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. 

Learning happens at any time in a diversity of locations and the SySTEM 2020 project 

recognises that STEAM learning1 is not solely attributed to classrooms (formal learning) or 

museums and science centres (non-formal learning). Instead, learning experiences and 

knowledge development take place within a complex learning ecosystem, a so-called learning 

ecology, which is specific to each learner and influenced by their physical, social and cultural 

contexts (Bevan, 2016).  

The SySTEM 2020 project aims to develop a detailed understanding of science learning in 

informal and non-formal settings. The project explores the ways in which science learning, 

science attitudes and aptitudes are influenced by learners’ own physical, emotional, social and 

cultural contexts. As researchers following Bourdieu’s theory of cultural reproduction (e.g. 

Nash 1990) have pointed out, the way learning environments are organised reflects and 

supports the cultural resources of the dominant group, who are familiar with the “dominant 

cultural conventions of thought and action of a particular society” (Grenfell 2004, 50). This is 

why the SySTEM 2020 project puts a focus on equity in science education and the learning 

ecologies of non-dominant groups, to further understand and support equity in science 

learning. 

Work Package 6 evaluates the multiple dimensions of STEAM learning using a variety of five 

different methodological approaches unified in a common evaluation framework, which is 

described in detail in D6.1 and D6.3. In the chapter two, we will first introduce the tools and 

methods used to assess science learning and science attitudes of young learners. This section 

also includes information on the groups of young learners we reached out to, i.e. the sample 

description for each tool. In chapter three we present the main results, using the evaluation 

framework presented in D6.3. Hence, after giving a general overview of the scope of learning 

we deal with, potential influencing factors, such as the personal situation, the influence of time 

and place and the influence of the social environment are explored. Finally, we reflect on the 

potential effects of the evaluation itself and of the tools used on changes in the individual 

learning ecologies.  

 

 
1 Science learning is a conceptually broad term which has been differently addressed by the various evaluation 
tools. In order to re-emphasise the broad meaning of science including arts as central element, however, as well as 
to make this document coherent with former deliverables of the SySTEM 2020 project, in this deliverable we use 
science learning and STEAM learning interchangeably. However, we want to point out that we strictly do not want 
to perpetuate shallow and narrow understandings of STEAM that may lead to a backlash against true 
transdisciplinary learning (see Mejias et al. 2020 for further elaboration) 
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This deliverable report connects the work of three of the different data collection tools 

developed for the SySTEM 2020 project:  

• Longitudinal Questionnaire (LS in short, led by ZSI), which surveyed the same learners 

twice within the time-frame of one year, 

• Experience Sampling Method (ESM in short, led by ZSI), which consists of a range time-

sensitive, consecutive and experience-triggered micro-surveys, 

• Learning Portfolios (LP in short, led by SGD/TCD), which are a creative reflection tool 

created by the learners themselves to capture their own learning processes.  

The common evaluation framework presented in D6.1 and D6.3 serves as an orientation for 

selecting the elements all three tools investigated. The combined perspective of the 

quantitative and qualitative approaches aims to shed light on multiple dimensions of the 

science learning ecologies of young learners aged between 9 and 20, living across Europe and 

in Israel, to further understand, enhance, and support equity through informal and non-formal 

science learning.  

This deliverable addresses Task 6.2 (Analysis of data from Questionnaires and Learning 

Portfolios), Task 6.3 (Implement Evaluation and Collect Data), and follows up on Task 3.6 

(Production of Learning Portfolios). Since the ESM does not have an instrument specific 

deliverable, the report at hand also elaborates on the usability testing procedures used for the 

tool development (Task 6.4 User Acceptance Assessment).  

As such, this deliverable will explore the following research questions:  

1. How do emotional learning, cognitive learning and behavioural learning experiences 

influence learners’ engagement in science activities? (Section 3.1) 

2. What can these tools (Longitudinal Survey, ESM and Learning Portfolio) tell us about 

the influence of the personal situation on science learning outside the classroom? 

(Section 3.2.1) 

3. What can these tools (Longitudinal Survey, ESM and Learning Portfolio) tell us about 

the influence of time and place on science learning outside the classroom? (Section 

3.2.2) 

4. What can these tools (Longitudinal Survey, ESM and Learning Portfolio) tell us about 

the influence of the social environment on science learning outside the classroom?  

(Section 3.2.3) 

5. In what ways can science learning experiences support self-esteem and empowerment 

in participants? (Section 3.3) 

As part of Work Package 6 “EVALUATE”, this deliverable contributes to the evaluation of 

science learning. We first introduce our data collection tools and our sampling methods. Then 

we report on our findings, answering the five research questions listed above. Finally, we 

reflect on the limitations of this activity, and draw conclusions based on our sample and 

findings.  
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The following key findings are based on the Longitudinal Survey (WP3), the Experience 

Sampling Method (WP6) and the Learning Portfolios (WP3), which altogether engaged 856 

unique individuals aged between 9 and 20 years and living in one of 17 countries across 

Europe or Israel. 

• Learning ecologies are relatively stable over time, nevertheless the engagement in a 

science workshop or learning programme can trigger multiple reflection processes, 
strengthen the learners’ self-esteem and change the perception of their own learning 

processes 

 

• Behavioural, cognitive and emotional learning processes are highly interconnected and 

shaped by age, gender, the educational capital of learners and their various 

intersections 

 

• In particular, the intersections of educational capital and gender-identities seem to 

shape learners’ habits, the way they connect with science, the support they seek and 

the spaces they use to learn and share new science-related insights that matter to them 

 

• Young learners enjoy science events most if they feel clear about what they are doing 

and learn something new during the event. This demonstrates how important it is for 

non-formal learning activities to have a clear agenda.  

 

• Knowledge acquisition motivates young learners to follow up on specific science 

related topics, emphasising once again the interconnection of cognitive and emotional 

learning processes 

 

• Findings relating to the social background and the gendered perception of science 

learning underline the importance of an inclusive science learning setting, which gives 

space to learners, who are less likely to take this space on their own:  

 

* The personal background of young learners might also shape the way they 

interact and feel during science learning programmes. Learners possessing a 

high educational capital tend to feel more sociable while participating in science 

events than learners from comparatively lower educational backgrounds, as 

they potentially feel more familiar with the situation and the corresponding 

community of practice, facing fewer difficulties to interact with other 

participants.  

* we see that the way in which young learners share science related information 

with others and their purpose for doing so, is gendered. Female-identifying 

learners tend to share information more often to receive further information and 

to learn about new science related things. Male identified learners tend to use 

written resources more often to follow up on their scientific interests. At the 

same time, they tend to share information more often in formal contexts (e.g. 

with teachers), presenting what they have learned rather than asking for 

feedback.  
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This chapter introduces each of the tools by outlining their design, their underlying testing 

procedures and a description of the sample of the learners who used the tool. D6.3 categorises 

the SySTEM 2020 research tools as either being reactive, i.e. standardised, producing 

quantitative results; or reflective, which are open, action-based research tools that yield 

mostly qualitative results. This report explores the intersection of reactive and reflective tools, 

by combining insights from the reactive longitudinal survey and experience sampling method 

with the reflective learning portfolio and makes the most of the strengths of a mixed method 

design. 

The longitudinal survey provides an in-depth perspective of the SySTEM 2020 target group's 

science learning ecologies. While being reported in detail in D3.2, the following section gives 

a short overview of the instrument design, application and the learners who participated in the 

longitudinal part of the survey.  

The SySTEM 2020 questionnaire investigates the STEAM learning ecologies (Bevan 2016) of 

young learners across all educational levels in 17 different countries located in Europe and 

Israel/Palestine. Their learning environment is shaped by the interaction of formal and informal 

learning opportunities over time. Thereby, individual science interests can be triggered, 

science knowledge is gradually developed and incorporated, and scientific topics can either 

be present or absent in social interactions as well as play or not play an important part of self-

identification(Bevan and Michalchik 2013). The specific way learning ecologies form are 

further shaped by intervening socio-demographic variables such as age, gender, sexual 

orientation, ethnicity, religious affiliation, dis_ability, the family habitus as well as the place of 

living (e.g. Archer et al. 2012; Hazari, Sadler, and Sonnert 2013). The instrument was developed 

on the basis of existing surveys tapping science learning ecologies (DeWitt et al. 2013; Falk et 

al. 2016). The source survey was hence set up as quantitative, paper-based self-administered 

longitudinal survey covering the following four thematic parts:  

(1) questions about activities, the participation in groups and the support of the  

      social environment 

(2) questions about science 

(3) questions about school and science in school  

(4) questions about socio-demographic variables.  

The source survey has been tested in two phases using cognitive probing interviews and self-

administered answers to test the source survey. The revised survey was then translated by the 

partner organisations into their needed language(s) using professional translation services and 

again tested for translation issues and local adaptations using cognitive probing interviews 
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(see D3.2 for more details). Based on individual feedback, the surveys used by each partner 

organisation have been finalised. The version for LATRA as well as an additional version for the 

Orthodox Jewish learners of Bloomfield Science Museum Jerusalem have faced larger changes 

in comparison to the other version used.  

The first wave of the paper-based survey was rolled out from February to April 2019. A total of 

1,322 valid responses was collected and analysed.  

In order to ensure that partners are able to reach the same participants of wave 1 again for 

wave 2, an online-survey-replicate of the paper-based version was created in all the 14 needed 

languages. The paper survey was marginally adapted to mirror the online survey version and 

remained an equally valid instrument for data collection. Due to the outbreak of the COVID-19 

pandemic, the data collection for wave 2 was extended and lasted from February to June 2020. 

736 participants were reached for a second time, 146 additional responses from newly 

engaged learners were collected.  

 

 

 

 

 

 

 

 

 

 

 

The sampling strategy developed for the longitudinal survey (D3.1) was based on convenience 

sampling. Correspondingly, young learners aged between 9 and 20 years who participated in 

the informal learning offers of the involved 19 main and third parties were sampled to be part 

of the survey. While the usual visitor profile of the organisation was to be covered, additional 

emphasis was put on inviting learners with different gender-identities, migration experiences 

and age-groups to involve non-dominant groups in the research sample.  

The data collection resulted in a total of 1468 engaged unique participants and three different 

groups of survey respondents: 

(1) The longitudinal group was the main focus of data collection and encompasses 

respondents reached twice in wave 1 and wave 2 within the timeframe of one year 

 

 

 

 

 

 

 

1st draft of the 

paper survey 

Practice Partner 

feedback included  

Piloting survey 

(TCD) 
English source 

survey for wave 1 

Testing translated 

surveys (17 partners) 

 

Adapted translated 

surveys wave 1 

 

Replicate paper 

survey online for 

wave 2 

Adaptation of all 19 

paper versions for wave2 

Translate and adapt 

surveys to local needs 
(19 survey versions) 

Testing online 

survey version 

 
 

 

 

 

Roll out 

wave 1 

Roll out 

wave 2 

Analysis 

wave 1 

Final 

Analysis  

 

 

Figure 2 - ESM Process
 

 

Figure 3 - ESM Process
 

 

Figure 4 - ESM Process
 

 



 

 

13 

 

(n=736). Respondents of all partners, but Parque de las Ciencias are part of this 

sample.2 

 

(2) The group of respondents only reached in wave 1, who dropped out afterwards and 

were not reached again (n=586). No partner was able to re-engage all respondents a 

second time, the sample hence covers all practice partner institutions.  

