to choose, whether they would like to use the online survey or the already
known paper-based survey version for wave 2. Upon notification, the translated online survey
was included in the Lime Survey version. In total, the SySTEM 2020 online survey version
worked in 13 different languages (see section 3.3). An additional open survey was created for
involving new participants. Partners were hence enabled to collect data in three different ways
- using the paper survey, the online survey for wave 1 participants or the online survey for new
participants. As can be seen in table 9, most partners worked with only using online survey
versions.

Using paper Only using Using online Using online
. & online online survey for survey for
Only using
survey for survey for wave 1 + new new
paper survey
wave 1 wave 1 respondents respondents
participants respondents
FJ AE BSMJ CPN PC
LATRA EMBL Kl
Noesis SG/KCL MUST
uTesla Muzeiko Raumschiff
Tom Tits SG/TCD
TRACES Technopolis
Waag

Table 9 - Survey versions used by partners in wave 2

Initially, many partners planned to exclusively use paper surveys for wave 2, with its planned
duration from February 2020 (M20) to April 2020 (M24). With the COVID-pandemic hitting
Israel/Palestine and Europe right when wave 2 had taken off and planned face to face
workshops were cancelled, additional translations were included in the online survey to
mitigate the situation and enable data collection in times of physical distancing and lock-
down.
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A call was organised with all partners in April 2020, to talk about best practices for reaching
wave 1 participants in these special times. The common decision was taken to extend the
phase of data collection until June 2020 (M26) to enable partners to also seize post-lock-down
phase for data collection. This was, for example, pertinent in case of LATRA, operating in a
refugee camp in Lesvos, Greece. An online survey version would not have been accessible for
their respondents, which is why paper surveys have been used in small groups once the
organisation was allowed to re-open.

In order to raise response rates, incentives were also to be organized for wave 2, independently
of the survey mode used. The kind of incentive could be chosen by the partner organisation
in charge. Table 10 lists the incentives used by the partners.

No Material Free Entry or
Incentive | Incentive Activity
CPN AE AE
MUST EMBL BSMJ
PC SG/KCL EMBL
Kl FJ
Raumschiff Kl
SG/TCD LATRA
WAAG Muzeiko
NOESIS
Technopolis
TomTits
TRACES
uTesla

Table 10 - Incentives handed out by partners (multiple references included)

Some partners decided to offer vouchers to visit their institution to the participant (sometimes
including plus 1) such as TRACES or Technopolis. Since the museum was still closed, LATRA
took the respondents to a picknick on the beach. Other partner organisations handed out
material incentives - WAAG for example decided to distribute Do it yourself Virtual Reality
glasses with a list of links to find instructions, AE handed out branded light bulbs, TCD SG
organised a prize-draw to win 15 times €5.

Due to the Covid-19 pandemic and the use of the online survey instead of face to face
workshops, CPN, MUST and PC have - contrary to common guidelines - not used any
incentives.

In total, 18 partner organisations reached 736 wave 1 participants a second time for wave 2.
Additionally, 146 new participants were engaged by PC, AE, CPN and TomTits. Figure 4
indicates the number of collected answers in wave 2 as well as the number of collected
answers in wave 1.
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Absolute Number of Collected

Collected Data per Partner Organisation Wave 2

100

o]
o

D
o

Fés%)

wavel mwavel2:twice B wavez:new h 14
N ¢

RS q$b
S &K L

S K QO
SO R S

RCSpOnSC&
o S &
ng
@OO 37 (44%)
»y
o s
ﬁk 3
0z
7 o
2
9
F(zgz)
&,
| e
-(86/)

Main Partners and Third Parties

Figure 4 - Collected data per partner organisation wave 2

Altogether, partner organisations were able to reach 56% of wave 1 participants a second time
for wave 2. This share, however, notably varies with the data collection method employed -
those nine organisations, who were able to use face to face settings for data collection
achieved an average response rate of 69%, the ten organisations fully working online, on
average hardly reached every second participant again (49%). The use of incentives was
equally linked to higher response rates (62% on average with incentives vs. 39% without). The
collaboration with schools in wave 2 did not impact the average response rates this time (53%
with school collaborations, 59% without).

At a partner level, EMBL, NOESIS and SG/KCL reached the highest shares of 80% and more
participants a second time. Notably, these three partners were able to collect data in face to
face settings and all of them used incentives for re-engaging participants. In total, eight
practice partner organisations and third parties could reach at least a two thirds of their wave
1 participants in wave 2, all of them were using incentives, three of them were able to achieve
these response rates using online surveys as sole tool for data collection. 17 of 19 partner
organisations were able to motivate at least a third of their wave 1 learners to participate in the
wave 2 survey. Despite significant efforts to continue data collection during the lock-down,
BSMJ was only able to reach 27% of their wave 1 participants a second time. As already
introduced earlier, PC was not able to re-engage wave 1 participants for survey wave 2 and
only reached out to new participants.

The exceptional circumstances of Covid-19 with children and teenagers learning from home
and parents or guardians facing economic insecurities and overburdening based on childcare
and labour set the scene for many of the learners who answered the survey online. Perhaps,
these circumstances were even more pressing for those wave-1-participants not reached a
second time.

The requirement to do the survey online due to Covid-19 did not fit everyone's situation equally
well. From an equity perspective, the online survey was not accessible for every respondent,
e.g. those respondents not having access to individual smart phones or computers living in
remote areas (e.g. reported by CPN and BSMJ). In the context of young children, partners were
particularly dependent from parental support to collect data on wave 2, which in turn bore
aspects of inclusiveness as overburdened parents might not have the additional resources to
do so (e.g. reported by Raumschiff). Despite Covid-19, ten partners were collaborating with

38



WP3: EXAMINE DELIVERABLE 3.2: Report on survey results in 19 locations during two testing phases

teachers and schools to re-engage participants in the longitudinal survey (similarly to wave 1,
where 13 organisations collaborated with schools).

In contempt of the difficulties caused by Covid-19, the roll-out of wave 2 worked well at a
general level. In face to face settings, partners reported that learners took less time to answer
the survey (e.g. reported by EMBL) and young learners found it easier to answer the paper
survey as they were already familiar (e.g. reported by AE). Many partners also found that the
online survey option eased the process of reaching participants.

The responses collected in wave 2 were again coded by the partner organisations, either using
a pre-coded excel-sheet and a codebook guiding through the code attribution or by using a
specifically created LimeSurvey version, where partners could replicate the answers given on
paper online.

Based on participant IDs, datasets of participants reached in wave 1 and wave 2 were merged.
Merged datasets were checked for consistency. Ten datasets collected in wave 2 needed to
be excluded, since their linked dataset from wave 1 significantly deviated in terms of age,
gender identity as well as country of birth and languages spoken and could not be uniquely
linked to another wave 1 participant ID of the same partner organisation.

Inconsistent answers of relatively stable socio-demographics of the same respondents
between wave 1 and wave 2 were scrutinised at an individual level and adjusted where the
given information allowed for clear decisions. The participants' age, gender-identity, country
of birth, highest level of education and job experiences were thus adapted for a small number
of inconsistent answers. In case items for age, gender, highest level of education and
migration experiences were answered in one wave but left blank in the other, data was
imported from the given answer, whereas age was adjusted for plus/minus one year when
imported.

The reason for data inconsistencies might be manifold. At the level of the data collection
instrument, changes in question formats - on the basis of the newly created online version for
wave 2, impact the way questions are answered. Inconsistencies with regard to the country of
birth — a timely stable variable that does not change over time, unless rare geo-political
changes occur - can be related to the different question format used (open-end in paper, list
with other option at the very end online). For instance, one participant indicated being born in
Northern Ireland in wave 1 and simply picked Ireland, which was part of the pre-defined list in
the online survey, in wave 2.

Further, respondents might not remember the answer given, and e.g. consider their current
level of education as already completed in wave 1, whereas re-reading the question in wave 2
made them realise that only completed levels are eligible and hence answer differently,
resulting in decreasing levels of education, which are technically not possible.

Since partners were curating the data fully in wave 1, also coding errors are possible - this was
particularly the case with gender-identities. While gender identities might change over time,
several switched gender identities within the time frame of one year only related to coding
errors happening in wave 1.

Lastly, coding errors might also occur at the level of indicator construction and analysis.
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5. Survey Analysis and Results

The research design of WP3 aimed at a repeated measures design and respondents surveyed
twice within the period of one year. Due to dropouts and the engagement of new participants
in wave 2 the data collected resulted in three different groups of respondents (noverai=1468):

(1) The longitudinal group of respondents reached in wave 1 and wave 2 - henceforth
abbreviated with long (n=736). Respondents of all partners, but Parque de las Ciencias
are part of this sample.

(2) The group of respondents only reached in wave 1, who dropped-out afterwards and
were not reached again - henceforth abbreviated with w1 (n=586). No partner was
able to re-engage every respondent a second time, the sample hence covers all
practice partner institutions.

(3) The group of respondents newly included in wave 2 - henceforth abbreviated with
w2 (n=146). As described in section 4.2, few partners engaged new participants for
wave 2 only. Notably, this was the case for Parque de las Ciencias (PC), being unable
to re-identify respondents of wave 1, exclusively engaged new participants in wave 2.
PC contributed more than three quarters (77%, n=146) of new wave 2 respondents to
this sample. In addition, Ars Electronica (AE), the Centre for the Promotion of Science
(CPN) and Tom Tits engaged new respondents for survey wave 2.

All Partners

Wave 1 participants

Wave 1 (long + w1, n=1322) Participants only

surveyed once
(wl+w2, n=732)

Wave 2 Longitudinal Participants not
sample (long, reached again for wave +
n=736) 2 (w1, n=586)

PC, AE, CPN, TomTits

All Partners All Partners (in order of shares)

excl. PC

Figure 5- Description of samples across wave 1 and wave 2

The longitudinal group has been the clear focus of the SySTEM 2020 survey design and data
collection efforts. Nevertheless, also the answers of those learners, who were only reached
once in the period of one year, be it wave 1 or wave 2, is investigated in more detail, enabling
a reflection on discrepancies between these three data sets, shedding light on potential biases
with some groups being overrepresented in one data set, but not the other.
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At the level of descriptive analysis, respondents of one survey wave only (wave 1 or wave 2)
will be demarcated accordingly. Since both samples share the property of having been
engaged only once in the SySTEM 2020 survey, they are further pooled in a common data set
called ‘pooled sample’ and abbreviated as ‘w1+w2’ (see figure 5). This pooled sample
encompasses 732 learners and is hence nearly equally as large as the longitudinal sample
(niong=736). This pooled group will mainly be used in the analysis section, but also helps the
visual representation of w1l and w2 data. Based on the overrepresentation in wave 2, PC is still
overrepresented in the pooled wl+w2 sample, making up for more than a quarter (28%, n=732)
of the respondents.

Who are the learners engaged in the SySTEM 2020 project and how do their STEAM learning
ecologies look like? The following section introduces the surveyed population(s) from a socio-
demographic perspective. Once, the profile of the respondents is more familiarized the
methodology for further analyses is presented. The last part of this chapter elaborates on the
learning ecologies of the surveyed learners; the way activities related to science learning are
pursued, the learners’ connection with science as well as the social context their formal and
informal science learning takes place in.

5.1 Surveyed Population

As elaborated in this section, learners only surveyed once (be it in wave 1 or wave 2) differ to
some extend from the longitudinally surveyed learners (answered wave 1 and wave 2).

Longitudinal participants of the 1t wave who could be motivated to participate also in the 2"
wave:

* tend to be older (after wave 2), and therefore also tend to have a higher level of
education

* tend to have more working experience than newly included wave 2 respondents

* tend to live in families possessing a higher educational capital than the ones, who only
participated in wave 1

* tend to report less frequently having migration experiences than those only
participating in wave 1 but more frequently than newly included wave 2 respondents

*  tend to speak more often multiple languages at home

* tend to indicate comparatively less frequently facing serious difficulties with regard to
hearing, speaking or moving than wave 1 only respondents

* tend to live in cities more often

Differing in size, programmes and target-group, the practice partners reach different age
groups. As a consequence, age groups are not balanced at a partner level. No partner reaches
all age groups at an equal level. More than a third of the longitudinal respondents of WAAG,
KI, TRACES, SG/KCL and Raumschiff belong to the youngest age group of 9 to 11-year olds.
The oldest age group of 18 to 21-year olds is highest represented in the samples provided by
MUST, FJ and uTESLA. The variance of age groups reached is also visible at an aggregated
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level: As can be seen in figure 6, most of our longitudinal respondents are between 12 and 17
years old (mean age of 14.66, sd=2.91)

Age and gender distribution
longitudinal sample

30% 34%
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150 18% 18%
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9-11 (n=132) 12-14 (n=222) 15-17 (n=246) 18-21 (n=133)
Age Groups

B female MEnonbinary male

Figure 6 - Distribution by age and gender, longitudinal sample, n=733

This distribution shifted notably from wave 1 (w1+long) where the youngest group made up for
28% (367 of 1313) of the surveyed population. Along these lines, the participants, who only
were part in wave 1, but dropped out in wave 2 are younger (mean age=13.64, sd=2.84) than
the longitudinal group, but also the newly included participants in wave 2 are younger (mean
age=13.53, sd=2.92) than the group surveyed twice. The sample of participants only surveyed
once is hence younger than the longitudinal sample after wave 2°.

Age and gender distribution
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Figure 7 - Distribution by age and gender, wave 1(n=559, on the left-hand side) and wave 2 (n=137, on the right
hand side)

8 Looking at wave 1 data of the longitudinal participants, with a mean age of 13.66 (sd=2.89), the age-
profile is similar to those participants equally participating in wave 1 but dropping out afterwards.
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In the longitudinal sample gender is about evenly distributed at an aggregate level, with 52%
(niong=733) of the respondents identifying themselves as female, 1% (8 out of 733) as non-binary
and 47% as male. Female and male identified respondents are equally distributed among all
age-groups, based on the scarce presence of non-binary respondents, they are henceforth
excluded from gender-based analyses. Comparing the longitudinal sample with wave 1 only
and wave 2 only respondents, all samples are about gender balanced, with most non-binary
respondents being part of the longitudinal sample.

Only a small fraction of all learners included in the SySTEM 2020 survey indicated facing
serious difficulties with regard to hearing, speaking or moving. Whereas 9% (n.=574) of
those respondents only participating in wave 1 expressed facing these difficulties, this was the
case for a smaller share of 4% (niong=643) of the learners surveyed longitudinally and 3%
(nw2=143) of learners newly involved in wave 2. From the way this question was posed, no
inference about specific physical disabilities is made. The respondents’ self-categorisation,
however, provides the basis for further analysis, whether this perceived impairment is a
differing factor for learning ecologies in line with the literature cited above.

In total about a third (35%, ning=734) of our longitudinally surveyed respondents have
migration experiences. Without the survey respondents from LATRA, who do live in a refugee
camp and therefore make up for 15% of young learners with migration experiences in the
whole sample, still 32% of our surveyed learners have made migration experiences or live in
homes with histories of migration. From a gender perspective, female-identified learners and
male-identified learners with migration experiences or family histories of migration are about
equally represented (50% vs. 48%), whereas 2% of the learners with migration background
identify as non-binary. Comparing the longitudinal sample with learners, who dropped out
after wave 1, 40% (nwi=574) have made migration experiences. In contrast, more than three
quarters of the newly involved learners in wave 2 have not reported any histories of migration
(77%, nw2=143).

Additionally, we have asked respondents about the languages they use themselves as well as
their parents when talking to each other at home. More than a third of the learners surveyed
twice (38%, niong=736) is multilingual and speaks more than one language in everyday life. Most
of these learners (82%) live in homes, where also the adults speak multiple languages
(representing 32% of the total longitudinal sample, niong=717). Not all children living in
multilingual homes share migration experiences or histories, as speaking several languages is
also related to countries knowing more than one official language or acknowledged minority
languages. Comparing the longitudinal sample with wave 1 and wave 2 indicates the largest
share of learners living in multilingual homes are part of the longitudinal survey and less
represented in the other groups, with the lowest share of 13% (nw.=143) being part of the newly
involved participants in wave 2.
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Which is the highest level of formally obtained education of our surveyed respondents? After
wave 2, three quarters (75%, niong= 733) of our longitudinal sample has at least completed
primary school, 28% have just finished lower secondary education, one eighth of our
respondents (13%) have already finished upper secondary education levels such as high
schools. A fraction of 1% indicated to already have a tertiary degree. In relation to the younger
age profile, the highest level of education completed by one third and hence the largest
fraction (34%, n.1=558) of learners only included in wave 1 is pre-school education. While - on
average - also being younger than the longitudinal sample, nearly every second learner newly
included in wave 2 (48%, n.>=137) has already finished primary school. Once, the group of
learners only surveyed once - independently from the wave - is pooled together, a similar
distribution of highest education levels obtained by gender and is reached.
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Figure 8 - Highest Level of Education by Gender, longitudinal sample (ning=733), pooled wi1+w2 sample (nwitw2=695)

As can be seen in figure 8, from a gender perspective all levels are roughly balanced, with the
largest discrepancies amongst those learners that have not completed any level of education
yet.

The vast majority (92%, Niong=736; 92%, nw1=586; 89%, n..=146) of our surveyed learners is
represented by pupils and students, a fraction of 4% of the longitudinal sample and 3% of
learners only surveyed in wave 2 indicated going to university or relate-able institutions of
tertiary education.

Whilst also being partly enrolled in schools, 6% of those learners only being part of wave 1, and
3% of the longitudinal respondents and newly included wave 2 respondents do an
apprenticeship or are enrolled in vocational training. In total, 7% of longitudinally surveyed
learners (6%uw1, 3%w2) indicated working part- or fulltime. A small fraction of 3% to 4%iong & w2
indicated not having a job, not being enrolled in any education (NEETs). In contrast to the
NEETS only surveyed once, 18% of the longitudinal NEETS are, however, engaging in voluntary
work, which is the case for a share 5% of all longitudinally surveyed learners.
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At an aggregate level, 48% (ni,ng=713) of the longitudinally surveyed learners have already
made their first job experiences (multiple experiences possible), be it a summer job (43%), an
internship (27%), or a part time job (10%). 5% have already had a full-time job, whereas 3% have
worked as contractors or consultants. Between wave 1and wave 2 11% of our surveyed learners
(75 of 712) have newly acquired first job experiences they have not had before. While learners,
who only participated in wave 1 indicate similar levels of job-experiences (42%, n\i=566), only
19% (nw2=143) of respondents newly engaged in wave 2 suggest having worked already.

Where do our respondents live? The majority of our longitudinally surveyed learners, as well
as most of those learners only part of wave 1 live in cities (55%, Niong= 708; 46% n.=575). Only
a small share of longitudinal (11%) and wave 1 respondents (17%) live on the countryside. For
our group of learners surveyed twice, wave 2 results enable an identification of newly moved
participants. Figure 9 plots the place of living indicated in wave 1 against responses from wave
2. Most of our longitudinal respondents (82%, ni,ng=708) have not moved across these levels.
This is particularly visible with regard to learners living in cities in wave 1 and wave 2 (87%).
More than a third of those, who have moved (36%, n=125), lived in cities in wave 1 and live in
the outskirts in wave 2 (representing a share of 11% of all learners living in outskirts in wave 2).
In contrast, 27% (n=125) took the other way and moved from the outskirts to the city. About
every 7" learner who moved (15%, n=125) left the city outskirts for the countryside.

Place of living

longitudinal sample
Number of respondents

0 100 200 300 400
city w2 (n=392) 8% 15% 87% 55%
outskirts w2 (n=237) 18% 77% 11% 33%
countryside w2 (n=79) | 73% 8% 11%
countryside w1 (n=71) outskirts w1 (n=232)  mcity w1 (n=405)

Figure 9 - Place of living, longitudinal sample (n=708)

At a partner level, the shares vary respectively as can be seen in figure 10. The largest share of
longitudinal learners from the countryside (more than 40% of the respondents) has been
reached by AE, followed by Technopolis, who reached more than a quarter of respondents
living in the countryside (28% of their respondents). SG/TCD, WAAG, AE, Utesla, Raumschiff
and Technopolis further reached more respondents from the city outskirts and city
surroundings than learners directly living in the cities.

As visualised in figure 10, moving did not happen across all partner organisations equally, with
Tom Tits (41%), WAAG (33%), Technopolis (33%), BSMJ (30%) an EMBL (25%) representing the
highest shares of newly moved leaners. In contrast the longitudinal sample of Utesla and
NOESIS does not include a single learner that moved between wave 1and wave 2 (across the
levels outlined).
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Figure 10 - Place of living by partner organisation, longitudinal sample, n=708, no change (n=583), newly moved
(n=125)

Comparing the longitudinal sample with those participants, who only participated in wave 1,
several participants living in the countryside could not be reached a second time (representing
17% 98 of 575 dropping out), albeit the overall representation only slightly lowered between
all wave 1 participants (w1+long) and the longitudinal sample (11% of 720). More than a third of
the learners newly involved in wave 2 of the survey indicated living in the countryside (36%,
nw2= 143), an equal share lives in the cities and the remaining 28% live close to a city.

What do the homes of our learners look like? About three quarters (73%, Niong=727; 75%,
nwi=578) of our surveyed learners indicated to live in two-parent households’, while this is the
case for 80% of the learners newly engaged in wave 2 (n.»=145). More than two thirds of all
surveyed learners (70%, Niong=736; 72% nw1=586; 70%, nw.=146) further live together with their
siblings. 18% of the longitudinal sample and learners, who dropped out after wave 1, and 13%

of newly included wave 2 respondents live together with one parent, which is in more than
80% of the cases the learner’s mother.

2%w2 t0 3% 1ong+w1 live in patchwork families with their single parent’s new partner. 7% of the
longitudinally surveyed learners — and about equally as many learners part of w1 (8%) or w2
(6%) only - live in extended families, with at least one of their parents and at least one
grandparent.

5% of all longitudinal respondents and 3% of respondents only surveyed once in wave 1 or
wave 2 live together with their guardians or foster parents. While all three samples largely
resemble each other, figure 11 summarises the living environments of the longitudinally

"Two-parent households have been calculated on the basis of indications that a respondent lives together with their
mother and father. In case, respondents indicated living with two mothers or two fathers, they were equally coded
as living in a two-parent household.
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surveyed group. 4% thereof live in differing living arrangements, whereas the majority of those
not living with parents or guardians (73%) live on their own, only a small share (15%) lives with
their grandparent(s), 8% with other relatives and 4% with siblings.

Who do you live with?
longitudinal sample

Two parents (n=532) = 6% 2% 73%
: _ 11% N
A single parent (n=134) ‘155 ., 18%
Foster parents (n=35) 5%
8%
. parental partners grandparents
Other (n=26) 4% . L 141
( other relatives Bonly siblings
15% 4% Eon their own
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Figure 11 - Living environment, longitudinal sample (n=727)

Looking at the dynamics between wave 1 and wave 2, for more than two thirds (69%, 505 of
727) home constellations have not changed. Nearly every 5" learner (18%, 40 of 222, see figure
12) with changed living environments, newly lives together with siblings. In contrast, nearly a
quarter (23%) of respondents no longer live together with sisters or brothers. Every 10" learner
experienced one parent moving out (10%), while a share of 9% newly live together with two
parents. Also, 8% moved out of parental homes. About equally as many learners no longer live
in extended families (9%). Also, several new pets or learners’ partners moved in (13%, labelled
as ‘Other’ in figure 12). Since these changes might overlap, i.e. one learner experiencing
several of these changes, the shares do not add up to 100%.
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Figure 12 - Dynamic homes, longitudinal sample participants who experienced changes, multiple options possible
(n=222)

The family shapes the learners’ habitus and the educational capital they possess. With regard
to the educational background, across all samples (longitudinal sample as well as wave 1 and
wave 2 samples) low education backgrounds remain the least represented (shares between
12-17%), whereas respondents from medium educational strata and highly educated families
make up for at least 38% to 52% of the samples.

Educational capital by sample
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Figure 13 - Educational capital by group

In wave 1 (wl+long) learners from low educational households represented 14% (179 of 1254).
This share has slightly fallen to 12% (niwng= 695) in the longitudinal sample. Consequently,
learners with low educational capital represent a slightly higher share (17%, nwi=559) of
dropped out respondents between wave 1and wave 2 (w1). Medium capital learners are equally
represented (44%) in the longitudinal sample as well as in the dropouts after wave 1. High
capital learners are slightly better represented in the longitudinal group 43% (niong=695) than
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in wave 1 (w1 and long, 41%, n=1254). In contrast, every second participant newly involved in
wave 2 stems from high education backgrounds (52%, nw2=143), and 39% (nwi= 559) with high
education background dropped out after wave 1.

The way these strata divide on partner level, are, however, quite different, as can be seen using
longitudinal data in figure 14. BSMJ and NOESIS are the sole partner institutions whose
respondents from low educational strata represent 40% or more. In contrast, high education
capital learners are oversampled by eight organisations, representing 50% and more of the
longitudinally surveyed group (SG/TCD, Kl, MUST, CPN, EMBL, MUZEIKO, SG/KCL and
Raumschiff).
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Figure 14 - Educational capital per partner organisation (longitudinal sample, n=695)

The SySTEM 2020 survey further investigated the material living realities of the learners, and
more specifically tapped the availability of specific goods required to enable (accessibility to)
broadly science-related activities.

Looking at the material living realities, the minority of all surveyed respondents do not have at
least on television at home (5%, Niong=715; 4%, Nw1=553; 1%, Nw,=142). Shares of the longitudinal
have not notably shifted between wave 1 and wave 2, with about 9% indicating that they have
fewer TVs, but equally as many (9%,) reported having more TVs in wave 2.

Also, most learners’ families (91%, Niong= 656; 86%, Nw=567; 99%, n..=143) do have at least one
car, van or truck at their home. Again, the shares of the longitudinal sample only changed
marginally, with 9% (56 of 656) indicating having fewer and 8% (57 of 656) indicating having
more cars at their homes in wave 2.

In wave 2, one newly included learner (1%, n..=143) and two longitudinal learners indicated
having no smart phone at home (0%, niong=714). In contrast, 3% of respondents dropping out
of the survey after wave 1 (nwi=544) indicated not having a smartphone at home that is still in
use.
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The vast majority of respondents (97%iong; 92%wi; 98%w2) reported having more than 2
smartphones at home, more than a third of the longitudinal sample and the w1-only-sample
(836%iong; 35%w1) indicated having more than 5 smartphones at home that are still in use.® In
contrast to wave 1, 14% of the longitudinal sample indicated having more smartphones in wave
1; for more than three quarters (77%, 72 of 93) of them, this implied having one smartphone in
wave 1 and at least five or more in wave 2. 12% thereof (80 of 695) reported having fewer
smartphones at home. On a statistical level, these changes are not significant.

Similarly, the vast majority of our respondents (96%, Niong=707; 95%, Nwi=549; 97%, Nu2=142)
indicated having at least one computer or tablet at home, more than every second respondent
(59%i0ng; 60%wi; 66%w2) has between 2 and 4 computers or relatable tools at home, nearly a
quarter of the longitudinal sample, and 18%.. to 19%.: have more than 5 computers at home.
17% of the longitudinally surveyed respondents (ni.ng= 698) indicated having more computers
or similar items at home in wave 2, about equally as many, namely 16%, indicated having fewer
items at home. On a statistical level, these changes are not significant.

Lastly, our surveyed learners were also asked about music instruments they have at home.
More than a quarter (29%, niLng=695) of the longitudinal learners and a third of learners
dropping out after wave 1(34%, nwi=571) reported not having an instrument at home, while this
was only the case for 24% of learners newly included in w2 (n\,=143). About 1 of 6 longitudinal
learners (18%, Niong=695) reported having more instruments at home in wave 2, in contrast 14%
(ning=695) indicated a decrease of music instruments in their home.

5.2 Methods used for explorative analysis

The SySTEM 2020 project managed to engage a heterogeneous group of young learners
across different countries and social strata. Descriptive analyses will be used to shed light on
the learning ecologies of the included samples. As discussed in the analytical framework
(section 2.3) learners' educational capital is highly influential when it comes to their learning
ecologies. These influences intersect with gender stereotypes, who exacerbate differently by
class and - in our case - educational strata. In addition, learning ecologies are age specific, an
8-year-old naturally learns quite differently from a 21-year-old. The explorative analyses
examine the learning ecologies based on these potential group-based differences described
in literature.

The analysis puts an emphasis on the findings of the longitudinal sample (‘long’, n=736).
Nevertheless, answers from those respondents only reached once - be it in wave 1 or in wave
2 - will equally be described and contrasted. As we have seen in section 5.1 wave 1 dropouts
differ from the group of newly included learners in wave 2. In order to reach a heterogeneous
data set and sup-group sizes that allow for meaningful comparisons (group-size n>30 needed,
described in section 5.2.1), answers of wave 1-drop outs and respondents newly engaged in
wave 2 were pooled to a common dataset henceforth called ‘wl+w2’ (n=732). While the

8 Being clearly dependent from the number of persons living in one household, respondents from LATRA living in
the refugee camp and sharing homes with several cohabitants (between 5 and 35 have been reported in wave 1,
resulting in the median of 15 in contrast to the median 4 of all other organisations’ respondents). When excluding
LATRA respondents from the longitudinal sample, still a share of 34% (230 of 679) report having more than 5
smartphones.
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longitudinal sample will be used to identify significant intra-individual changes over time, the
pooled wl+w2 sample will be analysed from a cross-sectional perspective.

Learners participating twice in the survey are, as outlined in subchapter 5.1, likely to differ from
the sample of learners only surveyed once as they tend to express a particularly high interest
in science (see section 5.3.2). The process of positive self-selection caused by the longitudinal
design hence impacts the representativeness of the groups, which is why the pooled sample
of wave 1 or wave 2 only respondents is likely to be more representative of the learners
reached by the practice partner organisations in general. The following sections explain the
selected groups of comparison for both samples as well as the used methodological tool kit
to test for hypothetical group-based differences within the samples.

In order to avoid an inflated a-error and to keep group-sizes sufficiently high, two composite
indicators were created combining (1) information on age and gender-identity of the learners
and (2) information on educational capital and gender-identity of the learners.

According to the literature review, gender differences pronounce with age, with gender roles
and stereotypes influencing the life of a teenager more strongly than the life of a child (e.g.
Brickhouse 2001; Archer et al. 2013; Archer, DeWitt, and Willis 2014) The first composite
indicator linking age with gender was hence created by splitting age in two groups - below
age 12 and above age 12, coinciding with most of the learners above age 12 having finished
primary education. These two groups were once again split by gender, resulting in 4 groups
of comparison for both the longitudinal sample and the pooled w1+w2 sample: girls below age
12, boys below age 12, young female-identified learners above age 12, and young male learners
above age 12.

gender short name

below age 12 female f<12 61 91

below age 12 male m<12 70 9.7% 98 14.1%
above age 12 female f>12 320 44.1% 257
above age 12 male m>12 274 37.8% 248 35.7%

total 725
sample size

Table 11 - Composite age-gender index (longitudinal sample & wi+w2)

Since the SySTEM 2020 project addresses 9 to 20-year-olds, the majority (82%) of our
surveyed learners in wave 2 are above age 12. The largest of the four compared groups are
female-identified learners above age 12. Nevertheless, the group below and above 12-year-olds
are roughly gender balanced.

The second indicator strives to include cultural capital and gender. This composite indicator
was set up, splitting low, medium and high educational capital groups by gender and hence
resulting in six categories for both samples: female and male identified learners stemming
from low educational strata - representing the smallest groups, female and male identified
learners socialised within medium educational strata and female and male identified learners
with high educational capital. Notably, learners from LATRA are excluded from this composite
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indicator since the way educational capital was operationalised did not fit their living realities
as refugees.

educational | gender short name

low female f-low 46

low male m-low 38 5.6% 49 7.4%
medium female f-med 157 23.0% 157 23.6%
medium male m-med 145 21.2% 128 19.2%
high female f-high 162 23.7% 127 19.1%
high male m-high 136 19.9% 145 21.8%

total sample 684
size

Table 12 - Composite gender-educational capital index (longitudinal sample & w1+w2)

Age, gender, educational capital and changes between wave 1 and wave 2 were analysed one
by one as well as in their intersections using robust comparisons of means suitable to the
unequal group-sizes.

A comparison of means is a statistical method to test whether differences between two or
more groups are attributable to chance or whether, with high probability, these differences
really do exist, i.e. they are statistically significant. Significance, however, does not inform
about the effect of this difference - also a highly significant difference (p<0.001, implying that
the probability of this difference to exist lies beyond 99.9%) can only have a small effect in real
life. To learn more about the effect of a difference, the effect size is calculated in addition. In
educational research effect sizes (reported as r) above 0.5 are considered a large effect,
effects between 0.3 and 0.5 are considered a medium effect and between 0.1 and 0.2 a small
effect (Cohen 1992; Archer Ker et al. 2013).

In order to compare means with one another based on differing group-sizes non-parametrical
methods were used. In case of independent means, i.e. means stemming from persons of
potentially differing groups, Wilcoxon rank-sum test was used when comparing two groups
with each other and the Kruskal-Wallis test was used for comparing more than two groups. In
order not to inflate the a-error, levels of significance have been Bonferroni corrected. In case
of dependent means i.e. means of values belonging to the same persons, which is the case for
longitudinal data, the Wilcoxon signed-rank test was used for two group comparisons, a robust
mixed two-way ANOVA was used to compare multiple groups with each other testing for in-
group and between-group differences as well as interaction effects (Wilcox 2017). When doing
multiple comparisons, levels of significance have again been Bonferroni corrected.

5.3 Findings of wave 1 and 2

Following Falk and colleagues (2016a) we have asked our participants about the frequency of
their engagement in a set of 19 science related activities. The understanding of science
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operationalized in these activities covers a broad range of potential moments of learning,
including going to public libraries, cooking, reading, doing sports, repairing things, or caring
for pets. The frequency-scale ranges from - ‘every day or almost every day’ to ‘hardly ever or
never’.