 

(3) The group of respondents newly included in wave 2 (n=146). Only a few partners 

reached out to new participants in wave 2 to increase the overall number of data 

collected. 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.  

While D3.2 comprehensively elaborates on the findings of all three samples, this deliverable 

focuses exclusively on the longitudinal sample (total group size: n=736), which is shortly 

described in more detail.  

The longitudinal survey engaged learners of the complete age-range of 9 to 20 years targeted 

in the SySTEM 2020 project. After wave 2, most of our longitudinal respondents (64%, n=7333) 

are between 12 and 17 years old (mean age of 14.66, sd=2.91), whereas the youngest learners 

of 9 to 11 year olds and the oldest, nearly adult learners from age 18 to 214 are equally well 

represented (18% each). As can be seen in figure 2, female and male identified respondents 

are about equally distributed among all age-groups. At an aggregate level, girls and young 

women are slightly overrepresented in the sample (52%, n=733). Based on the scarce presence 

of nonbinary respondents, they are excluded from further gender-based analyses. 

 
2 Parque de las Ciencias reached out to different groups of young learners in the data collection waves. Therefore, 
the sample selected by Parque de las Ciencias differs from the samples selected by the other partners and does 
not allow for comparisons over time.  
 
3 The sample size n given in brackets refers to the total sample size the given percentage applies to. The maximum 
sample size of the longitudinal survey in this deliverable is 736, as 736 individuals participated in survey wave 1 and 
survey wave 2. Since not all of them answered every single question, the sample size for each question differs from 
the maximum.  
 
4 Some partners included 8-year olds and 20-year-olds in wave 1, who happened to be aged 9 and 21 in wave 2. 
Therefore, the survey covers an age range of 8 to 20 after wave 1 and 9 to 21 after wave 2. 
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About a third (35%, n=734) of our surveyed learners have made migration experiences themself 

or live in a family with migration history. 72% thereof also live in a home where multiple 

languages are spoken, at an aggregate level, this is the case for 33% of the surveyed learners.  

Only a small fraction of 4% (n=643) of the learners included in the longitudinal survey indicated 

facing serious difficulties with regard to hearing, speaking or moving. 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.  

The vast majority (96%, n=736) of the survey participants reached twice in wave 1 and wave 2 

is currently enrolled in an institution of formal education. A small share of 4% of the 

respondents is neither enrolled in any education nor training and hence can be considered 

being NEETs. Three quarters of our surveyed learners have at least finished with primary 

school, more than a quarter (28%) has finished lower secondary school, a fraction of 13% have 

already completed upper secondary education. 1% of our surveyed learners even indicated 

having tertiary education. Nearly half of the surveyed learners reached twice in wave 1 and 

wave 2 (48%, n=713) have already experienced working a job, be it a summer job (43%), an 

internship or a part time job (10%). 5% have already worked full-time.  

Most surveyed learners further directly live in cities (55%, n=708), only a small fraction of 

longitudinal participants indicated living in the countryside (11%). Within wave 1 and wave 2, 

18% of the learners moved across these levels. The majority of our survey respondents reached 

twice in wave 1 and wave 2 (73%, n=727) live in a two-parent household in wave 2. Most of the 

surveyed learners (70%) further live together with at least one sibling. For most learners (69%) 

these home constellations have not changed between wave 1 and 2.  

The family shapes the learners’ habitus and the educational capital they possess. Only a small 

fraction of 12% of the longitudinally surveyed learners stems from households with low 

educational capital. In contrast, more than a third (43%) of the engaged respondents live in 

families with high educational capital. 44% stem from medium educational strata. 
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Looking at the material living conditions of our surveyed learners, the large majority live in 

homes with access to ICTs, be it smartphones (100%, n=714), computers (96%, n=707) or TVs 

(95%, n= 715). Most learners (91%, n=656) indicated having at least one car at home, nearly 

three quarters (71%, n=695) have at least one music instrument at home. 

The Experience Sampling Method (ESM) is a time-sensitive survey, which was selected to 

capture participants’ momentary, episodic representations rather than global perceptions 

(which are investigated by the longitudinal survey). In the context of the SySTEM 2020 project, 

ESM was used to measure informal learning of workshop participations as well as dynamics in 

learning experiences and mood dependencies.  

The ESM proactively triggers the respondents at sampled points in time to answer specific 

questions (Berkel, Ferreira, & Kostakos, 2017). In the SySTEM 2020 project, the ESM process 

was set up to cover a period of four days including the day the surveyed learner is engaged in 

a STEAM workshop organised by a partner organisation. Workshops took place between M17 

(September 2019) and M20 (December 2019). 

Surveys had to be filled in two days prior to the participation, the day of the participation and 

the day after the participation were surveyed (see figure 4). During the four days young 

learners were asked to respond to short surveys, three times a day.  

 

 
 

3 surveys 

 

 

3 surveys 

 

1 survey 

 

1 survey 

 

 

3 surveys 
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The ESM process was designed by the ZSI SySTEM 2020 team. The English source surveys 

were set up and translated by the eight practice partners. Partners included the data collection 

instrument in a total of 18 different workshops run by AE (5 workshops), KI (2 workshops), CPN 

(5 workshops), SGD/TCD (1 workshop), WAAG (2 workshops), MUST (2 Workshops) and BSMJ 

(1 workshop)   

For the ESM, partners were asked to reach out to at least 15 and maximum 30 participants 

aged between 105 and 20 years, who had already participated in previous workshops. Ideally, 

learners, who had participated in wave 1 of the longitudinal survey, were engaged, in order to 

link both databases for more information on the learning ecologies and social background of 

the learners. Participants had to have access to a smartphone during the days, in order to fill 

in the ESM questionnaires in time. 

Further, partners were asked to choose a workshop which lasted at least three hours for the 

roll-out of the ESM and included an interactive part. The topic of the workshop was not 

predetermined but chosen by the partner organisations. 

The workshops took place between September 2019 and December 2019, each involving five 

to fifteen young learners. In total 159 young learners between age 9 and 20 were invited to 

answer the ESM-surveys in 17 different workshop settings. The majority (77%, n=122) filled in at 

least one of the surveys, 37 young learners did not respond to any text messages.  

ESM was rolled out in the context of the following workshops:  

AE Out of the Box  
(Ars Electronica Festival; 5 
timeslots) 

23 Participants of 
the festival age 
between 10 and 20 
years  

KI Digi-Garden! (2 timeslots) 18 Participants aged 
between13 and 15 
years of the 
longitudinal survey 

CPN A small scientific 
expedition! (5 groups) 

35 children aged 
between 10 and 12 
years 

SGD/TCD Plastic! 15 participants aged 

15 between 16; 

Contact made 

through a school 
class 

WAAG Scratch (Group 1) 
 
Makey Makey & Cardboard 
Automata (Group 2) 

17 learners 8 and 12 
years from less 
privileged 
neighbourhoods 

 
5 Whereas the SySTEM 2020 project includes 9 to 20 year olds as target group, the age group was slightly limited 
excluding 9 year olds for the ESM, to ensure its usability. Some partners also included younger age groups.  
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MUST Occhio all'invisibile 

(Look at the invisible) (2 
timeslots) 

36 participants 
between 14 and 17 
years  

BSMJ Tube Luminaries:  

DIY make workshop for 

creating lamps out of 

recycled cardboard tubes, 

electrical circuits, and 

light sources 

15 learners aged 

between 16 and 19 

years 

AE 03/09 - 11/09 5 23 74% 

KI 10/10 - 17/10 2 18 94% 

CPN 17/10 - 21/10 5 35 94% 

TCD/SG 10/11 - 14/11 1 15 87% 

WAAG 15/11 - 19/11 2 17 41% 

MUST 17/11 - 20/11 2 36 75% 

BSMJ 16/12 - 21/12 1 15 53% 

With an overall response rate of 77% young learners answering at least one survey, response 
rates are comparable to the ones reported in similar studies (Berkel, Ferreira, and Kostakos 

2017). Yet, our response rates significantly drop when looking at the number of young learners 

who completed all 12 surveys. On average young learners participating filled in 5 surveys 

(42%). Only 5% of all young learners – mainly engaged by CPN – filled in all surveys.6  

Results presented hereafter refer to the sample of 122 participants, who answered at least 

one survey. Most of them (27%) participated in a workshop offered by CPN and 22% 

participated in a workshop at MUST. Due to low response rates and a generally smaller sample 

especially young learners from Israel (BSMJ) and the Netherlands (WAAG) are 

underrepresented in the sample.7  

 
6 The participants as well as their parents were already strongly connected with CPN prior to their participation in 
the ESM. One facilitator reported that a child was given a new mobile phone in order to be able to participate in the 
ESM. This might explain their overall higher engagement.  
7 The number of total dropouts was highest with WAAG: 59% of the potential participants did not answer a single 
survey. The comparatively high dropout rate can be explained by the lower average age (10 to 11) of the learners 
and their belonging to less privileged neighbourhoods. Dropout rates were also high in BSMJ, where only 53% of 
those invited answered at least one of the questionnaires. At MUST and AE about one fourth of the young learners 
invited to participate in the ESM-survey did not respond to any questionnaire. At SGD/TCD 87% of those invited 
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88 of 122 participants filled in the registration form, providing information on their personal 

background.8 On this basis, we see that female-identified learners are slightly overrepresented 

in the sample, making up for 40% of all respondents (n=48). The number of male-identified 

learners in the sample is slightly lower with 32% (n=39). Most participants were aged between 

11 and 14 years (n=41) or 15 to 18 years (n=41). Only 2.5% of the participants were younger (nine 

to ten years) or older (nineteen to twenty-one years) than the average group of participants. 

Since the experience sampling method comprises 12 questionnaires in total, response rates 

vary according to the answer behaviour of participants. As participants indicated in the 

evaluation form, surveys sent in the morning (between 7:00 and 10:00 am) were especially 

hard to answer. This is also indicated by the comparatively low response rates, as illustrated in 

figure 5. On the first day in the morning about 28% of the participants answered to the survey. 

On the second day one forth answered the survey.  The motivation to participate in the survey 

rose with the workshop-day approaching: Response rates rose up to 43% on the afternoon of 

the day before the workshop. They were highest during the workshop (60%) and in general on 

the day of the workshop (between 47% and 60%), when the learners were explicitly reminded 

and motivated to participate in the survey.  

Figure 6 shows individual answer-patterns. In total, nearly 4 out of 10 engaged learners (38%) 

were responsive throughout the 4-day-ESM-period. Only 5% of the participants managed to 

answer all surveys, one third (33%) responded to at least one survey per day. About 13% of 

the young learners answered the questionnaires until the day of the workshop and stopped 

answering the day after. Another 11% of the participants only answered questionnaires on the 

workshop day, about 8% only started on the day of the workshop to take part in the evaluation 

process. 

Concerning the individual answer patterns, the results indicate that the motivation to answer 

all questionnaires is correlated with gender and interest in science, with girls being potentially 

more motivated to follow the whole process.  

Moreover, the data indicates that girls tend to take their participation in the ESM process more 

seriously, with 12% of the girls, but only 2.5% of boys who completed all surveys. Those 

participants who followed the whole evaluation process scored slightly higher when 

evaluating their interest in science (m=4.5, n=29) than the ones who answered only to the 

questionnaires sent out before the workshop (m=4.0, n=17). 