The majority of our longitudinal respondents (56%, n=736) engage in more than a quarter and
up to 50% of all given activities on a regular basis in wave 2, 41% are engaging in up to three
quarters of all given activities, resulting in 97% of our sample who participate in up to three
quarters of all given activities on a some-how regular basis. The distribution also holds with
regard to the newly engaged learners in wave 2 and those learners, who dropped out after
participating in wave 1. We can thus conclude that the chosen set of activities makes part of
most of our learners’ science ecologies.

Is there any difference with regard to the specific activities our learners engage in?
5.3.1 STEAM learning activities pursued

Engagement in self-directed science learning activities in a narrow sense (calculated as
mean value index ranging from O to 4) such as doing a science-experiment at home, taking
things apart or repair them, or watching online videos about science did not significantly vary
over time in the longitudinal sample. On a general level, 23% (Niong=735 & Nuww2=727) of the
learners indicate that they engage in these activities at least on a weekly basis (a score of 3 or
4 on the index). Yet, only 7% of the learners in the longitudinal sample, but 12% of the pooled
wl+w2 sample say they hardly ever engage in this kind of activity (score O on the index).

As suggested by the results of earlier studies (Archer et al. 2013), in our study, male learners
are more likely to engage in these self-directed science learning activities. This effect is highly
significant in the longitudinal sample (m=1.91, m=1.54, p<0.001, r=0.22)°. Also, our pooled
sample identifies this relationship, albeit with a smaller effect-size (mn=1.81, m=1.53, p<0.001,
r=0.14). In the longitudinal sample, this relationship exacerbates at a young age, with a medium
effect between young boys and young girls (Mm«2=1.47, ms12=2.02, p<0.05, r=0.31) and persists
at the level of teenagers (Mm>12=1.89, M¢1,=1.55, p<0.05, r=0.20). Young boys are more likely to
engage in these activities than female teens (p<0.001, r=0.22), and male-identified young
adults are more likely to regularly do self-directed science learning activities than young girls
(p<0.05, r=0.18).

In the pooled data-set no gender-based differences at a young age are identifiable. Similar to
the longitudinal sample, however, significant age-based gender-differences in wl+w2 can be
identified between young boys (mm«2=1.83) and female teens (m:12=1.52, p<0.05, r=0.16), as
well as female and male teens (mm-12=1.8, p<0.01, r=0.19)

In case of male-identified learners, the likelihood to do these activities at home further varies
with the educational background in both samples: male-identified learners from high
education backgrounds are - on average - most likely to engage in self-directed science
learning (long: Mm.high=2.12, sd=0.41; wl+w2: Mmhigh=1.92, sd=0.9) and their probability to do so
significantly differs from female-identified learners of all educational strata, with the strongest
effects found in the longitudinal sample, when comparing male learners from highly educated

® The full table of results can be found in the Annex (section 10.5). When reporting results of time-insensitive
longitudinal data, only wave 2 results are reported in the deliverable at hand. Reported standard deviations for
longitudinal answers have, however, been adjusted to the longitudinal design using data from wave 1 and wave 2.
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backgrounds with female-learners from medium (Mgmea= 1.52, p<0.001, r=0.34) and high
educational strata (my.nigh=1.53, p<0.001, r=0.34).

The engagement in art-centred science learning activities acting in a drama class, making
music or dancing, was equally measured as mean value index ranging from O to 4.

Nearly one third (32%, niong=735) of our longitudinally surveyed learners, however, only a
quarter (25%, nwiw2=731) of our wl+w2 learners engage at least weekly in art-centred activities
which can foster science learning. 16% of the longitudinal sample and 19% of the learners
surveyed once hardly engage in this kind of activities.

With our longitudinal sample, the
values for these activities are

girl boy
significantly higher in wave 2
(mwi=1.65, mw=1.75, p<0.001, -
r=0.12). While the effect of time |
with r=0.12 is negligibly small at a L )
general level, it exacerbates 3- . H |
more strongly with male- 2 $

identified learners, whose .
average engagement in art-
centred science learning has
significantly risen within the
timeframe of one year (Mm.
w=1.39,  mMnw=1.57, p<0.001,
r=0.20).

Wave

$w1
I%IWE

act art

As can be seen in figure 15, girls
presumptively do more art-
centred science learning across
both waves (mMmii=1.90, mx -
w2=1.93), as a result of boys’
elevated art-based activities, the
effect of the difference between
girls and boys has slightly
decreased (p<0.001, rw=0.25,
I’W2=O.17).

L]
1
[ ]

The reported frequency to

engage in activities that foster T

art-centred science learning has Figure 15 - Art-centred science learning (act_art) by gender over
not significantly varied with time, longitudinal sample (n=684)
educational background of the

learners between wave 1 and

wave 2. Gender differences,

however, strongly exacerbate with educational strata in our longitudinal sample. Despite the
risen level of engagement in art-based science learning, male-identified learners from low
educational groups are least likely to engage in this kind of activities (mm.ow=1.11). They are
significantly less likely to do so than males from high education backgrounds (mm.igh=1.92,
p<0.001, r=0.30). Girls from medium and high educational backgrounds significantly outreach
male-identified learners from medium and low education households. The largest effect of
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these intersecting influences of gender and educational capital hence exacerbates between
boys from low educational backgrounds (mm.ow=1.11) and female-identified learners from highly
educated families (My.nigh=2.20, p<0.001, r=0.41).

In addition to these gender-based differences between wave 1 and 2, changes over time were
also identified to be more pronounced amongst younger age-groups than older ones. While in
wave 1 data, no significant differences by age were identifiable, younger learners of the
longitudinal sample in wave 2 on average engage more frequently in singing, dancing or acting
(Men=1.99, M214=1.85) than young adults (mis2=1.46, Po-11a1s-21<0.001, r=0.25, Pi214818.21<0.01,
r=0.19).
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Figure 16 - Art-centred science learning (act_art) by age over time, longitudinal sample (n=732)

One possible reason for young boys, whose art-based science engagement has risen within
the timeframe of one year, might be related to the engagement in the SySTEM 2020 project.
However, given the relative stability of learning ecologies in general (Bevan 2016) - which is
also visible throughout the following analyses - and the short period of one year between wave
1and wave 2, these small effects of time in art-centred science learning should be interpreted
with care.
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While not capturing any changes over time, the general trends observed in the longitudinal
sample also hold among the sample of learners only surveyed once. Likewise, girls are more
likely to engage in art-centred science learning than boys, with a small effect size reflecting
wave 2 results of the longitudinal sample (m=1.68, m=1.31, p<0.001, r=0.18). This differences,
however, already exacerbate at an early age (m«2=1.83, Mn«,=1.31, p<0.01, r=0.26), whereas -
unlike the longitudinal sample - young boys do not significantly engage more frequently in art-
based science learning than older ones. The higher the educational background of the learner,
the higher the probability to regularly make music, dance or act and thereby also (informally)
learn something about science. This dynamic particularly exacerbates with gender. Also in the
pooled sample of respondents only surveyed once, male-identified learners from low-
educational backgrounds (mmiow=1.10, sd=0.99) are the least likely to engage in art-centred
science learning, albeit they do not significantly differ from boys of highly educated
households. The largest effect of this intersectional comparison arises between male-learners
from low educational strata and female-identified learners of highly educated backgrounds
(M¢nign=1.87, p<0.001, r=0.34, indicating a medium effect).

As far as science learning by engaging in team-sports is concerned (mean value index, from
O to 4), less than half (41%, niong=735) of the longitudinal participants engage in team sport on
a weekly basis. The sample of wi+w2 is slightly more active, with 44% (nw.w2=729) indicating to
do team-sports regularly. Another quarter of the longitudinal survey (25%), and 21% of the
sample only surveyed once, however, hardly ever does so.

Looking at the longitudinal sample and intra-personal differences, no significant differences
between wave 1and wave 2 were identified. In general, engagement in team-sports varies with
age. In the longitudinal sample, learners above age 14 report doing significantly less sports
than younger ones (p<0.001, effect sizes for various comparisons 0.20<r<0.38). This clear
effect is not visible in the wl+w2 sample, where only the youngest age-group (ms.n=2.15) does
significantly more team-sports than the oldest group (mis2=1.44, p<0.01, r=0.22)

The gender of the learners seems to be a main structuring variable here, with male-identified
learners (long: mn=2.04; wl+w2: m,=2.27) being more likely to engage in team sports on a
regular basis than female learners (long: m=1.56, p<0.001, r=0.18; wl+w2: m=1.58, p<0.001,
r=0.27).

The most pronounced differences in team-sports engagement the longitudinal sample can be
found amongst girls (mr.ow= 1.26) and boys from low educational strata (Mm.ow=2.05, p<0.05,
r=0.34), girls from low educational strata and boys from highly educated households (mpm.
high=2.12, p<0.001, r=0.32) and between female teens (m1,=1.46) and male kids (Mm<2=2.36,
p<0.001, r=0.27).

Gender differences are even more strongly pronounced in the sample of learners only
surveyed once, with largest effects between young girls (mi2=1.64) and boys (Mmm«2=2.58,
p<0.001, r=0.36), young boys and female teens (ms,=1.55, p<0.001, r=0.36), between girls
from low educated households (m:.0w=1.36) and male-identified respondents from medium
educational backgrounds (Mm-mea=2.36, p<0.001, r=0.32), as well as between these boys from
medium education households and girls from educationally affluent families (mM¢.nign=1.58,
p<0.001, r=0.32).

The majority (83%, ni,ng=736) of the longitudinally surveyed learners and w2 learners (83%
Nnwiw2= 146), as well as 78% of those learners, who dropped out after wave 1 (n=586) are part of
at least one institutionalized group that facilitates an activity broadly related to science, such
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as a sports club, a choir or a scout troop. These findings indicate that participants included in
the longitudinal sample tend to show a generally higher score in science engagement than the
ones who participated only once in the survey.

When being asked about their favourite activity, nearly a third (30%, ning=712) of the
longitudinally surveyed participants, and a quarter of the w2 participants (25%, nw,=145)
selected sports. Ten percent of the longitudinal sample likes listening to music best, the same
share of participants newly included in wave 2 prefers playing computer or console games.

Most of the learners (79%, Niong=736, 71%; Nw\i=586, 77%, nw,=146) do their favourite activity
together with someone else, be it friends (61%iong, 55%w1, 54%u2), parents (24%iong, 20%w1, 31%w2)
or siblings (24%iong, 20%uw1, 28%u2). More than half (57%) of our longitudinally surveyed learners
and 42% of the learners only surveyed once in w1 or w2 (also) do their favourite activities on
their own.

We have also asked our learners about the science-topics they are most interested in. 80%
(niong=702) of the longitudinally surveyed learners and the learners only included in w1 (n\i=569)
and 91% of the w2 learners (nw2=146) indicated that they are particularly interested in specific
science topics that were to be named. While the quantity of listed science topics might be an
indication of the breadth of science interest, no conclusions on the intensity of these interests
can be drawn; a learner being fascinated by one quite specific topic they knows a lot about, is
hence, not less interested in science than a learner, who listed seven different topics. Figure
17 depicts a word-cloud with the most named topics of all participants engaged in wave 2, i.e.
longitudinal learners and learners newly included in w2 (Niong+w2=882). The most popular topic
listed is the human body (indicated 144 times), followed by animals (138), computers (138),
planets (132) and genetics (78). In comparison to all answers collected in wave 1 (including
answers from longitudinal participants and those participants dropping out after wave 1), these
top-listed topics have not changed between wave 1 and 2.

Figure 17 - Which science topics do you find particularly interesting, longitudinal and wave 2 samples (n=882)
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On average, the learners of any sample listed two topics (median=2). More than half of the
longitudinal participants (56%) and nearly three quarters of wave 2 only participants (73%)
named between one and three topics. 2 longitudinal participants and two w1-only participants
even listed as many as 15 topics that they find particularly interesting.

5.3.2 The learner’s connection to science

As introduced in the theoretical framework, science can be perceived as community of
practice whose norms and value systems might not be instantaneously compatible with the
socialised value systems and the underlying identification or non-identification with science.

Based on the earlier introduced PCA the non-identification with science was identified as a
factor set up with eight items tapping agreement and opposition to three negatively
formulated items: ‘Science is not for me’, ‘Other people of my age find it easier to learn science
topics than | do’ and ‘My way of thinking and learning makes it hard to understand science’.
The mean value index summarizing these items was build recoding the index from 1 to 5,
whereas 1 indicates strong agreement on the negative item (strong opposition to a positive
science identity), 3 indicating a neutral position and 5 a strong opposition to the negative
science identity.

More than half of the longitudinally surveyed learners (56%, niong=724) and nearly half of the
respondents only surveyed once (48%, nwiw2=724) (strongly) distances themselves from a
negative science identity. 15% of our longitudinal sample, and 19% of our pooled w1 and w2
only sample do not see science as part of their identity. 29% of the longitudinal sample and a
third (33%) of the learners surveyed on average remain undecided on this matter.

The formation of a negative science attitude does not seem to significantly vary with time nor
age. In line with findings of Archer and colleagues (2012), the likelihood of non-identifying with
science significantly varies with the educational capital of the learner across both investigated
samples, with the largest effect between learners from low educational capital backgrounds
(long: mMiew=3.13; wl+w2: m,,=3.03) and respondents from highly educated families (long: miew
=3.93m, p<0.01, r=0.26; wl+w2: m;xw=3.63, p<0.01, r=0.25). While no significant differences
between female- and male-identified learners were identified at a general level in both
investigated samples, the differences by educational strata exacerbate with gender, with boys
from highly educated backgrounds being the least likely to dis-identify with science (long: mpy,.
high=3.9, sd=0.37; wl+w2: mnhigh=3.75, sd=0.89). The largest effect of this difference can hence
be found between boys from educationally affluent backgrounds and boys from low
educational strata (long: Mm1ow=3.04, p<0.001, r=0.39; W1l+W2: Mnmn1w=3.03, p<0.001, r=0.31,
medium effect) as well as in comparison to girls with low educational capital (long: m.0w=3.21,
p<0.01, r=0.29; wl+w2: m¢0w=3.02, p<0.001, r=0.33, indicating a medium effect). Also female-
identified learners (long: Mehigh=3.6, sd=0.44; w1l+w2, menigh= 3.52, sd= 1.16) significantly differ
from males stemming from low educational backgrounds (long: p<0.01, r=0.25; wl+w2:
p<0.05, r=0.24) and - in the pooled sample - equally from girls with low educational capital
(p<0.05, r=0.22).

Non-identifying with science does not automatically rule out any interest in scientific matters.
How many of our surveyed learners connect with science and develop a positive-science
attitude? The corresponding index derived from the PCA summarises eight items tapping
science interest, enjoyment as well as connecting science with their everyday life. The mean
value index ranges from 1 to 5, with 1 denoting strong disagreement, 3 indicating a neutral
position, and 5 signifying strong agreement.
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A quarter (25%, ning=728) of the longitudinal respondents, yet only 4% of our one-time
surveyed learners (n.i..2=730) reach the highest category and hence exhibit a strongly
positive science attitude. In total, 70% of the longitudinal sample, but merely a quarter (24%)
of the pooled sample indicate a positive connection with science. In contrast, 7% of the
longitudinal sample, yet nearly half of the learners included only in w1 or w2 (48%) distance
themselves from a positively framed science attitude. 23% of the longitudinal sample, and 28%
of the pooled sample on average neither agree nor disagree to these positively framed
statements.

Like the findings related to the non-identification with science, neither time, age, nor gender
turned out to significantly influence a positive science attitude (on their own). The educational
capital of the learner, however, significantly impacts the probability to exhibit a positively
framed understanding of science and see how it relates to one’s own life; learners from highly
educated backgrounds are significantly more likely to show a positive science attitude (long:
Mhigh= 3.93; W1+W2: mhigh=3.92) than learners from low (long: miew= 3.64, p<0.01, r=0.16; wl+w2:
Miow=3.37, p<0.001, r=0.25) and medium educational strata (long: mmes= 3.7, p<0.01, r=0.16;
WT+W2: Mned=3.68, p<0.01, r=0.14).

Again, these differences by educational strata intersect with gender-roles and identities across
both samples, with the largest effects arising between male learners from high (Mm-nigh= 4.08)
and low educational strata (Mm.iw=3.46, p<0.01, r=0.29) in the longitudinal sample. In the
pooled sample, about equally large effects can be found between male (mm-high= 3.95) and
female-identified learners (m¢nhigh=3.91) from educationally affluent families when compared
with female learners from low educational strata (m+.ow=3.27, p<0.001, r=0.29).

While the SySTEM 2020 project focusses on informal and non-formal STEAM learning, the
learning ecologies of our surveyed respondents are strongly shaped by the formal education
system, whose role must not be forgotten (Jordan 2010; Archer Ker et al. 2013). The survey
hence also investigated the attitudes to science lessons in school. The learners were asked
whether they think 'Science lessons are exciting' and whether they ‘look forward to [their]
science lessons' on a 1-5 scale with 1 indicating strong disagreement, 3 being undecided and
5 agreeing a lot. Based on the PCA both items were summarised to a mean-based index.