As the questions sent out in the morning differ from the ones sent out in the afternoon and 

evening, having only one or two surveys filled per day cause time series breaks. In general, 

survey specific dropout rates and related small group-sizes limit the possibilities for time series 
analyses. These limitations need to be considered when interpreting the results reported in 

Section 3 of the report. 

 
answered at least one questionnaire. Dropout rates were lowest at CPN and KI, with only one or two young learners 
who did not respond at all.  
8 Therefore, we are missing background information of 29% of the participants. 



 

 

19 

 

 

 

 

 

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 
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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 

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. Usability testing by young 

learners was mostly done by piloting the whole instrument process by one partner institution.  

Longitudinal Survey D3.2 ZSI M30 
Experience Sampling 

Method 
D6.2 ZSI M30 

Self-evaluation Tool D5.4 TCD M33 
Learning Portfolio D3.3 TCD M34 

Engagement Tracker D5.3 ZSI M34 

The methodology used for testing the usability the Experience Sampling Method is elaborated 

in more detail in the appendix of this deliverable (Section 7.1). The tool specific adaptions and 

applications are reported in the following section of this deliverable. 

In order to test the usability and comprehensibility of the surveys used in the ESM design, the 

ZSI team tested the German version of selected questions with five learners aged between 

nine and fourteen years, with male and female identified learners stemming from diverse 

socio-economic backgrounds using cognitive probing interviews. All of the five test-users 

visited a secondary modern school in Vienna.  
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Testers were asked to fill in the complete ESM-questionnaire. In addition, six questions were 

asked probing the comprehensibility and usability of the items and scales used, probing 

questions were formulated in advance.  

The answers given were documented and analysed afterwards. Based on the results of the 

cognitive probing interviews, questions of the English source surveys as well as the tested 

German translations were revisited and adapted where necessary. As the ESM is dealing with 

"science" and "scientific topics", it was crucial to know what these words mean to the target 

group. Moreover, the English word “science” has a slightly different and broader meaning than 

the German literal translation of "Wissenschaft". The probes therefore asked for the children’s 

understanding of "Wissenschaft". The young learners interviewed tended to have a narrow 

vision of science, translated as "Wissenschaft", mainly referring to natural sciences. The 

concept of “science” was clearer to learners from highly educated households and older 

respondents. For reasons of comparability with other translated ESM surveys and the LS, which 

equally used this German translation, the literal translation of "Wissenschaft" was used. 

Additionally, the first roll-out of the instrument was used for piloting the surveys and the whole 

process in action. In cooperation with Ars Electronica and its festival “Out of the box” in 

September 2019, Ars Electronica organised five workshops in total, reaching out to 23 young 

learners of different age groups. Ars Electronica contacted participants who had already taken 

part in the longitudinal survey and young learners they had been in touch with, asking them to 

answer the ESM-surveys and to give feedback on the process of implementation. 

During this first roll-out, each learner received three text messages with pseudonymised and 

scheduled survey links on five consecutive days, with the third day coinciding with the 

workshop. Learners had to pre-register and were personally informed on the process and 

signed a consent form.9 

After piloting the ESM-tool, two involved facilitators of AE were interviewed using semi-

structured interviews, investigating the process, as well as tapping the feedback of 

participants and the participants’ parents and guardians. These interviews were documented 

and analysed from a usability-centred perspective. The guidelines ware later used also for 

usability testing with other partners, delivering three more interviews with facilitators.  

Additionally, all 23 participants, who received questionnaires during this pilot phase of ESM 

were sent a final quantitative evaluation survey to report on their understanding and 

experience of the ESM process.  

The evaluation survey answered by young learners was used during the whole process, 

allowing for an evaluation of the perception of the ESM across countries. In total, 14% of the 

respondents who answered the evaluation survey (n=61) reported that they did not feel well 

prepared before participating in the ESM.  

During the evaluation participating young learners were asked whether they understood the 

process and the purpose of the ESM in advance and, related to this, whether they felt well 

 
9 Since learners, who participated in the longitudinal survey were sampled to participate in the ESM, the ESM 
process was included as a voluntary add-on in the consent sheet signed by learners (and in case of minors: a 
learners’ parent). The consent process is described in more detail in D3.1 and D3.2.  
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prepared. As the results show, this corresponds to the feeling to a lack of information on the 

ESM process: Out of those who answered that they did not know in advance, they would 

receive 14 questionnaires in total, 20% did not feel well prepared for participating in the ESM.  

 

In addition, the evaluation results show that less than half of the respondents (48%) felt certain 

about using the link in the text messages when they received the first one (Figure 8).  
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Respondents who were not certain how to deal with the text messages had an average age of 

12 years, whereas those, who were rather certain how to respond to the text messages they 

received had an average age of 15 years. Hence, especially younger participants felt rather 

uncertain and would have needed more guidance.  

These results underline how important it is to explain the process of the ESM to the participant 

in detail. In general, the main results of the user experience and the feedback of the facilitators 

were:  

(1) We need a sender-name of the text message which clearly communicates the link to the 
SySTEM 2020 project 

Several Participants reported that when first receiving the text messages including the survey 

link, they did not recognise the message as belonging to the SySTEM  2020 project and the 

ESM process. Hence, participants did not open it.  

(2) Parents and guardians need to be aware that each participant needs to have access to an 

own smartphone during the whole day.   

• Not all participants of the workshop need to take part in the ESM-data collection 

Younger participants often did not have their own smartphone. Even though participants and 

parents and guardians were informed about the necessity that the learner needs to answer the 

survey in a given time-slot, several parental phone numbers were registered for the ESM 

distribution so that their kids can participate in the workshop. 

Young learners without access to their own smartphones, were not able to adequately 

contribute to the data collection. Some parents and guardians answered questionnaires for 

their child, choosing the answers they perceived most adequate, since the timeframe of the 

time-sensitive survey was too short to ask the child themself. Also, these datasets were not 

usable for data exploration and henceforth excluded.  

• Reduce the total number of text messages send 

Participants and their parents and guardians reported that they received too many text 

messages per day and opted for a shorter ESM process.  

(3) Using smartphones can be a challenge for equity  

Ars Electronica reported that the whole process of data-collection, involving smartphones and 

a link to a short online-micro-surveys which had to be answered in a given time frame, was too 

complex for younger children and especially for children with learning difficulties. These 

participants were irritated by the text-messaged in general, questioning the usability and 

inclusivity of the evaluation tool.  

Based on the feedback collected during the pilot at Ars Electronica the following adaptations 

were made to the ESM-data-collection process:  

The ESM process was reduced from the initially tested five-day period to four consecutively 

surveyed days (2 pre-, 1 during, 1 post, as visualised in figure 4). This four day-period was 

considered the minimum to learn about a potential influence of the workshop on science 

attitudes, but also the effects of other factors such as time and the mood of the surveyed 
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learners. The number of text-messages per day, however, was not reduced, in order to keep 

the ESM specific strengths in the research design.  

While all text-messages were prepared and sent by the ZSI team to the participating learners, 

partners were asked to choose the sender’s name of the text messages in order to clearly 

visualize the connection to the SySTEM 2020 project and the science centres involved. Some 

practice partners choose the name of their organisation (Must, CPN, KI, MUST), others the 

name of the project SySTEM 2020 (TCD/SG, WAAG, BSMJ).  

In addition, the guidelines for the implementation of the ESM process were reworked, explicitly 

outlining the need for participants to have access to individual smartphones during the whole 

implementation process and emphasising that the participant’s telephone number is needed, 

not the one of their parents and guardians. 

The roll-out of the ESM data collection showed that the process and the requirements for 

participating (having a smartphone) are quite demanding. First, only a limited number of 

younger learners has permanent access to a smartphone. Second, children are not used to 

use smartphones the way adults or juveniles do. As the feedback questionnaires show 

juveniles had considerably less problems in answering the surveys and understanding the 

process of the ESM evaluation. Third, children are not allowed use their smartphones at all 
times due to parental or institutional regulations. Being in school might hinder them from 

taking part in the evaluation. Hence, it was difficult for the learners to respond to the surveys 

within the given time span, impacting the possibilities of the analyses. Without continuous 

data, the evaluation of inter-personal changes in science attitudes depending on mood and 

time is limited. 

The following section gives a short overview of the development, design and application of 

the Learning Portfolios. Further detail will be provided in D3.3 Production of Learning 

Portfolios. Following the instrument description, the recruitment process and sample of 

learners who used the tool are described.  

The learning portfolio tool is designed to support learners’ own ability to respond to and reflect 

on their non-formal STEAM learning experiences. The tool takes the form of a zine which is 

typically a small, handmade booklet filled with collage, writing, drawing, and annotation. When 
used in formal learning spaces, zines have been found “to cultivate a questioning relationship 

to [learners’] own knowledge and to dominant modes of knowledge dissemination” (Rallin and 

Barnard, 2008). The medium positions learners not as consumers of knowledge, but as critics, 

creators, and crucially, experts in their own communities of knowledge (Yang 2010; Desyllas 

and Sinclair 2014).  

Since learning portfolios are an in-depth qualitative evaluation tool, practice partners were 

suggested to implement them as part of multi-day educational programmes rather than one-

off workshops or events. Science Gallery Dublin developed and trialled the learning portfolio 

method as part of a 5-day programme for students aged 14 to 15. Both LATRA and KI, who 

adopted the Learning Portfolio tool and produced zines to analyse as part of this deliverable, 
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also tied their zine-making to 5-day education programmes. The process of using the learning 

portfolio tool within the SySTEM 2020 project was standardised through the use of a 

Facilitator’s Guide written by SGD/TCD, which guided the practice partners who adopted this 

tool (SGD/TCD, LATRA, KI) through the process of planning and implementation.  

According with the instructions in the guide, on each day of the multi-day educational 

workshop or programme, participants were given 30-40 minutes for reflective zine-making. 

This took place towards the end of the day, such that experiences from that day could be 

reflected within the zine. On the first day of the learning portfolio approach, learners were 

guided through an introduction to zines which briefly explained what they are, their history 

and their role in popular culture. Following this, the group was led through folding (or binding) 

their own individual zines by facilitators, which produces one A7 or A6 booklet. These booklets 

were then used by learners as the canvas for their learning portfolio, in which they reflected 

on their experience of non-formal learning. Learners were encouraged to use the 30—40 

minutes to fill the zine with their own thoughts and reflections using imagery, language, 

collage, drawing, or any other method that interested or engaged them. 

To support learners’ reflection within their zines, four prompts were provided. These are listed 

below: 

• Day 1:  What do you wish people knew about X? 

• Day 2:  Does this relate to anything you have learned in school? If so, how? 

• Day 3:  How does X impact society? 

• Day 4: What about this week’s workshops has surprised you the most? 

• Day 5: Make any final edits to your zine and get ready to share with the group 

(optional). 

Since in each institution the topic of the workshop or programme differed, we encouraged 

each institution to replace X with a word or phrase that reflected the content being covered 

throughout the week. 

Within the Facilitators’ Guide, we also provided advice about how to set up the room and 

facilitate the tool's use. This included grouping participants on shared tables, with a shared 

source of materials (including scrap paper, pens, pencils, decorations etc.) in the centre of the 

room. LATRA augmented this material supply as their learners wanted to be able to create 

some aspects of their zine on computers and stick them in. The advice for such modifications 

was to embrace what learners showed interest in trialling. 

It was initially planned that each practice partner would implement the Learning Portfolio 

technique producing a total of ~120 zines. This was disrupted by the coronavirus pandemic 

since many non-formal learning institutions were closed and unable to run workshops for 

several months. 