About two thirds (67%, ning=656; 65%, Nwi.w2=698) of all surveyed learners perceive their
science lessons in school positively, and while 18% of both samples are undecided, about 15%
of the longitudinal sample and 17% of the pooled w1 and w2 sample do not look forward to
their science lessons. Looking at age and considering the related level of education learners
are enrolled in, the youngest learners of the longitudinal sample do have a more positive
perception of science lessons than older age-groups, with a significant decrease of liking
school science once age 12 is crossed, with the largest effect between the youngest and the
oldest respondents (Mg.ryears=4.23, Migaryears=3.5, p<0.001, r=0.33). Similarly, both young girls
and boys below age 12 significantly differ from teens of both genders, who are less likely to
like their science-lessons. On a general level, no differences with regard to time, gender nor
educational capital were identified.

Interestingly, the pooled sample of learners only surveyed once does not mirror these age-
group-based differences and on contrary does not reveal any significant differences by age,
gender or educational background.

Are there differences with regard to the formal school system in general? We have asked our

learners to rate their school performance (scale 1-5, 1=bad, 3= okay, 5=good) as they think their
teachers perceive it. More than two thirds of our all our learners (70%, Niong=695; 68%,
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Nwiw2=719) reported good and very good school performance and while about a quarter
(long:26%; wl+w2: 26%) indicated that their performance at school was perceived as okay,
only 6% of our learners reported a negative school performance.

While no significant changes between wave 1 and wave 2 were identifiable, similar to the
enjoyment of school science lessons in general also the rating of school performance varies
with age, with the youngest age group rating their performance the highest in both samples
(long: mg.i= 4.13, sd=0.51; wl+w2: me.n = 4.25, sd=0.99) and significantly differing from 15-17
year olds in the longitudinal sample (mis17= 3.84, p<0.01, r=0.17) and from 12-14 year olds as
well as 15-17 year olds in the pooled sample (mi214= 4.00, p<0.05, r=0.26; mis47= 4.02, p<0.05,
r=0.15).

In both samples, a negligibly small effect of gender looked at on its own is identifiable with
female-identified learners (long: me= 4.04; wl+w2: me= 4.13) on average indicating a better
performance in school than male-identified respondents (long: mn= 3.08, p<0.01, r=0.12;
wil+w2: mn= 3.92, p<0.01, r=0.11). These differences play out more strongly in a combined
perspective of age and gender, with male teens of the longitudinal sample significantly
indicate a worse school performance at school (Mmm12=3.73) than all three groups of
comparison (p<0.05, 0.16<r<0.19). In the pooled sample, female children (ms2=4.44)
significantly indicate a better school performance than male children and teenagers of both
genders (p<0.05, 0.22<r<0.27).

The answers of the longitudinal sample further vary with the educational strata, with female-
identified learners of highly educated backgrounds on average indicating the best
performance in school (m¢.hgh=4.17, sd=0.45) and hence significantly differing from all other
groups of comparison, with the largest effect in comparison to male learners from medium
educational strata (mm.mea= 3.62, p<0.001, r=0.31). Differences by the educational capital of the
learner are, however, not identified in the pooled w1 and w2 sample. No significant changes
between wave 1 and wave 2 were identified.

5.3.3 The social dimension of STEAM learning

ecologies

In general, our sample shows a high amount of self-motivation, with 98% (long, n=736), 99%
(w2, n=146) and 96% (w1, n=586) indicating that they motivate themselves to do at least a
quarter of all possible science-related activities. As far as encouragement from others is
concerned, parents do play a major role - 90% of our longitudinal learners, and 94% of those
respondents only included in wave 1 or newly included in wave 2 are encouraged by their
parents to engage at least in a quarter of all possible broadly science related activities.

In both the longitudinal sample and the w1 group, friends are perceived slightly more
encouraging than teachers. 63% of the longitudinal learners and 58% of the w1 learners
indicate that their friends encourage them to engage in at least a quarter of all possible
activities, whereas 58% of the longitudinally surveyed and 48% of those, who dropped out
after wave 1 say that their teachers do so. On the contrary, in the w2 sample, teachers were
reported more supportive (66%w2) than peers (58%uw2). While the role of grandparents and
relatives in encouraging learners to engage in broadly science related activities is small in the
longitudinal sample and the w1 only sample - nearly two thirds (65%iong, 70%uw1) report no
support - more than half of the learners of newly included wave 2 participants (53%) perceive
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Source of support

w
~
R

their relatives as supportive. The same relations are visible with regard to reported siblings’
support - again 63% of the longitudinal sample and wavel do not experience any
encouragement, whereas every second participant that has been newly included for wave 2
(51%) does. The social environment hence differs between the three samples as depicted in
figure 18.

Who encourages you to engage in science-related activities?
longitudinal sample, w2 and wl drop outs

Parents 94%

Friends 58%
51%

Teachers 66%
48%

Siblings
m | ongitudinal sample (n=736)

. m Sample newly included in w2 (n=146)
Relatives

Bl0% Sample dropped out after w1 (n=586)

0% 20% 40% 60% 80% 100%

Share of respondents indicating support from this group

Figure 18 - Supporting social environment, longitudinal sample, wi-only sample and w2-only-sample

Parents represent an important part of the learners’ social environment and further provide for
the learners’ educational capital, which is a resource that is passed on from the parents to their
children. Based on educational capital, the science can or cannot be a part of the learners
home (Archer et al. 2012). In our survey, the importance of science at the learner’s home has
been derived as a factor doing the PCA already introduced in chapter 3.3.2, comprising three
items: ‘my mother talks to me about science’, ‘my father talks to me about science’ and ‘my
parents are interested in science’. These items were summarised to a mean value index ranging
from 1, indicating strong disagreement, to 5, signifying strong agreement, with 3 being
undecided.

Accordingly, more than a third of all surveyed respondents (33%, Niong=720; 36%, Nuiw2=724)
agreed to these statements. About equally as many (37%iong; 35%uwisw2) tend not to talk to their
parents about science and do not think that their parents have an interest in science. The
remaining shares on average neither agree nor disagree to these statements.

Young learners report a significantly higher presence of science in their homes than young
adults - while significant differences in the longitudinal sample exacerbate between 9 to 14
year olds (mg11=3.18, m214=3.02) in comparison with 15 to 21 year olds (mis.17=2.74, Mig.2=2.78,
p<0.05, r=0.17), the pooled w1 and w2 sample identifies significant differences between the
youngest age group of 8 to 11 year olds (msn=3.31) to all older age groups (p<0.05,
0.14<r<0.18). This difference might be related to changing parent-child interactions once kids
grow older with smaller offsprings getting more input and support from their parents to spark
interests, whereas young adults shaping their learning ecology more independently.
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As several studies suggest (DeWitt et al. 2013; Frome and Eccles 1998; Bell, Shouse, and Feder
2009; Jacobs et al. 2005; Tenenbaum, Rappolt-Schlichtmann, and Vogel Zanger 2004) the
way parents address science with the learners can be gendered. From a gender perspective,
age differences exacerbate more strongly in the context of male identified learners;
adolescent male learners above the age of 12 of both samples report science being
significantly less present in their home than younger boys (long: Mm«:=3.33, Mms1= 2.83,
p<0.05, r=0.17; WI+W2: Mnm«2=3.27, Mms12= 2.83, p<0.01, r=0.18). However, looked at on its own,
gender does not yield any significant differences.

In line with earlier findings (Archer et al. 2012) our results confirm that educational capital
influences the way science is a part of a family habitus, with learners from highly educated
households (long: mpigr=3.24, p<0.001, 0.22<r<0.24; wl+w2: mpgh=3.21, p<0.01, 0.13<r<0.18)
being more likely to call science an important part of their home culture than learners from
medium or low educational backgrounds.

Based on our data, educational capital is the main structuring factor, which is, however,
interacting with gender; in the longitudinal sample, the strongest effect can be identified when
comparing female learners with low educational capital (ms0w=2.51) to boys from highly
educated backgrounds (Mmmhigh=3.35, p<0.001, r=0.30), with further significant differences
across educational strata. In the pooled wave 1 and wave 2 sample, girls from low educational
backgrounds (mr.0w=2.78) do not significantly differ from boys (Mm.igh= 3.17) and girls (Menigh=
3.36) of educationally affluent families, once the comparisons are Bonferroni corrected. The
effect-sizes of these comparisons (r=0.21 in both comparisons), nevertheless suggests that
educational capital might influence the likelihood of science being an important topic at home.

—— —— As outlined in the theoretical
- | background, studies suggest that
parent-child interactions are formed
by gender stereotypes, talking more
to boys about science than girls (Bell,
Shouse, and Feder 2009). In our
longitudinal data, no such effects are
identifiable. The pooled w1+w2 data

2- ‘ 5 set reveals a small significant effect
! with regard to mothers being more
1 | likely to engage their daughters in

science-related conversations than

their sons (m=2.86, m,=2.63, p<0.05,

N r=0.08). On a general level,

discussions about science seem to

‘ happen more with fathers than with

mothers across both samples (see
figure 19).

wl+w2_dad wil+w2_ mum

Frequency of talking about science

Figure 19 - Frequency of parents talking about science
to their children by gender of parents & learners
longitudinal sample (long, 1%t row) & wi+w2 sample (29
row)

gilrl thJ\,r gilrl btlnr
Child's Gender Identity
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Friends and peers represent an important element of a young person’s STEAM learning
ecology (Bevan 2016). What do the peers of our surveyed learners think of science?

More than a third of both samples (38%, niong=716; 39%, nwi.w2=719) indicated that their close
friends enjoy science, slightly fewer (31%iong; 36% wi+w2) are undecided, an equal share of the
longitudinal sample (31%) and slightly more than a quarter (26%) of the pooled w1 and w2
sample reject the idea of having close friends who are into science.

In the longitudinal sample, the youngest age group of 9 to 11 year olds (me.1=3.40) is on
average most likely to have a science-positive peer environment and significantly differs from
12 to 14 year-olds (m1,12=2.86, p<0.001, r=0.23). Whilst this difference is not identifiable in the
pooled sample, across both samples young boys below age 12 (long: mma=3.51; wl+w2:
Mm<«2=3.43) are significantly more likely to have friends, who like science than female teenagers
(long: Mm12=3.02, p<0.05, r=0.15; wl+w2: ms12=3.43, p<0.05, r=0.16) and - in the longitudinal
sample - they also significantly differ from male teens (Mm-12=2.93, p<0.01, r=0.19). The
longitudinal sample additionally visualizes significant, yet small differences by educational
capital - which might be interpreted as a form of reproduction of a family habitus: learners
from high educational backgrounds are slightly more likely to have friends who positively
connect with science (mngh=3.21) than learners from medium (Mmmes=2.94, p<0.05, r=0.12) and
low educational households (m,w=2.84, p<0.05, r=0.13).

The pooled sample instead identified a significant, yet negligibly small effect, of gender, with
male-identified learners being in general more likely to have friends that are into science
(mn=3.20) than female-identified respondents (m=2.99, p<0.05, r=0.08), potentially hinting at
persisting gender stereotypes of science having a male connotation (e.g. Carlone and Johnson
2007).

5.3.4 What is it that influences whether
learners have a positive relationship with

science?

What are potentially underlying factors that might help a learner to connect with science?
Following Joey Sprague (2005), the focus is not put on learners finding it difficult to connect
with learners and hence to 'study down' (i.e. posing questions in a way that makes learners
from non-dominant groups seem ‘not normal’ and responsible for their own situation, while
legitimising the position of the others) we need to “study up” (Sprague 2005, 186), i.e. study
the dominant classes, and show how privilege works. In order to get some further insights on
the way positive science attitudes form, two logistic regression models were created, one
investigating the longitudinal sample, while the other model uses the pooled answers of
respondents only surveyed once (wW1+w2).

Similar to a comparison of means, a regression analysis looks at the influence of one or several
independent variables, on a selected dependent variable. In our case influences explaining the
variance of a positive science attitude are explored.

A positive science attitude is no linear consequence of potentially underlying factors,
therefore a logistic regression model was chosen to inform about the probability of an event
occurring or not occurring, given the value of independent variables (Field, Miles, and Field
2012).
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In order to inform about the influence of independent variables on dependent variables, odds
ratios are the most commonly used indicator (Field, Miles, and Field 2012). Odds ratios (OR)
are "an indicator of the change in odds resulting from a unit change in the predictor" (Field,
Miles, and Field 2012) ORs exceeding 1imply that the odds for an event rise with a unit change,
ORs below 1 signify the odds for an event shrinking from a unit change. Since ORs are difficult
to compare both within and across different models, average marginal effects (AME) are an
additional measure to pin down the effect of an independent variable on the variance of the
dependent variable (Wolf and Best 2010). AMEs above O indicate a positive, AMEs below O a
negative change with a unit change of the predictor.' In this deliverable both odds ratios (OR)
as well as the average marginal effects (AMEs) are indicated with all significant variables and
displayed in the accompanying tables (incl. their 95% confidence interval).

The regression model’s assumptions were tested investigating the linear relationship between
predictors and the logit of the outcome variable, testing the independence of errors using the
Durbin Watson Test and investigating levels of multicollinearity using variance inflation factors.

The logistic regression models were built using a stepwise logistic regression selecting
independent variables based on findings of earlier studies and laid out in the analytical
framework (section 2) and listed in table 13. Model fits were judged using Cox and Snell’s R?
(R%cs) in connection with the Akaike Information Criterion and the likelihood-ratio test for
nested models (see e.g. Field, Miles, and Field 2012 for more information).

Since PC respondents are over-represented in the pooled dataset wl+w2 (see figure 5), and a
dummy-variable of this partner was a significantly influencing independent variable, the
logistic regression model operating with the pooled data was weighted, reducing the influence
of PC to the average representation of partner organisations. In contrast, no weights were used
for modelling the regression analysis based on the longitudinal data.

Informed by the theoretical framework defined in section 2 of this deliverable, a set of
potentially influencing variables covering the dimension of time (longitudinal model only), the
socio-demographics of the learners, their social environment, the learners' activities, their
formal environment, as well as the mode of participant selection was drafted. The full list of
tested variables can be seen in table 13.

The dependent variable of both models is the earlier introduced PCA-based index of a positive
science attitude. For the logistic regression, this variable was recoded as binary dependent
variable with O indicating negative or neutral science attitude, and 1 indicating a strongly
positive science attitude (scoring 4 or 5 on the original mean-based index).

Dependent Variable Operationalisation

O= negative or neutral science attitudes,
1= highly positive science attitudes

positive science attitude

% In contrast to the commonly used OR, AMEs bear the advantage of being comparable with each other,
i.e. an AME = 0.20 is twice as large as the AME = 0.10. This is not the case with OR, where an OR =4 is
not interpretable as being twice as high as an OR =2 (Best and Wolf 2012).
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Dimension

(in order of integration in

regression models)

Influence of time
(longitudinal sample only)
Sociodemographic variables

Sociodemographic variables (continued)

Social environment

Learners’ actions

Formal education environment

Participant selection by partners

Independent variable tested for
influence on dependent variable

difference of science attitude between
wave 1 and wave 2

Educational background

Gender (dummy variable: O=female, 1=male)
Age (modelled with 4 (long) to 5(w1+w2)
dummy-variables)

Migration experiences (dummy variable, 1=
migration experiences)

Ability (dummy variable, 1= perceived serious
difficulties)

Multilingualism (dummy variable, 1= being
multilingual)

Place of living (dummy variable, O= living on
countryside, 1= city or close by)

2 Parent household (dummy variable, 1=
living with 2 parents)

Science importance at home

Friends’ science attitudes

Parental support

Friends’ support

Siblings’ support

Teachers’ support

Other relatives’ support

Aggregated level of support
Engagement in self-directed science
learning

Engagement in art-centred science
learning

Engagement in sport-centred science
learning

Self-motivation

Attitude towards science lessons in
school

STEM as favourite subject(s)
Self-perceived school performance
Highest level of education completed
Working experience (dummy variable, 1=
working experience)

Sum of different employments
experienced

Collaborating with schools (longitudinal:
in wave 1) to engage learners (dummy
variable: 1= collaboration with schools)

Report on survey results in 19 locations during two testing phases

Table 13- Variables used when modelling logistic regression models of positive science attitudes

65



WP3: EXAMINE DELIVERABLE 3.2: Report on survey results in 19 locations during two testing phases

Which are the factors that significantly impact the probability of our longitudinal learners to
connect with science? In order to model the longitudinal sample, an additional new variable
was created to capture possible differences over time. While science attitudes did not
significantly vary over time (see section 5.3.2) between wave 1and 2 at an aggregate level (see
also figure 20), the way learners connect with science slightly changed (within the range of
one point) for 41% (n=728) of the longitudinal learners within the time frame of one year.

'S
|

wave

Bl wave1
‘ wave2

Science Attitude

wave1 wavez2
Wave

Figure 20 - Boxplot of science attitudes per wave (longitudinal sample only)

5% experienced higher positive changes (more than a one-point-difference between wave 1
and wave 2 values), 4% higher negative changes. These changes are visualised in figure 21. For
half of our longitudinal learners the value achieved on this mean-based index has not changed
between wave 1 and wave 2.
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Figure 21 - Difference of science attitudes between wave 1 and wave 2 (longitudinal sample only), positive
changes=green, zero changes=zero, negative change=red, size of dots influenced by degree of change - larger sizes
imply larger absolute changes between wave 1 and 2.

The best-fitting logistic regression model identified explains more than a third (R%s = 0.39) of
the variations of a positive science attitude. The variable capturing the effect of time is highly
significant (b=1.16, p<0.001) - those respondents, who have experienced a high positive
change within the period of one year are quite likely to exhibit a positive science attitude
after wave 2. More specifically, the odds of leaners who experienced a one-point-positive
change between wave 1 and wave 2, changed by 3.18 (odds ratio, OR), or in other words, with
the positive change of science attitude by one unit, the probability of having a highly positive
science attitude rises by 0.12 (average marginal effect, AME). Since science attitudes vary
(insignificantly, see section 5.3.2) with age, age-group-dummies were modelled in a way that
gather similar science attitudes, resulting in 4 age groups'. Two of them, the 9 to 10 year olds

"9 to 10 year olds (exhibiting less positive science attitudes on average), 11 to 14 year olds (exhibiting
more positive science attitudes on average), 15 to 17 year olds (exhibiting high positive science attitudes
on average), and 18 to 21 year olds (exhibiting less positive science attitudes on average)
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(b=-1.17, p<0.01) and the 15 to 17 year olds (b=0.71, p<0.05) significantly improved the
regression model once being included. In case the longitudinal learners are part of the
youngest age group, their likelihood of having a highly positive attitude decreases by -0.12
(AME) or 0.31 (OR) respectively. For learners aged between 15 to 17, however, probabilities of
connecting with science rise (AME=0.07, OR=2.03). Albeit, significantly impacting a positive
science attitude in the mean-based comparison (see section 5.3.2), educational capital did not
significantly add explanatory value to the regression model.

Also, the social environment significantly impacts the likelihood of enjoying science. The
higher the science importance at home, the higher the probability of having a positive
science attitude (b= 0.58, p<.001, AME = 0.06, OR=1.78). The peer attitudes towards science
also significantly impact the learners’ perspective of science - in case the learners’ friends do
like science, also the probability of the learners to enjoy science learning and to see how
STEAM relates to their everyday lives increases significantly (b=0.36, p<.01, AME= 0.04,
OR=1.43). Interestingly, supportive siblings negatively impact a learner’s probability to
connect with science (b=-2.55, p<0.01) - as one’s siblings become more encouraging (by one
imaginative unit), the probability of having a highly positive science attitude falls by 0.26 (AME)
or 0.08 (OR) respectively. As outlined in section 5.3.3, within the longitudinal sample, only
35% of the longitudinally surveyed learners perceive their siblings as encouraging. Possibly,
this encouragement is prompted by specific living conditions, and hence the siblings’ support
might not be a causality but a correlation with science attitudes caused by other factors not
included in the regression model.

In addition, the learners’ activities influence the possibility of developing a positive science
attitude. A learner that regularly engages in science learning on a self-directed basis is more
likely to have an overall positive science attitude (b=0.38, p<.05, AME= 0.04, OR=1.47). Art-
centred science learning or team-sport based activities, however, did not add significant
explanatory value to the model.

Learning happens in different areas following different rules. The way learning happens in in-
and non-formal spaces is connected to the way learning happens in formal systems and vice
versa. The largest effects relate to the way science lessons are perceived in school (b=0.98,
p<0.001), which overall strongly correlates with the learner’s science attitude (rui=0.5,
r.2=0.65). Enjoying science lessons in school increases the probability of generally having a
positive attitude towards science (AME = 0.10, OR=2.66). Additionally, including the way the
learner perceives their own school performance in the regression model significantly improves
the explanatory power of the model (b=0.34, p<0.05). Learners, who perceive themselves
performing good at school, are more likely to exhibit a positive science attitude (AME=0.04,
OR=1.40).

Based on our model, longitudinal learners aged between 15 and 17, who regularly engage in
self-directed science learning, do have supportive social environment (but non-supportive
siblings) and like science in school are most likely to have a positive science attitude (with a
99.99% chance). In general, however, our learners’ attitudes towards science are
outstandingly positive - ranging averagely on all include variables, and belonging to the
youngest age group with a slightly reduced likelihood of having a highly positive science
attitude still leaves a chance of 58% of connecting with science.
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POSITIVE SCIENCE

ATTITUDE Coefficient B| Average Marginal Effects| o0dds Ratios (OR) with
(Standard (AME) with 95% Confidence| 95% Confidence Interval

Error) Interval

(olchst=her-hekd 1,481 (0.17)***

Change betweenjEN(ONIC)ku 0.08 0.12 0.5 221 318 4.7
wl & w2

PR TR RS LR -1.173 (0.42)** -0.21 -012 -0.04 014 0.31 0.7
15 to 17-year olds[oN/elN(oMI)k 0.02 0.07 0.3 119 2.03 3.54
Science importance[0RSYNA(ON V)i 0.04 0.06 0.08 1.40 178 229

Friends’ science[olisteN(ONk)id 0.01 0.04 0.06 115 143 179

-2.55(0.95)** -0.45 -0.26 -0.07 0.01 0.08 0.51

1 TET0 TS L B WP B 0.383 (0.15)* 0.01 0.04 0.07 1.09 147 1.99

Enjoying science in[eReNiN(0NIe)kin 0.08 0.10 0.3 2.08 2.66 3.46

STNR R PVILE ALY 0.338 (0.14)* 0.01 0.04 0.06 1.07 140 1.85

school performance

Table 14 - Logistic regression: positive science attitude, longitudinal sample,. n= 638, R%cs =0.39, p<0.001 ***,
p<0.01**, p<0.05 *

Looking at the pooled wave 1 and wave 2 sample gives a slightly different picture. The
explanatory value of the final model is R%cs=0.28 and hence, while the model was created using
the same variables (with the exception of the time-effect, see table 12) the used items tend to
capture the variance of positive science attitudes of the longitudinal sample better.

Also for this sample, age-groups were formed according to group-based tendencies.™
Similarly to the longitudinal survey, the age-group of 14 to 16 year olds significantly added

2.8 to 9 year olds (exhibiting less positive science attitudes on average), 10 to 12 year olds (exhibiting
more positive science attitudes on average), 13 year olds (exhibiting less positive science attitudes on

69



WP3: EXAMINE DELIVERABLE 3.2: Report on survey results in 19 locations during two testing phases

explanatory value to the model (b=0.74, p<0.01). Learners part of this age group, who have
only been surveyed once, are more likely to have a highly positive science attitude than
learners aged differently. This age-effect is slightly more pronounced in this pooled sample in
comparison to the longitudinal group (AME=0.10, OR=2.09).

Looking at the social environment of the learners, science importance at home is not
significant at the general threshold of p<0.05 but scoring p=0.05 and hence included in the
model (b=0.21). In line with the findings for the longitudinal respondents, also in this sample,
the presence of science at a learner’'s home increases their probability of connecting with
science and exhibiting a positive science attitude (AME=0.03, OR=1.24). The effect of science
importance at home, is, however, twice as large in the longitudinal sample (AME=0.06). The
way friends perceive science again significantly impacts the learner’s science attitudes - in
case the learners’ friends do like science, also the probability of the learners to enjoy science
learning and to see how STEAM relates to their everyday lives increases significantly (b=0.32,
p<.01, AME= 0.04, OR=1.37). While not adding significantly to the model (b=-1.55, p<0.1), also
in this model, the support of siblings is negatively related and to a learners’ probability to
connect with science. Whilst being non-significant, its effect on the probability of developing
a positive science attitude is nearly twice as large (AME=-0.48).

In contrast to the longitudinal learners, the self-motivation of learners in the pooled w1+w?2
sample adds significant explanatory value to the regression model (b=1.93, p<0.001). Once a
learner’s self-motivation rises by one unit, their likelihood to enjoy science and see how it
relates to their life rises by 0.27 (AME), their odds change with 6.88 (OR) respectively. Learners,
who regularly engage in activities that potentially foster art-based science learning are more
likely to develop a positive science attitude (b=0.28, p<=0.05, AME 0.04, OR=1.33). Non-
significantly, but with a similar effect, respondents, who do science activities in a self-
determined manner frequently, are more likely to enjoy science learning (b=0.26, p=0.056;
AME=0.04, OR=1.29).

Also in this model the link of the formal and informal science learning environments is strongly
visible (b=0.98, p<0.001). In contrast to the longitudinal regression model, the model for the
pooled sample indicates a significant effect of the sampling technique used by partner
organisations to engage learners in the SySTEM 2020 survey (b=0.87, p<0.01). In case the
partners cooperated with schools, the probability of the respondent to enjoy science and to
see how it connects to their world rises by 0.12 (AME) and 2.38 (OR) respectively. While Parque
de las Ciencias is overrepresented in the pooled sample and collaborated with schools for
participant engagement, this effect is equally significant in the weighted regression model,
where the influence of PC is decreased (see section 5.2.2) and even, in case respondents from
PC are completely removed from the sample. In line with the longitudinal regression model,
the more a learner of the pooled sample enjoys science lessons in school, the higher the
chance that this learner likes science in general and connects science to their living situation
(AME=0.14, OR=2.67). Again, the way learners assess their school performance also
significantly adds explanatory value to the model (b=0.32, p<0.01) - a unit change in the school
attainment leads to an increase in the probabilities to exhibit a positive science attitude by
0.05 (AME) and changes the odds by 1.38 (OR).

In the pooled sample, the possibility to have a highly positive science attitude is highest once
a respondent is aged between 14 and 16, has a science-positive social environment, is highly

average), 14 to 16 year olds (exhibiting higher positive science attitudes on average) and 17 to 21 year
olds (exhibiting less positive science attitudes on average).
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self-motivated, engages in art-based and narrowly defined science learning on a regular basis,
who stems from a school-organised sample, likes science lessons, perceives themselves as a
good student.

POSITIVE SCIENCE

ATTITUDE Coefficient B| Average Marginal Effects 0odds Ratios (OR) with
(Standard (AME) with 95% Confidence| 95% Confidence Interval

Error) Interval

(ofe3sE8o8d -0.178 (0.27)

0.739(0.25)** 0.04 010 0.7 129 2.09 3.45

Science importancelOMAVE(ONINE 0.00 0.03 0.06 1.00 124 1583

Friends’ sciencellliVA(CRMK 0.01 0.04 0.08 1.08 137 174
attitude

Supportive siblings[RYitN(eRK)RE -0.48 -0.22 0.04 0.03 021 138

SINEES (LR ERERERSS 1.929 (0.58)*** 012 027 0.43 223 6.88 190

Engagement in self - OWLYA(OKKIRE 0.00 0.04 0.07 1.00 129 1.69
directed science

learning

Engagement in art - oMY N(ONVIkK 0.01 0.04 0.07 1.05 1.33 1.69
centred science

learning

Enjoying science inORSIVN(ONVAki 0.11 0.27 0.43 214 2.67 3.4

school

SINEEFISILRRLN| 0.325 (0.12)** 0.01 0.05 0.08 110 138 175

school performance

School’s involved[oR:[siSN(eKe[0)ki 0.04 0.4 0.20 1.33 238 4.26

Table 15 - Logistic regression: positive science attitude, wi+w2, n= 679 R?cs =0.28, p<0.001 ***, p<0.01 **, p<0.05 *,
p<0.10 -
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6 Limitations

Whilst the WP3 survey managed to reach a high number of respondents two times and
excavated many interesting results, the survey methodology and results also bear notable
limitations.

The first limitation comes with the change of methodology induced by switching from fully
paper-based survey in wave 1to an online survey in wave 2. Whilst this switch was necessary
to ensure high participation rates and data collection in terms of the COVID-19 crisis (see
section 3.3), it adds a layer of methodological complications to the interpretation of survey
results. Changes of respondents answering in wave 1 and wave 2 might hence also be related
to the change of the survey instrument and the related, newly introduced technological
effects.

Based on the specific COVID-19 induced situation, further the foreseen supervised settings of
data collection could not be implemented by most partners. Thereby, a level of data quality
insurance was lost. Further, the online-survey option did negatively impact the accessibility of
the survey e.g. those respondents not having access to individual smart phones or computers
living in remote areas (e.g. reported by CPN and BSMJ). In the context of young children,
partners were particularly dependent from parental support to collect data on wave 2, which
in turn bore aspects of inclusiveness as overburdened parents might not have the additional
resources to do so (e.g. reported by Raumschiff). Learners with reading-difficulties, who were
actively supported when answering the survey in wave 1 potentially were unreachable for wave
2.

The attribution of participant IDs was difficult for some partners, leading to detected mistakes.
Potentially, however, albeit checking on major time-insensitive socio-demographics, not all
mistakes might have been detected. The high stability of values over time, however, suggests
that this could have only happened on a marginal scale.

The three different samples presented and discussed in this deliverable raise questions on the
representativeness of the findings for the general population of young learners participating
in non-formal science learning offers across Europe and Israel/Palestine. As outlined in section
5.2, processes of positive self-selection with the longitudinal sample of learners, make it likely
that the sample of learners only surveyed once - be it in wave 1 or wave 2 - are more
representative of the learners visiting non-formal science learning institutions and
organisations. Nevertheless, these findings might not be directly relatable to young learners,
who do not get in touch with non-formal science learning institutions such as museums or
science centres.

Whilst actively working to ensure a strong implementation of equity aspects along the survey
design, the focus on non-dominant groups was not a perfect match for the survey
methodology at hand. The necessary process of parental consent for minors was reported
being a barrier for potential survey respondents of non-dominant groups, who were otherwise
reached by practice partner institutions. Future research projects should consider easily
accessible formats for non-dominant groups.
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7 Conclusions

The theoretical lens chosen in the SySTEM 2020 project perceives learning as cognitive,
behavioural and emotional process that is socio-culturally embedded. Using the conception
of STEAM learning ecologies, a particular focus was put on learning process happening
outside of the classroom, i.e. in- and non-formal learning processes.

The report in hand focuses on the process and results of a longitudinally designed quantitative
survey in 19 different non-formal science learning institutions across Europe and in
Israel/Palestine. In contrast to the other tools used in SySTEM 2020 to assess learning
ecologies, it provides information on the learners social and family background, allowing for
the analysis of inequalities in science learning.

This investigation builds on the findings of former studies of science learning in the context of
the Global North. Most notably, the study is based on the ASPIRES project and the Synergies
project. Its analytical framework further rests on the evidence brought forward by multiple
empirical studies of persisting inequity in science learning with regard to class and educational
capital, gender identities, ethnicity and age.

The survey instrument was developed as self-administered paper-based survey that was
additionally replicated as online survey for the second wave. The survey was tested using
cognitive probing interviews.

Survey participants were chosen by the collaborating 19 partner institutions based on a
convenience sampling strategy: Young learners across Europe and Israel/Palestine, who were
aged between 9 and 20 and participated in non-formal science learning offers by partner
organisations were eligible to be engaged in the SySTEM 2020 survey.

In wave 1, 1322 unique answers were collected. The data collection of the second wave
resulted in 56% (n=736) thereof who were reached a second time, 586 of wave 1 were not
reached a second time, additional 146 answers were collected from newly engaged
respondents in wave 2. Overall, 2204 surveys have been answered, whereas a total number of
1468 individuals participated in the SySTEM 2020 WP3 survey.

Based on the descriptive and explorative analyses of the data, a detailed perspective on young
learners’ science learning ecologies, the way socio-demographics continue to structure a
learner’s connection with STEAM as well as the dynamic nature of learning ecologies were
investigated.

All three samples - the longitudinal sample as well as the wave 1 only and wave 2 only sample
- are gender balanced with most non-binary identifying learners being part of the longitudinal
sample. Most of our surveyed learners are currently enrolled in formal education systems. The
longitudinal sample tends to be the oldest sample group, with most respondents being aged
between 12 and 17 years. Therefore, they also tend to have a higher level of education
completed than wave 1 or wave 2 only respondents and are more likely to have working
experiences than wave 2 respondents. They are also more likely to speak multiple languages
at home, to live in families with a higher educational capital than wave 1-participants, and a
smaller share of longitudinal respondents has made migration experiences than this is the case
wavel-only-participants. Learners of the longitudinal sample are further even more likely to
live in cities than the learners only surveyed once.
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Learners of the longitudinal sample are a distinct group of positively self-selected participants
who seem to be particularly interested into science - their connection with science might be
one reason for them to stay a part of the demanding survey process. The factors underlying
this positive self-selection potentially cause variations between the longitudinal sample and
the pooled sample of respondents only surveyed once, which might hence be considered
more representative of the learners reached by the participating non-formal science education
organisations. On a general level, the representation of non-dominant groups has slightly
fallen with members of non-dominant groups dropping out after wave 1 and not being
reachable for wave 2. Newly included members of wave 2 in contrast largely belong to
dominant and more privileged classes.