To date, we have a sample of n=43 zines, from 43 learners, for analysis in this deliverable. 

These learners come from workshops that took place prior to the lockdown in Ireland, and 

from workshops that were able to reopen following widespread restrictions in Greece and 

Slovenia. They are broken down as follows: Science Gallery Dublin (n=10, March 2020), 
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Kersnikova (n=23, July & August 2020) and LATRA (n=10, September 2020). In the analysis in 

Section 3.2.1, the participants at Kersnikova are split into two cohorts – to reflect the fact that 

each group took place at a different time and focussed on a separate topic. These are referred 

to as Kersnikova 1 and Kersnikova 2. 

The demographics of each of these groups were briefly described on a cohort level, as shown 

below in table 4.  

SGD/TCD n=10 The sample is a selection of completed zines from 
a gender balanced cohort of 18 learners. The 
programme was free, and 8 of the learners 
attended DEIS schools (Delivering Equality of 
opportunity In Schools -schools that are 
designated as serving children from 
disadvantaged communities). The topic explored 
was ‘plastic’. 

KI n=12 Group of 10 male and 2 female learners aged 11-14 
covering the topic of robotics and collaboration. 
The zine workshops were part of a summer camp 
with a registration fee, though 2 learners took 
part for free using SySTEM 2020 funding. 

KI n=11 Group of 3 females and 8 males, aged 10-15 
covering the topic of ‘failing better’. The zine 
workshops were part of a summer camp with a 
registration fee, though 2 learners took part for 
free using SySTEM 2020 funding. 

LATRA n=10 Group of 6 female and 4 male learners, aged 16 to 
18. They all took part in a free non-formal learning 
programme within a refugee camp in Lesvos and 
focussed on the topic of Sustainable 
Development Goals: ‘European Values’. Two of 
the learners cannot read or write and do not 
attend school. Their countries of origin are Syria, 
Afghanistan, Iran, Iraq, Somalia and the 
Democratic Republic of Congo. 

In terms of the entire aggregate sample (n=43), with male-identified learners representing 

nearly two-thirds (65%) of learning portfolio creators, the remaining third (35%) identified as 

female. The majority of learners (95%) are enrolled in school, two participants do not attend 

school and have neither reading nor writing skills. The age of participants ranges from 10 to 18 

years, (mean age= 13.42, sd=2.33). Participants’ learning took place in one of three 

geographical locations in Europe, whereas learners themselves represent at least eight 

different nationalities. 
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This section explores how these young learners have approached and experienced STEAM 

outside of the classroom. Building on the common evaluation framework defined in D6.1 and 

D6.3, the following chapter will summarise the specific findings of the longitudinal survey, the 

ESM and the learning portfolios with attention to the various scopes in which learning can 

occur, the socio-demographic, time-space-related and social factors influencing individual 

STEAM learning ecologies, which in turn potentially shape the learners’ experience.  

Educational research reveals a variety of concepts to empirically measure science learning, 

with most of them relating to one of the three interrelated dimensions of cognitive, behavioural 

and emotional learning process:  

• A behavioural process, referring to active engagement in science related activities and 

habitualised ways of learning, such as for example resources consulted in order to get 

more information about something (Falk et al. 2016).  

 

• An emotional process, referring to changes in thoughts and feelings during and as a 

result of learning. They are strongly related to behavioural learning processes, as 

children engage in activities they are interested in and feel connected to, this link is 

particularly important in the context of self-directed and engagement driven learning 

in the context of informal learning environments (Barron 2006) 

 

• A cognitive process, ranges from simply rehearsing knowledge to strive for a deeper 

understanding to contextualization of that knowledge (Fredricks, Blumenfeld, and Paris 

2004). As content, learning goals and standards are not defined in informal learning 

environments, this dimension was operationalised by focussing on the subjective 

impressions of the learners. 

Therefore, the SySTEM 2020 project assesses learning as a socially embedded cognitive, 

behavioural, and emotional process (see D2.1 Conceptual Framework and D6.3 Interim 

Evaluation Report for more details). Cognitive learning processes are considered to result from 

experiences made in different learning contexts (behavioural process) and are influenced by 

the way people feel about these experiences (emotional process).  

The following section uses the results of the longitudinal survey, the experience sampling 

method and the learning portfolios to investigate the question ‘How do emotional learning, 

cognitive learning and behavioural learning experiences influence learners’ engagement with 

science activities?’  



 

 

28 

 

The longitudinal survey investigates dimensions of emotional and behavioural learning.  

 

Following Falk and colleagues (2016) survey participants were asked about the frequency of 

their engagement in a set of 19 science related activities. The understanding of science 

operationalized in these activities covers a broad range of potential moments of learning, 

including going to museums, public libraries, cooking, reading, watching videos about 

science, 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 surveyed learners are also 

highly motivated to do so - 98% indicate that they motivate themselves to engage in this kind 

of activities. In addition, the majority (83%) state that they are part of at least one 

institutionalised group that facilitates an activity broadly related to science, such as a sports 

club, a choir or a scout troop. We can thus conclude that our surveyed learners regularly 

engage in a range of activities which potentially foster in- or non-formal science learning in a 

broad sense. 

In order to look more specifically at activities which might foster specific dimensions of 

science learning, a Principal Component Analysis (PCA) was conducted to discover 

multidimensional latent factors, reducing the dimensionality of selected items by identifying 

those dimensions that capture most of its variability between the items included conducted 

with wave 1 data of the survey. As a result of this obliquely rotated PCA (see D3.2 for details), 

three dimensions were identified, the underlying survey items were summarised in three 

mean-based indices (ranging from 0, the lowest score indicating no engagement to 4 

indicating highly regular engagement):  

Emotional Science attitudes and (non-)identification with science 

operationalised as two multidimensional indices   

Behavioural Frequency of the learners’ engagement in broadly 

science related activities, being part of an 

institutionalised setting potentially facilitating science 

learning, engagement in specific dimensions of 

science learning (self-directed science learning in a 

narrow sense, art-centred science learning, team-sport 

based science learning) 
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• self-directed science learning in a narrow sense (encompassing activities such as 

watching science videos at home or doing science experiments at home, Cronbach α= 

0.65) 

• art-based science learning (encompassing activities such as learning or playing a music 

instrument, singing in a choir or playing drama, Cronbach α=0.64) 

• team-sport based science learning (encompassing activities such as being part of a 

sports team, Cronbach α=0.52) 

About a quarter (23%, n=735) of the learners participating in wave 1 and wave 2 indicate that 

they engage in self-directed science learning activities in a narrow sense at least on a weekly 

basis (a score of 3 or 4 on the index). Only 7% of the learners say they hardly ever do so (scoring 

0 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 activities. This effect is highly significant 

(mm=1.91, mf=1.54, p<0.001, r=0.22)10, already exacerbates at a young age (mm<12=1.47, 

mf<12=2.02, p<0.05, r=0.31) and persists at the level of teenagers (mm>12=1.89, mf>12=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). These gender differences are further 

mediated with a learner’s educational capital: male-identified learners from highly educated 

backgrounds are – on average – most likely to engage in self-directed science learning (mm-

high=2.12, sd=0.41).  

Nearly one third (32%, n=735) of our longitudinally surveyed learners engage at least weekly in 

art-centred activities such as playing a music instrument or singing in a choir, which can also 

foster informal science learning. 16% indicated hardly ever doing so. Female-identified 

learners are more likely to regularly engage in this kind of science learning, whereas gender-

differences decreased between wave 1 and wave 2, as more male-identified learners engaged 

in art-based science learning (mf-w2=1.93, mm-w2=1.57, p<0.001, rw2=0.17). Gender differences, 

however, strongly exacerbate with educational strata. 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-low=1.11). While in wave 1 data, no significant 
differences by age were identifiable, younger learners of wave 2 on average engage more 

frequently in singing, dancing or acting (m8-11=1.99, m12-14=1.85) than young adults (m18-21=1.46, 

p9-11&18-21<0.001, r=0.25, p12-14&18-21<0.01, r=0.19). 

As far as science learning by engaging in team-sports is concerned (mean value index, from 0 

to 4), less than half (41%, nlong=735) of the longitudinal participants engage in team sport on a 

weekly basis. 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). Nevertheless, the gender-identity 

of the learners seems to be a main structuring variable, with male-identified learners (mm=2.04) 
being more likely to engage in team sports on a regular basis than female learners (mf=1.56, 

p<0.001, r=0.18). Again, gender-differences pronounce with educational capital, the largest 

effects can be found amongst girls (mf-low= 1.26) and boys from low educational strata (mm-

 
10 The results are derived from robust comparisons of means, whereas levels of significance have been Bonferroni 
corrected. The tables of results are discussed in more detail in D3.2 and can also be found in the Annex of the 
deliverable at hand. 
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low=2.05, p<0.05, r=0.34), girls from low educational strata and boys from highly educated 

households (mm-high=2.12, p<0.001, r=0.32) 

The behavioural engagement in science learning is hence found to be shaped by a learner’s 

age, gender-identity and educational capital. Accordingly, also the emotional engagement in 

science differs between the learners. Corresponding multidimensional, empirical concepts 

operationalised in the survey were identified using a PCA. Two dimensions related to cognitive 

engagement were identified, related items were summarised using mean-based indices 

(ranging from 1 (strongest disagreement) to 5 (strongest agreement)): 

• Non-Identification with science (encompassing items such as ‘Science is not for me’, 

‘Other people of my age find it easier to learn science topics than I do’ and ‘My way of 

thinking and learning makes it hard to understand science, Cronbach α=0.59) 

•  Positive science attitude (encompassing items tapping science interest, enjoyment as 

well as connecting science with their everyday life, Cronbach α=86). 

More than half of the longitudinally surveyed learners (56%, n=724) (strongly) distance 

themselves from a negative science identity. 15% do not see science as part of their identity, 

29% on average remain undecided on this matter. The formation of a negative science attitude 

does not significantly vary with time nor age. In line with findings of Archer and colleagues 

(2012), the likelihood of non-identifying with science, however, varies with the educational 

capital of the learner, with the largest effect between learners from low educational capital 

backgrounds (mlow =3.13) and respondents from highly educated families (mlow=3.93m, p<0.01, 

r=0.26). These differences by educational strata exacerbate with gender, boys from highly 

educated backgrounds are the least likely to dis-identify with science (mm-high=3.9, sd=0.37). 

A quarter of our respondents (25%, n=728) exhibit a strongly positive science attitude. In total, 

70% of the longitudinal sample, but merely a quarter (24%) of the pooled sample indicates a 

positive connection with science. 23% of the longitudinal sample on average neither agree nor 

disagree to these positively framed statements, 7%, however, strongly distance themselves 

from a positive science attitude. 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). 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) 11. Enjoying science lessons in school increases the probability of generally having a 

positive attitude towards science (AME = 0.10, OR=2.66). Learners, who perceive themselves 

as performing good at school, are more likely to exhibit a positive science attitude (AME=0.04, 

OR=1.40). The educational capital of the learner also 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 (mhigh= 3.93). The higher the science importance at home, the higher is the 

probability of having a positive science attitude (b= 0.58, p<.001, AME = 0.06, OR=1.78). In case 

the learners’ friends do like science, 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).  

 
11 These are the results of a stepwise logistic regression model, explaining the probability of developing a highly 
positive science attitude with R2

CS =0.39. The model is described in detail in D3.2 and – for reference - attached in 
the Annex of this deliverable.  
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By collecting data on science interest, science attitudes and the frequency children and 

juveniles engage in science related activities on  4 consecutively surveyed days, the ESM 

provides information on the influence of time and emotions on the development of learning 
ecologies and learning attitudes. The ESM further evaluates how young learners felt during the 

surveyed workshops. In addition, the ESM informs about certain aspects of cognitive learning, 

which were operationalised by focusing on the subjective impressions of learners who 

indicated they had learned something new during a surveyed day.  

 

 

As a time-sensitive survey, the ESM measures the learners’ engagement in everyday 

activities. Related questions were included in the evening surveys, which were answered by 

about 76% of the young learners. 12 

The most common activity all young learners were engaged in was doing homework (90%). 

Besides homework (which seemed to be a necessity), the most frequently reported activities 

are meeting with friends (86%), watching TV or listening to music (86%), doing chores or 

errands (85%) and sports (74%). More than half of the participants also reported that they were 

following science related activities (not including the workshop day) and 55% engaged in after 

school activities.  

On an average day, calculated as the mean time spent on the reported activities during the 

three days, young learners spent most of their afternoon-time doing homework (1.3 hours), 

hanging out with friends (1.2 hours) or watching TV and listening to music (0.9 hours). Sports 

activities (0.9 hours) and chores or errands (0.7 hours) also took some time. Participants spent 

less time with after-school activities (0.6 hours), science related events and activities (0.5 

hours) or shopping (0.4hours). Other activities reported were painting, playing video games, 

chess and outdoor activities without friends, working and sleeping.  

In general, those young learners spending a lot of time on other activities, including 

homework, watching TV, and hanging out with friends, also tend to spend more time on 

 
12 68 participants answered the questionnaire sent out the evenings before the workshop and 58 answered the 

questions sent out after the workshop (n=122).  

Emotional learners’ science attitudes (fascination and excitement) 

in a time-sensitive manner 

Cognitive self-reported acquisition of new knowledge and 

contacted sources of information  

Behavioural learners’ engagement in everyday activities in a time-

sensitive manner 
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science related activities. In this context we can see a high influence of age, with a general 

stronger engagement of younger learners with all sorts of activities.  

Science attitudes Each morning before and after the workshop young learners were asked 

how they feel when they think about science (36% answered at least to one of them, only 23% 

answered all of them). The ESM therefore uses two dimensions, which are also operationalised 

in the longitudinal survey: fascination and excitement, ranking from 1 (not excited/fascinated) 

to 5 (very excited/fascinated). As both scales show a slightly different variation, with science 

excitement scoring lower than fascination for science, the results for both scales are discussed 

separately instead of summarising them on one scale.  

Measured on these two dimensions, participants of the ESM exhibit highly positive science 

attitudes with an overall average score of 4.1 reporting to be excited when thinking about 

science (n=54) and 4.5 reporting to be fascinated (n=76). Investigating the science attitudes of 

those who answered all four questionnaires, we can see that their attitudes towards science 

did not change significantly over time.13  

Investigating the answers of all participants we can see that on average young learners 

reported to feel most excited when thinking about science the day after they had participated 

in the workshop. Given the small number of respondents, who provided for the necessary 
consecutive answers, this finding might correspond to an effect of positive self-selection of 

learners, who were still motivated to participate in the ESM after the workshop had taken place. 

Since most responses were collected on the workshop-day, the highest variances of science 

excitement between participants can be observed on this day.  

  

mean (m) 4.27 4.18 4.17 4.38 

standard 

deviation (sd) 

0.82 0.82 1.00 0.66 

group size (n) 44 44 95 64 

Science interest and its development were measured in three different ways, using the 
instrument of the ESM. First, participants were asked whether they had learned about science 

related things that fascinated them during their day (in school and their free time). Second, 

participants were asked (twice) prior to the workshop whether they are interested in a specific 

science-related topic. Third, participants were asked whether and how they planned to follow 

up on these topics. The same questions were asked in relation to the topics they dealt with in 

school.  

 
13 A repeated measures ANOVA with a Greenhouse-Geisser correction was used. It determined that mean levels of 
excitement showed no statistically significant difference between measurements, F(1.80, 55.6) = 1.8, p= 0.2, partial 
η² = 0.07.The same tendencies are observed regarding the survey answers on fascination for science.   
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In total 37% of the young learners, who answered one of the questionnaires sent out in the 

evening or the afternoon before or after the workshop (n=90), reported, that they had learned 

about science related things that fascinated them in their free time.   

A similar share of 38% reported that they had learned about science topics that fascinated 

them in school. Those who refer positively to learning in school also tend to follow up on these 

topics more frequently: 59% report that they frequently investigate interesting topics they 

learned about in school.14 In contrast, only few young learners (21%) interested in a specific 

topic said that they often follow up on these topics in their free time. Most of them answered 

that they do so occasionally (44%), rarely or never (35%).  

Asked, for the source of the newly learned idea outside of the classroom, learners mostly 

referred to the internet (20%). 14% referred to having read about these in books, 11% reported 

that they had learned about science related things that fascinated them when talking to their 

friends. An even lower number (4%) refers to family members as source of science related 

information or after school activities. This indicates that young learners perceive science 

learning mainly as a self-directed activity, looking up relevant information on the internet or 

searching for it in books. 

 

 

The question where young learners get information on science related topics in their free time 

related to the question how they tend to follow up on them: the most frequently reported 

follow up happens again using the internet (79%). About one fourth (26%) follows up on topic-

related information using books or speaking with friends (26%). 24% do so in school and 19% 

speak with family members. A low percentage of about 3% engages in after-school activities 

to follow up on science topics they are interested in. 

On the workshop day 81% of the participants reported that they plan to follow up on the topics 

they had dealt with. Following the engagement in a workshop, more participants - 41% (day 4) 

instead of 34% (day 1) -  indicated that they had learned about interesting science related 

 
14 28% answered doing so occasionally and 11% who said they rarely or never follow up on these topics. 

Internet Books talking with friends talking with family after school
activities
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topics the day after the workshop, possibly indicating a small change in the awareness of 

young learners for their capacities of science learning and situations in which they learn about 

science related topics. The percentage on the day of the workshop is understandably much 

higher - 81% - as learners have been engaging in STEAM related activities during the workshop. 

Most participants, who reported to have learned about science related topics that fascinated 

them in the workshop, indicated that the information they had received meant a lot to them 

(76%) and that they felt excited 58% about the information they had acquired.  

The science topics young learners are most interested in are medicine, genetics and neurology 

(n=5 each), astronomy (n=4), biology (n=3) and chemistry (n=2), as well as physics and 

engineering (n=2). This shows that young learners have a rather narrow concept of science. 

These science topics correspond to the ones young learners are most interested in at school. 

Besides the themes already listed, they also named geography as one of their favourite 

subjects. These findings indicate that formal, informal and non-formal learning events seem to 

be an important source for young learners to get in touch with scientific topics they might be 

interested in and to follow up on (see also Section 3.2.1).  

 

Young learners with a specific science interest also report a significantly more positive science 

attitude (measured on a scale from 1-very bored/very afraid to 5-veryfacinated/very excited), 

indicating a strong relation between both concepts.  

specific interest  (n=32) no specific interest
(n=20)

specific  interest
(n=32)

no specific interest
(n=20)

fascinated excited

ic
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As already described in D6.3, within the Learning Portfolio analysis, we used an additional 

framework to explore the scope of learners’ engagement with STEAM activities: Ryan & Ryan’s 

4R framework (Ryan and Ryan 2015) which explores engagement in terms of 4 ‘levels’; 
Reporting and Responding, Relating, Reasoning, Reconstructing. Thus, in order to answer the 

question ‘How do emotional learning, cognitive learning and behavioural learning experiences 

influence learners’ engagement with STEAM activities?’, we use Ryan and Ryan’s 4 ‘levels’ as 

an indicator of ‘engagement’, and explore how examples of emotional, behavioural or 

cognitive learning correlate with each level. 

The 4R framework as applied to SySTEM 2020 is a slight adaptation from its application in 

formal learning environments. Within the context of the learning portfolio tool, we do not see 

any of Ryan and Ryan’s ‘levels’ as superior or favourable. The nature of the open-ended 

learning portfolio zine reflection tool is that it is open to learners to reflect in a way that suits 

their needs. In facilitating the activity, the prompts are introduced as ‘helpful’ but not 

obligatory questions. Therefore, what is expressed (and analysed) in the zines is just an 

indication of the learners’ engagement. From analysing this, we can infer understanding of 

their experience in a series of workshops or programmes, but of course this is influenced by 

the learners’ choices in creating their zine. For example, a learner might prefer to document 

the week in a way that reports and responds but leave out their reasoning or reconstruction to 

conversations with facilitators or peers. Thus, the level of reflection we recognise in learners 

speaks about the tool itself as well as the learning activities it describes, and the personal 

choices of the learners who describe them. Below is the framework as adapted from Ryan & 

Ryan (2015). 

Reporting & Responding Describing an incident or experience and its 
effect on the learner.  

Relating Drawing a relationship between the 
experience with other knowledge or 
experiences.  

Reasoning Considering broader factors related to the 
incident or experience - social, political, 
environmental, ethical. 

Reconstructing  Developing a plan, hypothesis, or wish for 
the future.  

Through applying the 4Rs principles to our sample of 43 young learners, examples of 

engagement and reflection from learners at each ‘level’, from each cohort, is evident. An 

overview of this distribution can be seen below in figure 11, whereby the number of zines 

increases from those exhibiting Reporting & Responding, to Relating, and then progressively 

decreases for ‘higher levels’ of engagement Reasoning and Reconstructing.  
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Reporting & Responding, is the ‘simplest form’ of reflection according to Ryan & Ryan (2015), 
describing an incident or experience and its effect on the learner. We might expect this to be 

the most numerous in examples yet is actually slightly lower than the number of examples that 

demonstrate Relating. This could be explained by the nature of non-formal and zine-led 

learning, which might sway learners away from typical ‘reporting’ approaches towards more 

personalised and creative ways of reflecting. As shown in the cohort analysis in Section 3.2.1, 

the overall result is also likely to have been somewhat biased by the particularly high and low 

numbers of Relating and Reporting & Responding respectively in the sample provided by 

LATRA. Examples of Reporting and Responding in the overall sample include: 

• “One day I went to Kersnikova and I learned to collaborate” 
• “[there are] 6.3 billion tons of plastic waste” 
• “Day 1: we got to know each other at the start and then made models with Lego” 

Relating, i.e. drawing a relationship between the experience with other knowledge or 

experiences, was demonstrated by more learners than any other ‘level’. With 32 individual 

zines (74% of total zines) showing learners drawing relationships between their non-formal 

learning and other knowledge and/or experience. This is perhaps surprising since Ryan and 

Ryan, would class it as a level ‘higher’ than Reporting and Responding. 