Most learners do have devices in their home that might enable science learning, such as
computers or smart phones and TVs. Music instruments, on the other hand are less frequently
present. The surveyed learners are highly interested in scientific topics, most of them engages
in several activities which potentially foster informal science learning on a regular basis. They
are also highly motivated to encourage themselves to do so more often.

An investigation of activities which might foster a particular kind of informal science learning,
visualises group-based differences based on age and gender. Boys and young male-identified
learners are more likely to engage in self-directed science learning, a gender-based difference
that exacerbates in the longitudinal sample already at a young age, but is also present amongst
male and female-identified teenagers in all samples. These gender-based differences also
intersect with educational strata; boys from highly educated households are most likely to
learn science informally doing self-directed science learning.

Female-identified learners on the other hand are more likely to engage in art-based science
learning. Interestingly, boys of the longitudinal sample increased their level of art-based
learning within the timeframe of one year, decreasing gender differences, which, however,
proceed to be significant. Girls and female teenagers from highly educated families in both
samples are most likely to foster this kind of science learning on a regular basis.

Science learning based on the regular engagement in team sports is equally gendered. Male-
learners tend to be more likely to periodically employ these kinds of activities. Independently
from gender, sport-based science learning also seems to happen more frequently at a younger
age.

Similar to the findings in the ASPIRES project, the educational capital of learners' home
influences whether they dis-identify with science. The higher the educational capital, the lower
the probability to non-identify with science, whereas these differences exacerbate with gender
- boys and male learners from educationally affluent families are the least likely to dis-identify
with science.

A quarter of the longitudinal respondents, yet only 4% of our one-time surveyed learners
exhibit a strongly positive science attitude. The probability to do so significantly varies with
the educational capital of the respondents, with male-identified learners with high educational
capital being the most likely to connect with science, enjoy science learning, but also seeing
how science relates to their living realities. In contrast, the perception of science lessons in
school is not impacted by educational capital of the learner. Two-thirds of all surveyed learners
like their school-science lessons. In the longitudinal sample, the positive perception is likely to
decrease, once learners are older than 12 years, this effect is not visible in the - on average -
younger pooled sample. Attainment in school is, similar to earlier findings, gendered, but also
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age-dependent; girls below age 12 are the most likely to report performing good in school. The
longitudinal sample additionally shows significant effects by educational capital, with more
educationally affluent learners also indicating better school attainment.

All of the surveyed learners are highly motivated to engage in activities which might potentially
foster in- and non-formal science learning. Apart from this intrinsic motivation, parents,
teachers, and friends are named as the most important sources of encouragement and
support.

Science is not a part of every learner’'s home culture; the higher the educational capital of a
respondent, the higher the probability that science is present in their homes. Younger learners
are more likely than older learners to talk to their parents about science. These parental-child
interactions were not found to be largely influenced by gender-stereotypes, vice versa,
however, fathers are addressing science more often with their offsprings than mothers do. At
a younger age, learners are also more likely to have peers who connect with science, whereas
this is particularly the case for boys below age 12. In the longitudinal sample, a higher
educational capital of the learner also makes having friends that are into science more likely.

Based on our logistic regression models, the probability to connect with science and develop
a highly positive science attitude rises with:

*

change over time (longitudinal sample)
potentially pointing to the impact of engaging in the SySTEM 2020 project on
developing a positive science attitude

high science importance at home
re-emphasising the role of socialisation

having friends, who like science
re-emphasising the role of the social environment

non-supportive siblings
potentially pointing to the fact that not all influencing factors are part of the model

high self-motivation (pooled sample only)
pointing to potential reasons for self-selection

liking science lessons in school
re-emphasising the connection between formal and non- and informal learning

perceiving one’s own school performance as good
re-emphasising importance of a positive feedback on learning efforts made in school

regularly engaging in self-directed science learning
re-emphasising the role of continuous engagement

regularly engaging in art-based science learning (pooled sample only)
re-emphasising the need for a broad concept of science learning which considers
informal science learning stemming from art-based activities

having reached a certain age
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9to 11 year olds are less likely to (already) have a positive science attitude (longitudinal
sample), 15 to 17 (longitudinal sample) / 14 to 16 (pooled sample) are more likely to have
a positive science attitude (potentially pointing to the process of science attitude
formation over time and processes of positive self-selection of certain age-groups)

Additionally, the regression analysis has also visualised the impact sampling mechanisms
might have on the data collected. The collaboration with schools for the roll-out of the SySTEM
2020 survey led to higher positive science attitudes for respondents in the pooled sample.

These factors explain a large part of variance for the longitudinal sample (39%), but do not
seem to fit the living realities of the pooled -and potentially more representative - sample
equally well (28%).

Based on the comprehensive data collection and analysis undertaken, we can draw many
parallels to findings confirmed by earlier studies. The STEAM learning ecologies of our learners
vary with age, gender-identities and educational capital. All of these socio-demographics
potentially structure the learners’ self-identities, their social environments and cultures, as well
as their chances to connect with science. While learning ecologies are dynamic, and form and
shape themselves with time, hardly any time-related differences were detected investigating
the longitudinally observed values and indices. This high stability might be in part related to
the short period of one time between wave 1 and wave 2, in part, the influence of the tested
socio-demographic variables - in particular of age, gender and educational capital - might
have shaped the learning ecologies irrevocably.

The evidence of persisting inequities in science learning that extend beyond the classroom to
the realm of in- and non-formal science learning across Europe and Israel/Palestine raises
important questions of the way STEAM learning can become more equitable. These insights
hence provide the empirical basis for other activities in the SySTEM 2020 project, tapping the
way different methodological tools can cater for the needs of diverse learners and non-
dominant groups in an inclusive and accessible way.
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9 ANNEX

9.1 Ethical Considerations

Since minors are involved in the SySTEM2020 data collection processes, specific ethical
considerations have been taken in consideration when designing the survey, the
recommendations for engaging potential participants as well as storing and analysing the
data.

9.1.1 Survey Development

Developing both the paper-based survey as well as the online survey as instruments for data
collection were guided by specific considerations of suitability and the diverse living realities
of the learners to be involved in the SYSTEM2020 project. The concepts and items used in the
surveys were derived from other studies specifically designed for children.

The learners were directly involved in survey testing (see section 3.2 of this deliverable)
(Seebacher 2019)(Seebacher 2019)(Seebacher 2019)(Seebacher 2019)(Seebacher
2019)(Seebacher 2019)(Seebacher 2019), their feedback on the piloted survey as well as
during the data collection process of wave 1 was thoroughly considered in the following steps
to ensure the suitability of the designed process and instrument. The ZSI ethics committee has
checked and approved the source survey version for wave 1.

The online survey version was created using the ZSlI-hosted version of Lime Survey to ensure
data protection when collecting and analysing the responses.

9.1.2 Consent Process

When doing research with minors, giving themselves a say in whether they would like to
participate and what their participation involves is recommended from an early age on
(Morrow & Richards, 1996).

In order to support the involved partner institutions in the process of gaining consent, three
model consent sheets have been set up by the ZSI team, whereas EMBL was crucial in
supporting these efforts:

Q) A consent sheet for minor survey participants themselves

(2) A consent sheet for a guardian of minor participants, where the guardians of the
involved minors are informed in a detail manner which sensitive data is going to be collected
about their children.

(3) A consent sheet for survey participants who have already reached majority (whereas
the legal threshold of achieving majority depends on national regulations and hence varies
from country to country)

All of the consent sheet versions have been approved by ZSI’s ethics committee.

The consent sheets informed the learners and their guardians in a transparent manner about
the longitudinal research undertaken. Equally, it collected contact details of the learners as
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well as the permission to reconnect once wave 2 is rolled-out. Lastly, the consent sheet was
used to collect additional information about the family background of the learners by asking
for the highest level of education completed as well as the current occupation of at least on
guardian. These questions were included directly in the consent sheet in order not to
overburden younger survey respondents, whereas those filling them in, are informed that their
answers will be linked to the survey responses of their children (in case of minors) or
themselves (in case of majors).

Participation in the study without consent was omitted. The consent sheets were thoroughly
stored at the partner institutions and not shared with other institutions. In order to facilitate
linking the additional questions included in the consent sheets with the surveys, as well as
linking the answers given in wave 1 with answers of the same respondent in wave 2, a process
of pseudonymisation was designed. That process resulted in attributing every participant a
pseudonymised code consisting of a letter attributed to the organisation, the number of the
data collection event and a sequential number indicating the chronological order of
processing.

A key document storing all the contact details of the respondents and their guardians as well
as the code was created by the partner organisation collecting the data. These key-documents
were stored safely within the institutions, were not shared and will be deleted at the earliest
possible time and latest at the end of the SySTEM 2020 project.

9.1.3 Data collection

Data collection with paper surveys in wave 1 and wave 2 happened supervised settings with
personnel trained in working with children and young learners, being able to support
especially younger or slow learners in the answering process and hence specifically strived to
be accessible and inclusive (see chapter 5).

When reaching out to participants of wave 1 for wave 2, practice partners used the agreed
contact details of the consent sheet and got in touch with the learners' parent(s) (in case of
minors) and the learners themselves.

The online survey version increased the accessibility of the tool, however, the particular survey
for data collection of wave 2 was only accessible using token-based, personalised links, which
were sent out by the practice partner institution in charge. When additional new respondents
were engaged in wave 2, partners were required to obtain the learners' parent(s) and the
learners' consent prior to their inclusion in the survey. The additional Lime Survey for new
respondents offered link-based access.

9.1.4 Data storage and analysis

The paper-based surveys were coded directly by the collecting partner institution and only
virtually sent to ZSl in a pseudonymised version using the participant code explained in the
previous section (4.2). ZSl stored these files at its local servers and did not distribute these
data files beyond consortium members. The online survey version was created with Lime
Survey that is directly hosted at ZSl servers to ensure data protection.

Further, data was analysed in an aggregate manner, groups too small for aggregation were
excluded in group-specific analysis to prevent personal identification of respondents. The
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results of the analysis will be openly available, for research purposes, the underlying data will
be indefinitely stored at ZSl servers.

9.2 Table of results

(All p-values are Bonferroni-corrected based on the number of comparisons)

concept|influencing|group mean test statistics group
variables size(n)

no significant changes between wave 1 and wave 2 identified
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s 2 3
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.5 £+ Capital
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3 The Consent Sheets informed the participants about these data storage and analyses procedures.
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concept|influencing|group mean test statisties group
variables size(n)

Self-directed science learning in a narrow sense (wl+w2 sample)

no significant differences by age-groups identified
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concept |influencing |group mean test statisties group
variables size(n)
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concept influencing |group mean test statisties group
variables size(n)
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concept|influencing|group mean test statisties group
variables size(n)

no significant differences by age-groups identified
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concept|influencing|group mean test statisties group
variables size(n)
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=
-
o L A female<12 p<0.05
= g r=0.16
w 0 male<12 2.36 p<0.001 70
. o © r=0.27
= .
-4 v 3 female>12 1.46 p<0.05 p<0.001 p<0.001 320
o 3 ) r=0.16 r=0.27 r=0.19
C E S8 males12 1.96 p<0.001 273
w ~ r=0.19
4 W-
H
Scé s(g E female p<0.001
S e g r=0.18
v 3 male 2.04 p<0.001 343
8 ! r=0.18
.GH) » Educ. no significant differences by educational strata identified
O
w 2 |capital
3 e i A
1
p 3 3 f-low p<0.05 p<0.05 p<0.001 46
= 1 - r=0.34 r=0.23 r=0.32
(9] ®
L op > m-low 2.05 p<0.05 38
g O 0, r=0.34
o . Y
oA © o f-med 1.56 p<0.01 157
i —~ B r=0.22
o z G
< S0 m-med 1.87 p<0.05 145
| o r=0.23
(@]
5 f-high 177 162
3
M m-high 212 p<0.001 p<0.01 135
r=0.32 r=0.22
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concept|influencing|group mean test statisties group
variables size(n)

L O A

p<0.01

>y r=0.22
- 1.90 228
ks 1.86 239
I 1.44 p<0.01 63
77 r=0.22
D :>: group female<12 male<12 female>12 male>12
=3
~ O éj female<12 p<0.001 p<0.01
o 2 g r=0.36 r=0.17
[N 9 male<12 2.58 p<0.001 p<0.001 p<0.05 98
: r=0.36 r=0.36 r=0.15
N 3 female>12 155 p<0.001 256
§ o) r=0.23
B g 0
oL < male>12 215 p<0.01 p<0.05 p<0.001 248
= 9 r=0.17 r=0.15 r=0.23
=
w ¢ W-
20 [QV
8 = female p<0.001
£ 2 r=0.27
S o male AT p<0.001 346
— g r=0.27
8 l{ Educ. no significant differences by educational strata identified
5 Capital
o~ =
>
o 3 3 f-low p<0.001 p<0.001
: — r=0.32 r=0.28
IS <
g © p m-low 2.10 49
CRNY B,
? o s
L3 S - med 1.68 p<0.001 p<0.001 157
r_{ = =
3 > - r=0.27 r=0.22
2 g 8 O m-med 2.36 p<0.001 p<0.001 p<0.001 128
= i r=0.32 r=0.27 r=0.32
& pe
3] f-high 1.58 p<0.001 p<0.001 127
S 3 r=0.32 r=0.27
= m-high 2.25 p<0.001 p<0.001 p<0.001 145
r=0.28 r=0.22 r=0.27
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WP3: EXAMINE

concept|influencing|group mean test statisties group
variables size (n)

no significant changes between wave 1 and wave 2 identified

no significant differences between age groups identified

no significant differences between age groups and gender identified

sample)

no significant differences by gender identified

D
|
., O
w0 E
: S N = N
o
Yy
o o » p<0.01 p<0.001
o 1l a r=0.16 r=0.26
N (@]
S oA i) = medium 3.48 p<0.01 p<0.01 304
GH) - ® P r=0.16 r=0.13
: O
n B 2 & high 3.73 p<0.001 p<0.01 296
o B O r=0.26 r=0.13
0]}
0 R e i e o
fol0]
g o3 f-low p<0.01
o . — r=0.29
58| 3
A R m-low 3.04 p<0.05 p<0.01  p<0.001 38
o v 2 r=0.29 r=0.25  r=0.39
o Y
T w2 f-med 3.52 p<0.05 p<0.01 155
. — =0.29 r=0.21
d o < (<] r=0.
A 0
© Sl momed 3.43 p<0.001 144
. 9 g
.g § r=0.24
< 0 f-high 3.6 p<0.01 160
= r=0.25
M m-high 3.9 p<0.01  p<0.001 p<0.01 p<0.001 133
r=029 r=0.39  r=0.21 r=0.24
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concept|influencing|group mean test statisties group
variables size (n)

no significant differences between age-groups identified

& no significant differences between age-groups by gender identified

~\
Q
)
g
d
w2
3¢ o o R N S
(0]
:| gj 'C_é p<0.05 p<0.01
= o o r=0.14 r=0.25
@]
o L AR medium 3.35 p<0.05 p<0.001 295
9 A 5D r=0.14 r=0.16
O H
a = high e p<0.01 p<0.001 290
0 g a0 r=0.25 r=0.16
(0]
L T i i
oo
= 8 3 f-low p<0.05 p<0.001 58
o o —_ r=0.22  r=0.33
o “ ©
oo o m-low 3.03 p<0.05 p<0.001 49
=R 0, r=0.24 r=0.31
o 8 g
s (OB f-med 3.31 p<0.001 156
o T — d r=0.24
p 0 S o9
g SGEN - med 3.39 p<0.05 127
! 'r—| =
© 5 r=0.20
g O f-high 3.52 p<0.05 p<0.05 127
0 g r=0.22  r=0.24
] m-high 3.75 p<0.001 p<0.001 p<0.001 p<0.05 145

r=0.33  r=0.31 r=0.24 r=0.20

92



WP3: EXAMINE DELIVERABLE 3.2: Report on survey results in 19 locations during two testing phases

concept|influencing|group mean test statisties group
variables size (n)

no significant changes between wave 1 and wave 2 identified

no significant differences between age-groups identified

no significant differences between age-groups by gender identified

no significant differences between age-groups by gender identified

G o R N N

sample)

agreement

gb ~ 0.01
p<
a0 g r=0.16
~ (o]
5 =l medium 3.7 p<0.001 306
Lo T © P r=0.16
5 £ O A
20 =88 high 3.93 p<0.01 p<0.001 298
f) qg) 0 O r=0.16 r=0.16
o F
8 w0 o f-low
-H
(0] —
T
- ©
I m-low 3.46 p<0.01 38
v g r=0.29
0] ©
— !
2o v 0 fmed 3.76 p<0.01 156
p o — r=0.21
o | ¢38
o) o © m-med 3.63 p<0.001 144
o -~ =
3 r=0.28
g f-high 3.79 160
T
& m-high 4.08 p<0.01 p<0.01  p<0.001 134

r=0.29 r=0.21 r=0.28
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concept|influencing|group mean test statisties group
variables size (n)