• [about a workshop that explores collaboration in robotics] “You collaborate when you 
hang out with someone”  

• “But like bacteria, not all plastic is evil” 
• “the LED light without the battery does not light up. It is similar with humans” 

We see fewer examples of Reasoning, i.e. considering broader factors related to the incident 

or experience.  44% of all learners (19 out of n=43) demonstrated reasoning in their zines. The 

quotes below demonstrate three of the 19 examples of reasoning from learners:   

• “I feel strongly that plastic is bad for the environment and it’s making landfills bigger” 
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• “Plastic – good – helps create jobs etc” 

• “It’s hard to make a robot, connect, make a housing, find the right program ... There’s 

a lot to adapt. We all had to connect, so we had to change our desires. Making a robot 

+ connecting with others = a bunch of hard work” 

Finally, the fewest learners (16%) demonstrated Reconstructing, which can be described as 

developing a plan, hypothesis or wish for the future. Considered by Ryan and Ryan as the 

highest level of reflection, this might be exhibited in learners who have taken the most from 

the experience and chosen to communicate this in their zine. Quotes which we consider to 

exemplify reconstruction include: 

• “I hope European politicians work hard to inform their people about European values 

so that more people would have sympathy towards refugees” 

• “[I wish] that people were more careful with their plastic” 

Having demonstrated examples within each ‘level’ of each form of reflection (indicative, for 

our purposes of different levels of engagement), we will now move on to explore our findings 

in terms of emotional, cognitive and behavioural learning. The following framework was used 

to identify the presence of each of these scopes of learning in the sample of zines. 

Emotional Evidence of enjoyment, sadness, shock, surprise or 

other feelings, in response to the topic or activity.   

Cognitive Evidence of new knowledge or new comprehension of 

knowledge. 

Behavioural Evidence of respondent’s reflection on experiential 

learning, or the possibility of future behavioural 

change. 

The findings in terms of emotional, cognitive and behavioural learning support the findings 

from the ESM and LS that these forms of learning are highly interlinked. A similar number of 

examples of each type of learning processes are measured across all zines (cognitive = 23, 

emotional = 21, behavioural = 22). 

Examples of each category were plentiful, in order to give a more concrete idea, one of each 

has been listed below:  

Emotional: “Highlight of the week was the drama workshop becayse [sic] everyone was just 

having fun. made me feel comfortable about sharing ideas and expressing myself” 

Cognitive (typically represented by reciting of facts): ‘6.3 billion tons of plastic waste” “300 

million tons of plastic produced per year”  
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Behavioural: “everyone makes a little robot and in the end they all come together and make 

something stunning” 

In general, it is evident that all forms of (emotional, cognitive and behavioural) learning are 

linked to learners exhibiting one or more type of reflection within the 4R framework. There are 

clear examples of how cognitive processes – learning a new fact - lead to an emotional 

response, and therefore provide evidence of reflection and engagement.  

For example, at Science Gallery Dublin, one learner wrote “the impact of plastic on society is 

revolutionary” Next to this, a character is drawn with a sad face, and the speech bubble “Still 

bad though”. Similarly, at Kersnikova, a learner shows that they can relate their cognitive 

learning to make predictions, and label these as ‘good’ or ‘bad’– demonstrating how reflection, 

engagement and the three learning processes are all interlinked. “the good side - robots affect 

humanity by helping them and making their lives easier, work... / robotic rocket / smashing/. 

The bad side: that they will make killing robots during wars” 

However, to move beyond evidence in individual zines and to understand whether there is a 

more general relationship between emotional, cognitive and behavioural learning processes 

and levels of engagement/reflection, additive indices were used. Each zine was assigned a 

‘score’ for Reflection/Engagement (based on the 4Rs) and a ‘score’ for Emotional, Cognitive 
and Behavioural learning. These scores were calculated on a binary basis, whereby a zine 

received 1 for displaying any of the above characteristics, these were then summed to two 

indices, an overall Scope of learning score (max=3 for covering all dimensions) and an overall 

4R-score (max=4, for covering all ‘levels’).  

We found that a higher score for cognitive, emotional and behavioural learning is associated 

with a higher score for reflection and engagement, the correlation coefficient for this 

relationship is r=0.54. Albeit a higher number of zine samples would allow more rigorous 

testing of this relationship, these initial findings could indicate that learning programmes 

which utilise all of the three emotional, cognitive and behavioural processes , are more likely 

to result in deeper reflection and engagement from learners. However, other factors are likely 

to play a part in this relationship; for example, the high correlation could be biased by learners 

who write more in their zines, which might increase the likelihood of displaying evidence of 

both the 4Rs and the three scopes of learning.  

Based on the definition put forward by Bronwyn Bevan (2016, 3) learning ecologies are 

conceived as the specific “physical settings, social interactions, value systems, and histories” 

in which learning takes place over time. In contrast to the concept of learning environments, 

learning ecologies focus on individual learning networks and put this emphasis on the learners 

and their learning at its very core. The approach is chosen as a theoretical framework (D2.1) in 

the SySTEM 2020 project to examine the way learners develop, pursue, and sustain an interest 

in science, including all relevant influencing factors connected to socio-cultural and spatial 

settings, social interactions, value systems, and histories. 

The following subchapter focuses on the three dimensions chosen to measure the effect of 

learning ecologies on the way learners develop, pursue, and sustain an interest in science. It 
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gives insights into the first results concerning the effects of the personal situation of young 

learners, the influence of place and time of learning and the effects of social background and 

social environment on science interest, science attitudes, and science engagement. 

The influence of the personal situation 

gender identity 

age (affecting the learning capacity and the 
knowledge already acquired) 

educational capital already acquired 

Influence of the place and time of 
learning 

The effect of the moment and daily mood 

Effects of the workshop setting 

Effects of daily activities pursued 

Effects of the learning environment on science 
learning 

Effects of the social background and 
social environment  

Educational capital of children’s guardians and 
parents and guardians 

Social contacts and peers 

The following sections explore how learning ecologies influence STEAM learning outside the 

classroom. Being a resource passed on from parents and guardians to their children, 

educational capital is both an effect of the social background of a learner and part of the 

learner's personal situation (as listed in table 10 defined for D6.3). In order to avoid overlaps, 

effects of learners' educational capital are mainly addressed as part of their personal situation, 

which is tackled in the next section.  

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-demographic features are not to be misunderstood as deterministic 

interventions. Rather, they inform tendencies, and influences potentially shaping science 

learning ecologies (Archer et al. 2012; Brickhouse, Lowery, and Schultz 2000). A learner’s 

identity and agency are socially situated, supporting specific competences, performances, 

and social recognition thereof, which again shape the learner’s identity. 

This section condenses the findings of the three different evaluation tools gained on the 

learners’ socio-demographics and their potential link to science learning. 
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In comparison to other evaluation tools used in the SySTEM 2020 project, the longitudinal 

survey collected comprehensive information on the learners' socio-demographics, allowing 

for an intersectional analysis of the learner’s answers in relation to their living realities. While a 

comprehensive list of dimensions was included in the survey (see Section 2.1.1 of this 

deliverable, and D3.2 for more details), group based comparisons of means were - informed 

by a literature review on science learning (see D3.2) - focussed on age and gender. 

The survey covers the broad age range from 9 (partly 8-year olds in wave 1) to 21-year olds (in 

wave 2). Naturally, the science learning ecology of a young adult differs from the ecology of a 

child. The Synergies project and the ASPIRES project, which heavily shaped the longitudinal 

survey process, suggest learners, who engage in science already at a young age perceive their 

own agency in science differently, kids not interested in science are unlikely to like science in 

the future and  interests in science seem to be stable once age 14 is reached (Falk et al. 2016; 

DeWitt et al. 2013). In our survey, age - looked at on its own - has limited effects. Younger 

learners (aged between 9 to 11) tend to like science in school significantly better than older 

respondents (m9-11=4.23, p<0.001, 0.22<r<0.33), and also perceive their own attainment in 

school more positively when compared with all other age groups (m9-11=4.14, p<0.05, 
0.16<r<0,18). Young learners also tend to engage more in team-sport based learning than this 

is the case for older ones. Once age 15 is reached, engagement in these kinds of activities 

significantly drops (p<0.001, 0.20<r<0.34). Parental interaction about science also seems to 

be shaped by the age of the learners, with young children on average more often indicating 

that their parents and guardians talk to them about science (m9-11=3.18,p<0.05, r=0.17). 

Age remains a significantly impacting factor when looking at science attitudes. In our sample, 

learners who are aged between 15 to 17 years are more likely to develop a highly positive 

science attitude15. This finding might be related to earlier findings of science identities being 
rather stable once age 14 is reached. Processes of positive-self-selection of highly science 

interested respondents caused by the longitudinal survey process might have particularly 

addressed teenagers, who are well connected with science and pursue self-directed science 

activities, such as engaging with SySTEM 2020. 

Age further mediates the potential influence of gender-ideals and stereotypes on individual 

learning identities (Archer et al. 2012; DeWitt et al. 2013). Intersections between age and 

gender were hence additionally looked at and are described in the next section. 

Learning makes part of developing a gender(ed) identity (Brickhouse 2001). Relational gender 

stereotypes and conceptions of femininity and masculinity can make masculine connoted 

science “incompatible with girls’ performances of popular/desirable hetero-femininity” 

(Archer et al. 2013, 181). The way gender-identities form is also mediated by contexts of 

socialisation, most importantly a learner’s home, related ideas of gender identities, which 

potentially vary with the educational capital of a learner’s family.  

In our survey, gender differences are significant when it comes to the type of science learning 

pursued. Male-identified learners are more likely to engage in self-directed science learning in 

a narrow sense, female-identified learners tend to regularly do activities which might foster 

 
15 This finding relates to a logistic regression model of a highly positive science attitude. This model is described in 
detail in D3.2 and included in the Annex.  
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art-centred, informal STEAM learning. Both differences already exacerbate at a young age and 

persist, once learners grow older. Further, boys are further often engaging in team-sports and 

potentially related science learning as this is the case for girls. Female-identified learners are 

on average more likely to indicate performing better in school, albeit with a small effect 

(mf=4.04, mm=3.08, p<0.01, r=0.12). Parents and guardians were not found to interact 

differently with daughters or sons when it comes to involving them in discussions about 

science. However, fathers seem to do so more often than mothers.  

Our survey has not identified solely gender-based differences with regard to a positive science 

attitude, liking science lessons in school, or a non-identification with science. 

According to our findings, educational capital continues to shape the learning ecologies of 

our respondents. Learners from highly educated backgrounds are more likely to develop a 

positive science attitude and perceive their school performance as good in general. They are 

also less likely to develop a negative science identity. Science is part of their home-culture, 

their peers are likely to enjoy science too. The combined perspective of educational capital 

and gender reveals the interaction of both, whereas differences with regard to educational 

capital prevail in our study. Boys with high educational capital score the highest on positive 

science attitudes with a meanm-high = 4.08 (out of 5). and significantly exhibit a higher positive 

science attitude than boys and girls from low and medium educational strata and also on 

average score higher than girls from high educational backgrounds (p<0.01, 0.21<r<0.29). 

Similarly, male-identified learners from educationally affluent backgrounds are the least likely 

to disidentify with science (mm-high= 3.9, p<0.01, 0.21<r<0.39).  

The survey also tapped the influence of migration experiences, perceived restricted ability, 

and speaking multiple languages at home on the probability to develop a highly positive 

science attitude. Contrary to findings in the literature, which point to the influence of these 

factors on the possibility to connect with science, none of these factors turned out to be 

significant.  

Consisting of a series of short surveys, the ESM does not provide background information on 

the demographics of all participants: For those who answered the registration questionnaire 

(n=90) we have information on age and gender. Based on the former participation in the 

longitudinal survey, we can also include information on the educational capital (longitudinal 

survey; n=45). This link can, however, only be made in a few cases, which is why there is limited 

information on possible effects on science learning.  