no significant differences between age-groups identified

& no significant differences between age-groups by gender identified

~
'g') no significant differences between age-groups by gender identified
2 &
i S . R S —
2 o
. g .C—é p<0.05 p<0.001
B o o r=0.13 r=0.25
0
e “ AR medium 3.68 p<0.05 p<0.01 298
~ A S D r=0.13 r=0.14
O o
9 5 ERSENhigh 3.92 p<0.001 p<0.01 291
5 qq) e r=0.25 r=0.14
-H
i T N I I O o
0]
A f-low p<0.001 p<0.001 59
y — r=0.29  r=0.29
g ° o
v g = m-low 3.54 49
oo 0,
n ™M ® ¢
o 2 (IR f-med 3.72 =
L —
2o s &
' =
R o © m-med 3.68 128
— o
0 :
- 3] f-high 3.91 p<0.001 127
% r=0.29
M m-high 3.95 p<0.001 145
r=0.29
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concept|influencing|group mean test statisties group
variables size (n)

no significant changes between wave 1 and wave 2 identified

Tlme

; T i S T R e T
g P
3 8 9-1 p<0.001 p<0.001 p<0.001
& B r=0.25 r=0.22 r=0.33
0 O 12-14 3.68 p<0.001 205
a0y r=0.25
c 1517 3.75 p<0.001 220
g % r=0.22
—~ A 18-21 3.5 p<0.001 110
r=0.33
CD -
¢ % e -
0]
- & female<12 p<0.05 p<0.05
0 o 3 r=0.16 r=0.18
. 2 o male<12 4.3 p<0.001 p<0.001 63
@ (@] r=0.23 r=0.24
o
a ‘g 3 female>12 3.67 p<0.05 p<0.001 286
o | r=0.16 r=0.23
. 0)
S P\(/\ Q) male>12 3.68 p<0.05 p<0.001 243
0, & r=0.18 r=0.24
8 = . .
' no significant differences by gender identified
0,
g) ° no significant differences by educational strata identified
~
o~ S
s g
; g no significant differences by educational strata and gender identified
o)
o

no significant differences by age group identified

o no significant differences by age and gender identified

no significant differences by gender identified

no significant differences by educational strata identified

no significant differences by educational strata and gender identified

Positive perception of science
lessons (wl+w2 sample)
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concept|influencing|group mean test statistics group
variables size (n)

no significant changes between wave 1 and wave 2 identified

o e R R R

9-11 p<0.01

Tlme

r=0.17
12-14 3.91 213
15-17 3.84 p<0.01 234
r=0.17
18-21
ﬂ-
~ éj female<12 p<0.05
< g r=0.18
g 3 male<12 4.1 p<0.01 69
s © r=0.19
= 3 female>12  4.02 p<0.01 299
c 9 0 r=0.16
W £ 0
=] g < male>12 3.73 p<0.05 p<0.01 p<0.01 262
CHN r=0.18 r=0.19 r=0.16
~ W
S T O L R
O M Y
% A % female p<0.01
g . o r=0.12
E % 3 male 3.08 p<0.01 331
g e r=0.12
o O
- T S ! -
&
Ly . p<0.001
o c r=0.26
< -d o
B %= | medium 3.81 p<0.001 296
M © P r=0.20
o Vv O -
o £ =1 high 416 p<0.001 p<0.001 291
TRTY B0 r=0.26 r=0.20
(@] 1
el I o e
<
ay o3 f-low p<0.05
'8 — r=0.25
0 ©
= m-low 3.45 p<0.01  p<0.01 38
o, r=0.27 r=0.27
T ¢
(@]
08 f-med 3.99 p<0.05 151
= r=0.20
(0]
5 O . 3.62 p<0.05 p<0.001 p<0.001 141
- r=0.20 r=0.31 r=0.28
©
0 f-high 417 p<0.05 p<0.01 p<0.001 156
2 r=0.25  r=0.27 r=0.31
F m-high 413 p<0.01 p<0.001 132
r=0.27 r=0.28
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concept|influencing|group mean test statisties group
variables size (n)

C N B B o B S

p<0.05 p<0.001
’;D‘ r=0.15 r=0.26
'3_. 12-14 4.00 p<0.0gi5 225
=1 r=0.15
I 3.89 p<0.001 238
g r=0.26
S 2 18-21
: 4 W-
<
E N
< ) female<12 p<0.05 p<0.001 p<0.001
S T r=0.23 r=0.22 r=0.27
= B o male<12 4.04 p<0.05 96
£ - ] r=0.23
5 4 3 female>12  4.02 p<0.001 255
H 9 0] r=0.22
= 0
0 g < male>12 3.88 p<0.001 244
S r=0.27
D&
¢ i R S R
e 8y
oy 9 female p<0.01
N d r=0.11
o) vV 0)
o (@] male 3.92 p<0.01 340
P M
Y r=0.1
O 1
% ,:‘ Educ. no significant differences by educational strata identified
4 Capital
4y
r?) no significant differences by educational strata and gender identified
n
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concept|influencing|group mean test statisties group
variables size (n)

no significant changes between wave 1 and wave 2 identified

Tlme

I T U
9-1 p<0.01 p<0.05
r=0.17 r=0.17
12-14 3.02 216
15-17 2.74 p<0.01 24
r=0.17
18-21 2.78 p<0.05 133
r=0.17
R = e =
~\
U éj female<12
r—
0, » g
S ) male<12 3.33 p<0.05 p<0.05 69
= O r=0.15 r=0.17
) i female>12 2.88 p<0.05 315
;‘;0 o) r=0.15
i E 0 males12 2.83 p<0.05 267
I
r=0.17

)

no significant differences by gender identified
Gender

.
g
o
—
A g
(0]
IS -
o P
: I o S N N
s
O '; p<0.001
0 5 & r=0.24
O W o)
= %= medium 2.72 p<0.001 304
Lo © P r=0.22
4 T o o
S =F =8 high 3.24 p<0.001 p<0.001 296
§ \% H O r=0.24 r=0.22
N I o o
Q 1
5 o3 f-low p<0.05  p<0.001 44
o = r=0.22 r=0.30
g as
= m-low 2.54 p<0.01 38
Q, r=0.28
T ¢
& O f-med 2.79 p<0.001 155
'C_*‘S a r=0.25
(0]
§ O m-med 2.68 p<0.01  p<0.001 144
'4’3' r=0.21 r=0.29
©
9] f-high 3.15 p<0.05 p<0.01 160
3 r=0.22 r=0.21
[ m-high 3.35 p<0.001 p<0.01 p<0.001 p<0.001 133

r=0.30 r=0.28 r=0.25 r=0.29
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concept|influencing|group mean test statisties group
variables size (n)

Science importance at home (wl+w2 sample)

E N i O A B

p<0.05 p<0.01 p<0.05
r=0.14 r=0.18 r=0.18
2.95 p<0.05 228
r=0.14
2.87 p<0.01 239
r=0.18
2.78 p<0.05 239
r=0.18
N e S o e e
éj female<12 p<0.01
g r=0.18
4&" 8 male<12 3.27 p<0.01 96
0] r=0.16
g 3 female>12  3.01 256
0]
& f;:ﬂ male>12 2.83 p<0.01 p<0.01 248
® r=0.18 r=0.16

N no significant differences by gender identified
A Gender
GE) '(_é p<0.001
g d r=0.18
o)
& A medium 2.90 p<0.01 295
e s 2 r=0.13
e ERETI high 3.21 p<0.001 p<0.01 290
IR e r=0.18 r=0.13
V N S e s
—
LOY
i 3 f-low
L —
<
e m-low 2.46 49
o,
T g
O
% f-med 2.97 156
s g
]
o © m-med 2.9 p<0.05 127
'g r=0.20
O f-high 3.36 p<0.05 127
£ r=0.20
= m-high 3.17 145
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concept|influencing|group mean test statisties group
variables size (n)

no significant changes between wave 1 and wave 2 identified

Tlme
. S e T T T N
) 911 p<0.001
~ r=0.23
& o)
g 20 12-14 2.86 p<0.001 215
2 < r=0.23
. B 15-17 3.04 238
‘%D CIE) 18-21 3.07
o O group female<12 male<l2 female>12 male>12
~H 0
~w Yy o
ap P female<12
0 3
S S
S8 3 male<12 3.51 p<0.05 p<0.01 69
- O r=0.15 r=0.19
o I 3 female>12 3.02 p<0.05 31
.. ) r=0.15
fol0)
L g < male>12 2.93 p<0.01 267
9]
n o r=0.19
G %40 ignifi diff b der identified
no significant differences ender identifie
o~ o~
o 7 W_-
s 0 — 0.05
\4 p<
o — : r=0.13
8. ok S | di 2.94 0.05 302
' : medium . p<0.
@ P r=0.12
S O -
- % % high 3.21 p<0.05 p<0.05 295
har g O r=0.13 r=0.12
)]
o)
o

no significant differences by educational capital and gender identified
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variables size (n)

Positive peer attitudes to science

(wl+w2 sample) [1-5]

Age & Gender

Gender

no significant differences by age group identified

female<12
male<12

female>12

male>12

3.43 p<0.05 97
r=0.16
2.96 p<0.05 253
r=0.16
3.11 247
e
p<0.05
r=0.08
3.20 p<0.05 344

r=0.08

no significant differences by educational strata identified

no significant differences by educational strata and gender identified

9.3 Survey Versions Wave 1
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9.3.1 English Standard Survey Wave 1

SCIENCE
LEARNING

QNS E
THECLASSROOM B Hﬂ

QUESTIONNAIRE:
Things I Like To Do Both In
and Out of School

Thank you for your help with this survey! Qur aim is to find out what young people
between 9 and 20 years like to do and what they think ebout a range of i1zsues
related to science, their lzisure activities or the groups they are part of.

Pleasze read sach question carefully and choose the answer that applies to you.

»  With most guestions you simply tick the circle “2"next to the answer that
describes you best.

* When you see questions with boxes “[0"instead, you can select more than
One anSwer.

*  Whenever you find a line like thizs: * “ you are asked to write
something down.

Some of the questions specifically ask about your mother or your father - if this
does not relate to your personal situation, please answer these guestions in
relation to people who are like a mother or a father to you, for example guardians,
stepparents, foster parents._.

This iz not a test, there are no right or wrong answers - we are interested in your
honest answers and opinions only!

= First, please tell us YOUR MNAME:
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1. HOW OFTEN do you do the following activities outside of school hours? Please
tick the circle in the corresponding column.

THINGS I LIEE TO DO

Every
day or
almost A few Hardly
Activity avery 1-2times 1-2times timesa ever or
day a week a month year never
Visit & farm, & zoo or an agquarium o o
Participate in an after-school activity (e.qg. o o
music or dance classes)
Do zportin a team (e.g. soccer) o o
Spend time outdoors o o
Do science experiments at home o o
Visit websites to l2arn about things you're o o
interested in out-of-school-hours
Uze social media such as Instagram, o o
YouTube, Snapchat, Facebook or Twitter
Build or take things apart or repair things o o
Play a musical instrument or sing or hum o o

Do you do an activity not listed?
Tell us what it is:
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WP3: EXAMINE

DELIVERABLE 3.2: Report on survey results in 19 locations during two testing phases

If you had to pick just one of the activities from the list above (including the ones
you added), which QNE do yvou like most?

WHO do you usually do this activity with? (You can tick more than one answer)
[ & Parent or Guardian

[ A Sister or Brother

[ A Grandparent or other Relative

[ A Teacher

[ A Friend or Friends

[ | do this activity on my own

[0 Someone elze — who iz it?

GROUPS I'M PART OF

What teams or groups are you & part of or have been a part of? Which groups would you
like to join if you could?

Tick the first circle if you already participate in such & group or have been part of.
Tick the second circle if you don’t participate in the group. but would like to if vou
could.

Tick the last circle, if you are not in such a group. and also not interested in
joining.

4. Groups I'm part of or would like to join / Groups | have been part of for some
time
| am already a part | would like to _ [ am not
(or have been ioin interested in
Group part) cuch a arou joining such a
of such a group = groug group
A sports ﬂlut_: (such as - - -
soooer, tennis)
Soout troop 0 a o
A choir, music or 0 a
dance class
Drama or acting class 0 a o
Cooking or sewing o o o
class
2
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| am already a part . | arn not
(or have been I wm.l.I;:lill-llk.e to interested in
Group part) J joining such a

such a group

of such a imui imui

O O o

Another group ar club

WHO ENCOURAGES YOU TO DO THE THINGS YOU DO?

For each activity, tick a box for each person who encourages you to do this. You can put
more than one tick in one row, if necessary.

For example, if your mother and sister encourage you to use the library, put a check
by “A parent or guardian encourages me to do this” and by “A sister or brother
encourages me to do this.”

3. Who encourages you to do the things you do?

A grand-
parent or
A parentor A sister or other
guardian brother relative Ateacher A friend ]
ldon'tdo snoourages encoursgez  encoursgez  encoursges  encoursges | Motivate
this me me me me myself

LUsze a library

Spend time

Cook or bake O O O O O O O
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A grand-
parent or
& parentor A sister or other
guardian brother relative Ateacher A friend i
ldon‘tdo sncoursges SNCOUTrEQEs SNCOUrEges  SNCOUTEges  Sncoursges | motivate
this me me me me me myself

Visit web-
sites to learn

about things O O O O (m] (| O

you're
O (] (W] O O O O

interested in

Build or take
things apart

Play a musical
instrument or
sing or hum

u) m) O O m) (] (]
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6. How do you feel when you think of “SCIENCE’? Please answer the following 3
guestions and tick the circle on each of the three rows which best describes your
feelings:

QUESTIONS ABOUT SCIENCE

7. Are there science topics that you find particularly interesting?
(To give you some examples: planets, mixing materials, computers, the
weather, plants, the human body, genetics, earthquakes, animals,
hurricanes, building bridges, engines, GPS, ecology and food can all be
sgience topics you are interested in.)

8. If yes. which ones? Please list them in the box below!
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Below you find a list of statements. Some people agree with them and others do not.
What do you think? For each line, please only tick one circle.

8. What do vou think?
Agreea Agreea Disagreea Disagree
little Undecided little alot

Other people of my
age find it easier to

learn science topics
than | do

]

O ] O O ]

My mother talks to me
about science

| think | would make a
ood scientist

My close friends enjoy
solence

Socience is helpful in
understanding today’s o 0 O o 0
world

]

| have no idea what my

family thinks of O ! O o Q

science
] ] O O

Science i1z not for me

ﬁ -
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2

QUESTIONS ABOUT SCHOOL

10.Please choose your siroumstanoes: (More than one answer is possible)

[0 Going to sohool or university

O Apprentioezhip / vocational work

[ Part time or full time employed or self-employed
[ Undertaking voluntary work

[ Unesmployed and locking for a job

C Unemployed and not looking for a job

O Carer [ homemaker

O Military Servios

O Other-

The following questions deal with your sohool-experisnoez. If you are currently not
snrollsd, please answer them with regard to your last sohool ysar.

1. Whioh, if any of these, is your favourite subject at 2ohool? Tick the circle next to
the category that contains your favourite. (Please choose only one answer)

O Natural Soisnoes (Biclogy, Physics, Chemistry, Geology)

= Arte and humanitisz (music, history, religious education, languages, art,
geography, social sciences)
2 Mathasmatios

2 Phyzioal sducation

© None of these

2 | like all of them squally
O Other:

12. In general, how do your teachers perceive your achisvement at sohool?

() O O ) ()

Bad Okay Good

=]
i
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Below you find two statements. Some people agree with them and others do not.
What do you think? For each statement, please choose and tick one circle that captures
your opinion in the best possible way.

13. What do you think?

| don't have
Agresa Agresa Dizagres s Dizagresa zoisno=in
lot little Undeoicded little lot zohool
Science lessons are o o o o o o
exciting.
| look forward to m
science lessons. Y © o o © o o

ABOUT ME

The following questions want to get to know you better. Please help us with this!

14.How old are you? years old

15. What gender do you identify with?

16. Where do you live? (Please tick one!)
© In the country side
O In the outskirts of a city or close to a city

O In the city

17. In which eountry were you born? | was born in

18. Have you ever lived in a different country?
O Yes
2 MNo

19.1s English your first language?
o Yes

o No
If not, what is your first language?

10
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Below you find two statementz. Some people agree with them and others do not.
What do you think? For each statement, please choose and tick one circle that captures
your opinion in the best possible way.

13. What do you think?

| don't have
Agras a Agrasa Dizagras a Dizagrasa szoisnoain
lot little Undeoided little let sohool
Science lessons are o o o o o o
exciting.
| look forward to my o 5 o 5 5 5

science lessons.

ABOUT ME

The following questions want to get to know you better. Please help us with this!

14.How old are you? years old

15. What gender do you identify with?

16. Whers do you live? (Please tick one!)
O In the country side
O In the outskirts of a city or close to a city

O In the city

17. In which eountry were you born? | was born in

18.Have you ever lived in a different country?
O Yes
2 Mo

19.1s English your first language?
0 Yes

0 No
If not. what is your first language?

m
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=

20.What languages do adults in your home use when talking to each other?