Within the group of ESM-participants we do not see strong age effects on science attitudes. 
With an average score of 4.48 (of 5) young learners aged below 14 tend to be less fascinated 

when thinking about science than juveniles aged 15 or older (mean=4.60). Yet, young learners 

below age 15 report more often that they feel excited when thinking about science with an 

average score of 4.34 compared to 3.94 amongst juveniles. In addition, young learners aged 

9 to 14 report more often (41%) that they have learned about science related things that 

fascinated them than older ones (34%). They also reflect more positively on the input they have 

received at school than older learners: While none of the students aged 15 to 20 years report 

that they have learned about science related things that fascinated them at school, 40% of the 

younger ones do.  



 

 

42 

 

This difference is also reflected by the feedback received from young learners on how they 

felt while participating in the workshops. We see that young learners aged between 9 and 14 

years tended to feel more excited participating in the workshop than older ones. Still, older 

students on average enjoyed the participation in the workshops more (Figure 12). 

 

Similarly, during the workshop young learners aged between 9 and 14 years reported better 

learning experiences (4.28) than older ones (3.71) and on average felt clearer about what they 

were doing (4.53 vs. 4.03). This positive learning experience supports the high rates of 

excitement indicated above.  However, since most young learners aged 15 and older did not 

fill in the questionnaires sent on the days before the workshop, a pre-post analysis of possible 

effects of age on science attitudes is not possible. 

Young learners aged between 9 and 14 years tend to report a stronger engagement in different 

sorts of activities than older ones. This might be associated with longer schooldays of the 

teenagers, who also spend more time with doing homework. Besides homework, learners aged 

15 to 20 years tend to spend more time watching TV during the week. 
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Gender With an average score of 4.63 female-identified learners tend to be more fascinated 

and more excited (mean=4.37) when thinking about science than male-identified learners. The 
latter are on average also highly fascinated by science (mean=4.4) and excited (mean=3.89) 

but less than female-identified ones.  

Yet, female identified learners report less frequently that they have learned about science 

related things that interested them in their free time (31%) than male-identified learners (48%). 

On the other hand, female-identified learners (27%) report more often than male identified 

learners (13%) that they learned about science related things that fascinated them at school.  

The different approach of girls and boys to science learning is also reflected by the question 

on the source of their learning. While boys refer mostly to the internet and books, girls name 

their friends as frequently as the internet as sources of science related information that 

fascinates them. Also, in contrast to male-identified learners, they refer to after school 

activities as places where they have learned new insights related to science. This points to the 

fact that the way science learning is organised is important to engage learners of different 

gender identities. While boys tend to reflect on science learning as a rather self-directed 

activity, they do themselves, girls reflect on science learning stronger as a situation of sharing 

information and of input they receive from their social environment.  
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This also translates into different approaches how girls and boys follow up on science related 

information of interest to them. While both report that they follow up on these insights mostly 

using the internet, boys (35%) report more often than girls (30%) that they follow up on science 

related things reading books. Instead, girls tend to follow up on science related topics more 

often talking with their friends (37%) and their family (50%). Interestingly and contrarily to the 

source of new insights lined out above, male-identified learners (18%) are more likely to use 

after-school activities for follow ups than girls (4%). 

Female-identified learners tend to spend more time doing homework on a regular day than 

boys. Male-identified learners tend to spend more times with their friends. The time spent on 

sports, visiting museums, or doing other science related things, engagement in afterschool 

activities and the time spend watching TV instead does not vary much with gender.  

As we have already seen in the longitudinal survey young learners with a higher educational 

capital tend to exhibit a higher positive science attitude than learners stemming from less 

educated backgrounds. These effects are also visualised by the ESM. Measured on a scale of 

1 (very afraid) to 5 (very fascinated) those with a higher educational capital tend to be more 

fascinated (mean=4.5) when they think about science than young leaners with a lower 

educational capital (mean =4.0). In addition, they tend to be more excited (mean=4.2) when 

thinking about science, than young learners with a lower educational capital (mean =3.9). 

Due to the small number of participants (n=45) providing information on the social 

background, effects of the social background on science engagement are only looked at 

analysing the survey sent out during the workshop. Interestingly young learners who possess 

a lower educational capital tend to enjoy workshop participation more than those with a higher 

educational capital do. Even though differences and numbers are small, we can see a 

tendency: While young learners possessing a higher capital feel more sociable during the 

workshop – hence, potentially feeling more secure in a situation which is possibly more 

common to them – young learners who possess a comparatively lower capital tend to report 

more often that they are excited and feel good about themselves.  
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Based on the results of the survey and the ESM, we do know that learning ecologies are 

influenced by age, gender, and the educational background of the learner. The practice 

partners who trialled the zine-led evaluations with their learners have varied and distinct 

audiences to whom they tailor their activity. Since the learning portfolios themselves did not 

collect personal data such as age, educational background, ethnicity or gender, we have just 

 
16 As young learners with low educational capital were hard to reach with the ESM, we have no information 
on the effect of the educational background of learners with low educational capital.  
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a general understanding of the demographics of each cohort - based on information provided 

by the facilitators in each location. We will explore these differences at cohort level further in 

Section 3.2.3 in which we explore the importance of social interactions in terms of educational 

background and lived experiences. In this section, we make some brief comments on 

indications of the effect of age and gender on STEAM engagement through the learning 

portfolio.  

The learning portfolio was utilised by a large age span of 10-18, which almost covered the 

entirety of SySTEM 2020’s focus (age 9-20). It is evident that depending on age, there are 

significantly different experiences of using the learning portfolio tool to support STEAM 

learning outside of the classroom. The in-depth and open-ended nature of the tool, which 

relies somewhat on personal motivation, confident creation, and quiet reflection time, is 

something that during tool development was tailored specifically to pilot audiences. These 

pilot audiences were young people of age 14 and above. During the roll-out to practice partner 

locations, we were interested to see how the tool was adopted by younger audiences.  

 

In particular, we can recognise the distinction between learner experience in the two cohorts 

from KI, which had a younger mean learner age compared to LATRA and Science Gallery 
Dublin. Though the majority of zines are produced from KI’s cohorts look intricate and contain 

detail, reflection and evidence of learning, there were a total of 2 zines that demonstrated the 

learners’ dislike for the zine-making activity. For example; 

“zines are irrelevant. Zines are miserable” 

“it annoys me that I have to do zines. I’ve learned that I don’t like zines” 

It is noteworthy that using zines means that learners are able to express their dislike for the 

zine-making process at hand, and in the case of two KI participants, chose to do so. Zines also 

potentially afford for learners to express their understanding, enjoyment, or lack of these of 

the science content in the workshops. A learners’ potential confusion over the workshop 

content is evident in another KI learner’s zine who wrote… 

“I don’t know I don’t know I don’t know” 

As part of putting the learning portfolios into practice at each institution, we also asked for 

reflections from facilitators as to how the activity was received by learners. Science Gallery 

Dublin’s audience audibly enjoyed zine-making and lamented the end of the zine makeshop 

reflective evaluations. Similarly, LATRA participants asked to further tailor their zine making 

experience by adding further components and enjoyed the ability to personalise a booklet that 

they could take home in their pocket. Here, we also see the distinction with Kersnikova’s 

learners, whereby facilitator feedback mentions that certain learners found the process of 

zine-making “hard”, while other learners “didn’t find it hard, but also didn’t enjoy it”, one 

learner enjoyed it but “he said that 20 seconds would be enough for one page”.  

Drawing together these facilitator reflections with the evidence from within the zines, we can 

see that the tool, and its ability to inform us about STEAM learning, worked less well at 

Kersnikova than at LATRA or Science Gallery Dublin. Although it is hard to draw a concrete 
conclusion due to the fact that we do not have individual data, and that the age difference is 

also confounded by topic, institution and workshop logistics, it seems to indicate that age 
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might well have played a part here. There is a strong suggestion that the learning portfolio tool 

is more able to inform us of STEAM learning and engagement in older participants (of age 14-

18) than it is in those aged 10-13 years of age. We have not yet tested the tool on participants 

over the age of 18.  

In contrast to the findings of the effect of age there are no clear tendencies or sufficient 

evidence to draw any distinct differences between the effects of gender on STEAM learning 

and reflection within handmade zine learning portfolios.  

Time and space represent important features of learning ecologies. Physical dimensions may 

extend to access to STEAM learning institutions, but also more literally include features such 

as geographic location or the features of a specific room. In the SySTEM 2020 project spatial 

dimensions are mostly considered with regards to specific workshop settings (ESM, LP) but 

also investigate the intersection of formal and non-formal education systems (LS, ESM). 

Learning ecologies bear important temporal features as learners learning ecologies have a 

history, reach certain levels of stability by the time, but always remain open to changes over 

time (Bevan 2016). In the context of the SySTEM 2020 project and the instruments discussed 

in this deliverable, the longitudinal survey, the ESM and the learning portfolios extend their 

data collection to more than just one point in time, potentially gaining dynamic or time-specific 

insights. Examples thereof are the effect of the moment and daily mood (ESM), the effects of 

regular activities pursued (ESM, partly LS), and the effect of the learning environment on 

science learning, e.g. specific workshop settings, topics and approaches (ESM, LP).  

The following section explores the influence of time and space on STEAM learning outside of 

classroom-settings as excavated by the three different evaluation instruments. 

While learning ecologies are dynamic, and form and shape themselves with time (Bevan 2016), 

hardly any time-related differences were detected investigating the longitudinally observed 

answers from our respondents. This high stability of indices might be in part related to the 

short period of one year 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. 

Nevertheless, science attitudes slightly changed between wave 1 and wave 2, as depicted in 

figure 17. The depicted dots represent the values of science attitude in wave 1 (x-axis) and wave 

2 (y-axis) in one single dot. The intra-personal differences between these two waves are 

depicted using colour and size-codes. The colour of the dots indicates whether these changes 

were positive (green), negative (red) or no changes happened (blue). The size of the dots 

indicates the absolute amount of change. Small dots imply small changes, larger dots relate 

to larger changes. As can be seen in figure 17, for 41% these changes were minor, 9% 

experienced larger positive or negative changes.  
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Those learners experiencing positive changes between wave 1 and wave 2 are more likely to 

exhibit a highly positive science attitude (OR=3.18, AME=0.12).  

While the focus of SySTEM 2020 lies on science learning outside of the classroom and hence 

STEAM learning in in - and non-formal settings, the learning ecologies of our surveyed 

respondents are strongly shaped by the formal education system, whose role must not be 

ignored (Jordan 2010; Archer Ker et al. 2013). In our survey, 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 a PCA both items were summarised to a mean-based index (Cronbach 

α=0.85). About two thirds (67%, n=656) of the surveyed learners perceive their science lessons 

in school positively, and while 18% of both samples are undecided, about 15% do not look 

forward to their science lessons. Younger learners 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, and the largest effect between the youngest and the oldest respondents (m9-

11years=4.23, m18-21years=3.5, p<0.001, r=0.33). Similarly, both young girls and boys below age 12 
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significantly differ from teens of both genders, who are less likely to enjoy their science-

lessons. On a general level, no differences with regard to time, gender nor educational capital 

were identified. The probability of a learner to have a highly positive science attitude is 

significantly related to the learner’s perception of science lessons: the more school science 

lessons are liked, the higher the probability to have a positive connection with science in 

general (OR=2.66, AME=0.10).  