21. What languagesz do you epeal at homae?

22 How many psopls live in your home in total - insluding yourzslf?

23.Wheo do you live at home with?

Your mother
Your father

Your guardians or foster
parents

Your grandparents
Your sisters and brothers
Other relatives

ogooo o oo

Your child or children
Someons else? Who?

O

24.Do you experience serious diffioultiss with hearing, seeing, speaking or moving?
0 Yes
2 No

25.Which of these sducation levelz have you complsted fully? (More than one
answer is possible)

O Pre-school education

O Primary education

O Secondary education (Junior Certificate)
O Secondary education (Leaving Certificate)
O Third Level Education

O Other:

12
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[ ]

26.Havs you any sxpsrisnos of working a job?
2 No

2 Yes
If yoz, WHAT did you do? (More than one answer is possible)
O Summer job
O Internship
O Consultant or contractor
O Part time job
O Full time job

27.How many booksz can be found in your home? (Do not count magazines,
newspapers or school books)

= None or very few (0-10 books)

< Enough to fill one shelf (11-25 books)

2 Enough to fill one bookeoase (26-100 books)

2 Enough to fill two bookoases (101-200 books)

2 Enough to fill thres or more bookoaszes (more than 200 books)

28.How many of the following items can be found in your homea?

Nonas 1 2-4 5 or Mora
Televisions O o (o] o
Cars, vans or trucks o 0 o o
Smart phones in use o o 0 o
Computers and tablets o o 0 o
Music instruments (e.g. a
quitar or a piano) - = E o

THANK YOU FOR ANSWERING ALL THESE QUESTIONS!
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DELIVERABLE 3.2: Report on survey results in 19 locations during two testing phases
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WP3: EXAMINE DELIVERABLE 3.2: Report on survey results in 19 locations during two testing phases

27. How many books can be found in your hems? (Do not count magazines,
newspapers or school books)

= Nons or very few (0-10 books)

2 Enough to fill one shelf (11-25 books)

< Enocugh to fill one bookoase (26-100 books)

< Enough to fill two bookoases (101-200 books)

< Enough to fill thres or more bookoases (more than 200 books)

28. How many of the following items can be found in your homa?

Nones 1 2-4 5 or Mora

Televisions o (4] o (o]
Cars, vans or trucks o o) o} o
Smart phones in use o (o] o (0]
Computers and tablets o 0 o o
Music instruments (e.g. a

N . (8] (9] @] a
guitar or a piano)

29. What gender do you identify with?

THANEK ¥OU FOR ANSWERING ALL THESE QUESTIONS!

10
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WP3: EXAMINE DELIVERABLE 3.2: Report on survey results in 19 locations during two testing phases

26.Have you any experience of working a job?

2 No

 Yes
If yes, WHAT did you do? (More than one answer is possible)
O Summer job
O Internship
O Consultant or contractor
O Part time job
O Full time job

27.How many books can be found in your home? (Do not count newspapers or
school books)

2 None or very few (0-10 books)

2 Enough to fill one shelf (11-25 books)

< Enough to fill one bookcase (26-100 books)

Z Enough to fill two bookcases (101-200 books)

2 Enough to fill three or more bookcases (more than 200 books)

28.How many of the following items can be found in your home?

None 1 2.4 More than
Cars, vans or trucks Fe ] o o o
Music instruments (2.g. a
guitar or a pianao) - - - -

THANE ¥0U FOR ANSWERING ALL THESE QUESTIONS!
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9.4 Survey Versions Wave 2

9.4.1 English Standard Survey Wave 2
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WP3: EXAMINE DELIVERABLE 3.2: Report on survey results in 19 locations during two testing phases

26. Have you any experience of working a job?
< No
2 Yes
If yes, WHAT did you do? (More than one answer is possible)
O Summer job

O Internship

0 Consultant or contractor
O Part time job

O Full time job

27. How many books can be found in your home? (Do not count magazines,
newspapers or schoolbooks)

2 None or very few (0-10 books)

< Enough to fill one shelf (11-25 books)

Z Enough to fill one bookcase (26-100 boaoks)
< Enough to fill two bookcases (101-200 books)

< Enough to fill three or more bookcases (more than 200 books)

28. How many of the following items can be found in your home?

Mone 1 2-4 2 or More
Televisions o (o] (o] o
Cars, vans or trucks fo) O ') 0
Smart phones in use O (o] (o] (s
Computers and tablets o O o o
Music instruments (e.g. a
guitar or a piano) - e e =

THANE ¥YOU FOR ANSWERING ALL THESE QUESTIONS!

11
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WP3: EXAMINE DELIVERABLE 3.2: Report on survey results in 19 locations during two testing phases

9.4.2 Online Survey Wave 2

Load unFinished su

SCIENCE
LEARNING
OUTSIDE
THECLASSROOM

SCIENCE
LEARNING
OUTSIDE
THECLASSROOM

Language: English

SySTEM 2020 Questionnaire: Things | like to do both in and out of
School

THANK YOU FOR PARTICIPATING IN THIS SURVEY AGAIN!

SCIENCE [=+] 5Y
LEARNING " SETEM
OUTSIDE E
THECLASSROOM il 2020

SCIEMCE @
LEARMING IH.‘

QUTSIDE
THECLASSROOM

Our aim is to find out what young people bebween 9 and 20 years like to do and what they think about a range of issues related to science,
their leisure activities or the groups they are part of.

Please read each question carefully and choose the answer that applies to you.

« With maost questions yvou simply tick the circle "o next to the answer that describes you best,
« When you see questions with boxes "0 " instead, you can select more than one answer.
+ Whenever you Find a line like this: " "you are asked to write something down.

Some of the questions spedifically ask about your mother or your Father —iF this does not relate to your personal situation, please answer
these questions in relation to people who are like a mother or a Father to you, for example guardians, stepparents, foster parents...

This is not a test, there are no right or wrong answers - we are interested in your honest answers and opinions only!
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WP3: EXAMINE DELIVERABLE 3.2: Report on survey results in 19 locations during two testing phases

THIMNGS I LIKE TO DO

HOW OFTEN do you do the Following activities outside of school hours? Please tick the circle in the corresponding column.

Every day or almost svery
clay 1-2times aweek 1-2times a manth A Few times a year Hardly ever or never

Uem 5 library
Wisit a farm. & 200 or an aguarium

Wisit a scimnc= gallery, exhibition
OF MusEwm

Participat= in an aftarschool ac-
Biwity (.. music or dance classas)

Cook ar bake
Do sportin a team (2.5, soccer)

Do sport by yourselF {e.s.running,
dancing}

Ep=nd bim= oubdoars
Carden or groawr plants akhams
Do sci=nce sxpariments ak home

Es d 1l 3
very Sy :r_ dlmastevery 1-2times aweek 1-2times a manth A Few times a year Hardly ever or never
cay
RA=ad & book or magazine not For
school

Wisit wabsit=s during ouk-of-
school-hours to l=arn sbouk thinss
you're inkberestad in

Je= o campukar, game= consols,
pad ar mobile phone to play
gamas ak haom=

Us= social media swdh as
Instasram, YouTube, Snapchak,
Facebook or Twitter

Wabch a vid=a abaut sci=nce,
maths, or technoloay in aub-of-
schecl-hours

Build or taks= thinks apart or repair
things

Take care of pats

Play a musical inskrument or sing
orhum

Actively lisk=n ba music

Do you do an ackwiby nok lisked:

# Do you do an activity not lisked? Tell us WHAT it is:
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% IF you had to pick just one of the activities from the lisk above (including the ones you added), which OME do you like most?

Us= 3 libramy

Wisit a Farm, a 200 or anaguarium

Wisit a scisnce gallary, axhibition ar mussum

Participat= in an afe=r-school activicy (=.3. music or dance classes)

Cook or bake

Do sportin 3 t2am (2.5, soccer)

Do sport by yourselF (=50 running, dancing)

Zp=nd time outdoors

Carden or srow plants at hamse

Do sci=snce sxperismeants st home

Re=ad & book or magazine nok For school

Wisit websites during cut-ofschocl-hours bo l=arn about thinzs you're inb=rested in
Uz 3 computer, sama conscle, pad or mobils phone bz play sarmas at hames
Us= spcial miedia such as Inskagram, YouTube, Snapchiat, Facabook or Twitter
Watch a video abaut scence, maths or kachrolozsy inout-ofschool-hours
Build or take things apart or r=pair things

Take care of pets

Play a musical instrument or sins ar hum

Actively lisken bo music

3% WHO do you usuzlly do this acitvity with?

A Parentor Cuardian

A Sigker or Brother

A Grandparent or other Relative
A Teacher

A Friznd or Friands

| dao this activity on my cwn
Ecmeone elos - WHD = 7

& You can tick more than one answer.
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GROUPS I'M PART OF

\what teams or groups are you & part of or have been a part of? Which groups would you like to jein if you could?

» Tick the First circle if you already participate in such a group or have been part of one.
» Tick the second circle if you don’t participate in the aroup, but would like ko if you could.
» Tick the last circle, if you are not in such a group, and also not interested in joining.

lam zlready  part (or have been part) of
such 2 group Iwzuld Like to join | sminot intarestad in joining such 3 sroug

A sparts dlub (such a5 soccer, tan-
nis}

Scoutktroop

A chair, music ordance class
Drama or acting class
Cooking or sewing class
Raligious youth sroup

Anather aroup or cub k.

% tnother group or club:
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EXAMINE

For=ach

DELIVERABLE 3.2:

Report on survey results in 19 locations during two

WHO ENCOURAGES YOU TO DO THE THINGS YOU DO?

iy, tick @ bax For each perzon who encourages you to do thiz. You can put more than one tick, if necessany.

For =xample, i your mother and sister sncourase you bo use the library, puk a check by "A parent or guardian encourasss me o do this™ and by A sister or

brathar encourages me to dao this.”

I don't do this

A parent or quardian =ncourages me

A zizter or brother sncourases me

A grandparent or other relative encourazes me
Ateacher sncourases me

A friend encourases me

I motivats myself

Use a library

I den't do this
& parent or guardian =ncouragss me
A sizter or brother sncourases me

A grandparent or other relative encou

Ateacher snicourages m=
A friend encourases me

I motivatz myself

Take part in sports

I don't do this
A parent or guardian =ncourages me

A zizker or brother encours

& grandparent or other relative encou

Ateacher sncourages m=

A Friend =ncourzzes me

I motivate myzelf

Go to a science gallery, exhibition or museum

testing phases
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Spend time outdoors

| don't do this

A parent or guardian =ncourages me

A sizker or brother encourases me

A grandparent or other relative encourases me
Ateacher =ncourages m=

A Friend encourages me

I motivabe myself

Garden or grow plants at home

I don't do this

A parent or guardian sncourages me

A sizker or brother encoursses me

A grandparent or other relative sncourages me
Ateacher =ncourases me

A Friend =noourases me

I motivabe myself

Cook or bake

| don't do this

A parent or guardian =ncourages me

A sizker or brother encoursses me

A grandparent or other relative sncourages me
Ateacher =ncourases me

A Friend =noourases me

I motivabe myself
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Read a book or magazine not For school

I don't do this

A parent or guardian sncourages me

A sizker or brother encourages me

A grandparent or other relative encourages me
Ateacher sncourases me

A Friend =noourages me

I motivate myself

Visit websites to learn about things you're interested in

I don't do this

A parent or guardian sncourages me

A sizker or brother encourases me

A grandparent or other relative encourages me
Ateacher sncourases me

A Friend sncourases me

I motivate myself

Watch a video about science, maths, or technology

I don't do this

A parent or guardian sncourages me

A zizter or brother =ncourases me

A grandparent or other relative encourages me
Ateacher sncourases me

A Friend sncourases me

I motivate myself
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Build or take things apart

I don't do this

A parent or guardian sncourages me

A sizker or brother encourases me

& grandparent or other relative sncourages me
A teacher =nocourages me

A Friend =noourages me

I motivabe myzelf

Take care of pets

I don't do this

A parent or guardian sncourages me

A sizker or brother sncourases me

& grandparent or other relative encourages me
A teacher =ncourages me

A Friend mnoourases me

I motiwabe myzelf

Play a musical instrument or sing or hum

I don't do this

A parent or guardian sncourages me

A zizker or brother =ncourases me

A grandparent or other relative encouragss me=
Ateacher =noourases me

A Friend =noourages me

I motiwabe myzelf
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QUESTIONS ABOUT SCIENCE

% How do you Feel when you think of 'SCIENCE'? Please answer the Following 3 questions and tick the circle on each of the three rows
which best describes your Feelings:

Very bored Rather bored In between Rather Fascinated Very Fazcinated

% How do you Feel when you think of 'SCIENCE'?

Meanz nothing at all ko me Means hardly anything bo me In between Mean: quike a bit to me Meansz a lot ko me

% How do you Feel when you think of 'SCIENCE'?

Very afraid A little afraid In between & litele excited Wery exciked

=
Are there science topics that you find particularly interesting?

" Yes
Mo
@ To give you some examples: plansts, mixing materials, computers, the weather, planes, the human body, g=netics, =arthguakes, animals, hurricanes, building bridges, enginas,

GPS, ecology and Food can 2l be schence topics you are interestbed in.

o
IF yes, which ones? Please list them in the box below!
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=
Below you Find a list of statements. Some people agree with them and others do not. What do you think? For each line, please only tick
one circle.

Agree a lok Agree a little Undecided Dizagree a little Dizagre= a lot
| =njow l=arning scisnce
Other prople ofF my soe find it
masier bo l=arn sci=snce topics than
I do
My mother talks to me abouk sci-
=noe
| Find sciemce= bo be really inb=rest-
ing
| think | would make & good scien-
Lisk
| sme Fiow scisnce relabss to my
Liifie
Py diose Friends enjoy sciemno=
My parents are inb=rested in sci-
=noe
Ecence is helpful in understand-
ing today's world
Py Father kalks bo me abouk 5.0~
mnoe

Agree a lok Agree a little Undecided Dizagree a little Dizagree a lot

| haw= mo ides what my Family
thinks of sciznce

Py way of thinking and l=arming
makes it hard to understand sdi-
=noe

Sdence is not for me
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QUESTIONS ABOUT SCHOOL

The Following questions deal with your school-experiences. If vou are currently not enrolled, please an-
swer them with regard to yvour last school year.

% Please choose your circumstances:

Coing to school

Coing to university

Apprenticeship { wocational training

Part tirme or Full ime employed or self-employed
Undertaking voluntary work

Unemployed

Other:

® More than on= answer is possible

o

Which, if any of these, is your Favourite subject at school? Tick the circle next to the category that conkains your Favourite.

Matural Sciences (biclogy, physics, chemistry, s=ology)

Artz and humanitiesz {music, history, relisiows aducation, lansuages, art, g=osraphy, social sciances)
Mathematics

InFermatics (coding, multimedia)

Physical education

Mone of these

I like all of them equally

Other:

B Pl=as= choos= only one answer.

s

In general, how do your teachers perceive your achievement at school?

Really bad Rather bad Okay Rather good Really good

o

Below vou find two statements. Some people agree with them and others do not.

What do you think? For each statement, please choose and tick one circle that captures your opinion in the best possible way.

What do you think?

| don't have science
Agree alat Agree alittle Undecided Dizagree a litkle Dizagres alot in zchoaol

Scence lessons are excting.

| Looke Foraard to miy sci=nce
L=zzonsg.
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ABOUT ME

The fFollowing guestions wank to get to know you better. Please help us with this!

% How old are you?

years ald

* What gender do you identify with?

* Where do you live?

In the counkry side:
In the cutskirts of a city or close ko a ity

| thi= ity

@ Plazs= bick ona.

% In which country do you live?

Please choose_. R |

% In which country were you born?

Pleaze choose... o |

%

Have you ever lived in a different country?

Mo
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% What languages do adults in your home use when talking bo each other?

#* What languages do you speak at home?

=

Who do you live at home with?

¥our mother

Your Fathar

¥our guardians or fosber parents
¥Your grandparants

Youwr sisbers and brathers

Other relatives

Your child or children

Someone els=? Whao

o

Do you experience serious difficulties with hearing, seeing, speaking or moving?

Mo

o

Have you any experience of working a job?

% If yes, WHAT did you do?

Surmimier job

Int=rnship

Consultank or contracktor
Part tirme job

Full time= job

& More than ona answer i possible.
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% How many books can be found in your home?

Mone or vary Few (0-10 books)

Encugh bo Fll ane shelf (11-25 books)
Encugh to Fll ane bookcase (25-100 books)
Encusgh to Fll two bookcazes (101-200 books])

Encusgh bo Fll Ehree ar mare bookcazes (more than 200 books)

© Do not count magazines, newspapers or school books.

How many of the following items can be Found in your home?

Hone 1 24 5 or Mare
Tel=visions
Cars, vans or trucks
Smart phones in use
Computars and tablets

Music instruments [=.3. 3 guitar or & piano}

THANK YOU FOR ANSWERING ALL THESE QUESTIONS!

(010
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