The formal school system is further strongly related to assessing the students’ attainment. We 

asked our respondents 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 learners (70%, n=695) reported 

good to very good school performance and only 6% reported to be perceived as negatively 

performing. While no significant changes between wave 1 and wave 2 were identifiable, similar 

to the enjoyment of school science lessons also the rating of school performance varies with 

age, with the youngest age group rating their performance the highest (m9-11= 4.13, sd=0.51) 

and significantly differing from 15-17 year olds (m15-17 = 3.84, p<0.01, r=0.17). Already introduced 

gender difference in school attainment perception (Section 3.2.1), exacerbate with age; male 

teens of the longitudinal sample significantly indicate a worse school performance at school 

(mm>12=3.73) than all three groups of comparison (p<0.05, 0.16<r<0.19). 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 (mf-

high=4.17, sd=0.45) and hence significantly differing from all other groups of comparison. Also, 

the perceived school performance significantly relates to the development of a positive 

science attitude - the better a student perceives themself, the higher the likelihood to 

positively connect with science (OR=1.40, AME=0.04). 

The survey operationalised a further dimension of space, namely the place of living of the 

learner. Thereby, the survey distinguished between learners living in the countryside, close to 

cities or directly in a city. More than half of our longitudinal respondents live in urban 

environments (55%) and only a small fraction thereof (13%) moved across the tapped levels 

within wave 1 and wave 2. At a general level, the large majority of 82% have not moved across 

these levels. 

 

 

In our investigation, the place of living did not significantly add explanatory value to the 

variance of a highly positive science attitude.  
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As a time-sensitive series of fourteen surveys, filled in over the timespan of four days, the ESM 

provides insights into day-to-day variations of science activities and science engagement. 

Moreover, the possible influence of the daily mood on learning can be assessed. The 

measurement of learning attitudes during the workshop, as well as the day before and 

afterwards could potentially hint at short-term changes in science attitudes.   

In the following, we first focus on the influence of time and daily mood on science attitude and 

engagement in science related activities. Second, we describe the effects of the workshop 

participation, as event and place were interactive learning opportunities were offered, on 

science learning. Third, we explore the differences between weekdays and weekends with 

regard to daily activities. Lastly, explore variations in science attitudes over this short 

timeframe. Due to a limited number of young learners who filled in all questionnaires – or at 

least two questionnaires that focus on science attitudes – only estimations rather than 

conclusions can be formulated.   

We have seen that young learners’ response on how they feel about today in the morning does 

not vary much within one week (r=0.4 to 0.6): Those who tend to argue, that they feel very 

good on the day before the workshop, tend to do so on the workshop day and the day after 

the workshop. Moreover, we cannot see correlations between general science attitudes and 

the way how young learners feel about the day in general, pointing to that fact, that science 

attitudes are rather stable.  

However, no effects of the learners’ moods on their motivation to follow up on science specific 

insights gained in or outside of the classroom were identified. 

Nevertheless, we see an influence of young learner’s general mood on how they feel and 

engage during the workshop, where they were asked about their feelings: whether they were 

feeling excited, sociable, well concentrated, involved or clear, whether they enjoyed what they 

were doing and whether they felt that they were getting better in something. As the results of 

a PCA show, all components potentially measure one factor of science engagement, 

explaining 49% of the variation amongst young learners.17 Over all the answers indicate a high 

science enjoyment while participating in the workshop (mean=4.60). 

Measuring the correlation between the rating of the feelings during the workshop and the 

mood of young learners in the morning of the workshop we can see positive effects: Young 

learners feeling good in the morning tend to be more satisfied with the workshop and their 

engagement in the workshop (i.e. they tend to feel more excited (r=0.35), more clear (r=0. 43), 

tend to concentrate better during the workshop (r=0.31) and tend to enjoy the science event 

more. Also, those young learners who enjoyed the engagement in the workshop stronger, tend 

to have a stronger feeling of getting better in something. 

 
17 KMO, measuring the proportion of variance among variables that might be common variance, scores 0.89.  
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excited 0.35 0,002(**) 79 

involved 0.11 0,313 79 

clear 0.43 0,000(***) 79 

sociable 0.20 0,078 79 

Do you enjoy what you 
are doing in this 
science event 

0.25 0,026(*) 79 

How well are you 
concentrating 

0.3 0,005(**) 79 

How good do you feel 
about yourself 

0.16 0,151 79 

How much are you 
learning or getting 
better at something 

0.38 0,001(**) 79 

As a linear regression analysis shows18 science enjoyment of young learners during the event 

is mainly influenced by the question how well young learners feel orientated and if they had 

the feeling of learning something new. Starting from a stepwise analysis, three variables were 

included in the model explaining science enjoyment during the workshop:  

• how clear learners felt during the workshop 

• how much they felt getting better in something 

• how excited they felt during the workshop.  

Other variables show no significant change in science enjoyment during the workshop and 

were therefore excluded from the model.  

science enjoyment (constant) (1 to 5) 2.189** 0.312   0 

feeling clear (1 to 5) 0.204* 0.078 0.266 0.01 

feeling excited (1 to 5) 0.192** 0.072 0.273 0.009 

learning or getting better at something (1 
to 5) 0.175** 0.064 0.251 0.007 

 
18 The R² for the overall model was .40 (adjusted R² = .38), indicative for a high goodness-of-fit according to Cohen 
(1988). 
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A change of clearness has the highest effect on science enjoyment. An increase of one point 

in clearness about what young learners were doing in the workshop, increases workshop 

enjoyment for 0.20 points. Similarly, an increase in feeling excitement, increases enjoyment 

by 0.19 points. 

In addition, we can estimate that the workshop itself potentially has an effect on science 

attitudes of young learners and how they feel about new insights they learned during the 

event. The pre-post-analyses provides evidence: The percentage of those who reported to 

have learned about science related things in their free time rises from 34% (2 pre-evening 

surveys) to 41% the day after the workshop. Focusing only on the ones who filled in pre-and 

post-questionnaires (n=32) the effect is smaller, but nevertheless increases from 34% before 

the workshop to 38% after the workshop. 

Besides the effects of the participation in science events, the ESM, also provides data on day 

to day activities and the engagement in science related activities. The engagement in everyday 

activities and specific science activities were investigated in the evening surveys before and 

after the workshop day. Knowing the day, the answer was given, it is also possible to 

differentiate answers between school days and weekends. We have shown (D6.3) that the time 

spent on different activities varies between weekdays and weekends:  

About two quarters (66%) of the young learners answered that they did science related things 

such as visiting museums or the zoo, on one of the days before or after the workshop day. Yet, 

a quarter of those engaged in science related activities were pursuing these activities for no 

longer than one hour.  As on weekend young learners do not need to go to school, time spent 

with friends and watching TV or listening to music – i.e. time spent to relax, tends to be longer. 

Also, time spent with homework is higher on weekends. Yet, the time spent on sports and in 

science related activities, tends to be more extensive during the week. While young learners 

spend on average 0.48 hours on science related activities on the weekend, they spend 0.84 

hours on science related activities during the week. Hence, on weekends they engage more 

strongly in self-directed non-science related activities. 

Investigating variations in science attitude during the period of the ESM implementation 

among those participants, who filled in both relevant questionnaires (i.e. Pre-Post or Pre-

During Workshop or During Workshop – Post-Workshop) we see no significant changes, 

pointing again to the fact, that science attitudes are rather stable. However, we witness a 

tendency that the participation in science events slightly increases excitement for scientific 

topics.  
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The zines produced by the learners reflect both the logistics of the workshop as well as the 

chosen topic. The tool was rolled out in three different partner locations over a period of 4 to 

5 days, whereas the learner-led report began on the first day and spanned to the final day of 

the non-formal educational programme. Each programme further had a different topic, or 

focus, and thus personalised the portfolio prompts to reflect these particularities. Chosen 

topics varied drastically by location, from plastic and sustainability at Science Gallery Dublin, 
to robotics and collaboration (changed to robotics and failing better during cohort 2) at KI, 

and European values and sustainable development goals at LATRA, exploring society and 

politics as part of a holistic STEAM learning programme, rather than specifically exploring a 

science or science related area.  

It is clear from the level of reflection shown in the LATRA zine sample (figure 20 & figure 23 

later in the deliverable), that this topic has elicited strong reactions and reflections from the 

learners. This is likely to be influenced by the fact that the participants at LATRA all have lived 

experience of being excluded from European citizenship (to be detailed further in Section 

3.2.3) and thus the topic intersects strongly with their own interests and experiences. In this 

sense, the lens of society and politics is an effective and relevant way to connect with these 

learners and enable them to claim ownership over their learning experience, their lived 

experience and the creative process of producing a zine.  

The zines show notable evidence of demonstrating reconstructive thought and expression, for 

example:  

“I wish people both knew about European values and also practised them in their daily life.” 

“I hope European politicians work hard to inform their people about European values so that 
more people would have sympathy towards refugees”.  
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Secondly, both of Kersnikova’s cohorts are described in more detail. The topics covered here 

were robotics and collaboration in July and ‘robotics and Fail Better’ in August. The topics, 

which combine electronics and robots with reflection on behaviour and society through 

‘collaboration’ and ‘fail better’ seems to have been instrumental in facilitating reflection about 

both the science and applying this to their own life and personal habits. For example, this 

account from a learner relates their own personal approach and experience to the scientific 

task of building a robot with others; 

“Before we connected, we made a plan on how to connect. It’s hard to make a robot, 

connect, make a housing, find the right program ... There’s a lot to adapt. We all had to 

connect, so we had to change our desires. Making a robot + connecting with others = a 

bunch of hard work”. 

A similar situation is described by another learner in the same cohort; 

“We have learned to win together / WIN. When we connected the robots together we 

all had to adapt to each other. I had sonar as my input and my sister had a speaker as 

output. then we adjusted together and then it worked” 

An evident distinction is that much of Kersnikova’s zines focus strongly on the experience of 

building the robots – that is they talk about working together, collaborating, finding the 

supplies, and turning on the robot – these can be considered to be largely behavioural 

experiences, though there are emotional and cognitive reflections on these. In contrast, 

LATRA’s learners seem to centre the emotional and cognitive influences of their learning – 

exploring the consequences and their responses to the content first and foremost rather than 

the experience of learning it.  

Finally, we look at the zines produced by Science Gallery Dublin. The programme offered there 

addressed the topic of plastic and its influence on society. The zines in this case seem to span 

experience and cognitive and emotional responses to these – with quotes 1 and 2 relating 
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explicitly to content, while quotes 3 and 4 relate to experiential aspects of the programme and 

their effects.  

Quote 1: “[plastic] has many shortcomings, 1) pollution 2) death of many animals 3) health 

problems” [collage image reads: You will die of OLD AGE. Our children will die of CLIMATE 

CHANGE] 

Quote 2: “polluting sea, revoluntionised medicine, ends up in bacteria rich ecosystem” 

Quote 3: “Have open conversations with everyone. Have things in common with people.” 

Quote 4: “We did a drama workshop… it made me feel more comfortable about sharing ideas 

and expressing myself.” 

Unsurprisingly, the nature of the workshop or programme and its content influences the zines 

that learners produce when reflecting on these experiences. What is interesting is to observe 

that whatever context the workshop takes place in, and whenever it happens, it seems that the 

reflection on non-formal educational programmes in zines demonstrates that the experiences 

are often about much more than learning content. In all three contexts, learners go above and 

beyond reporting their learning. In the case of LATRA – they make predictions, wishes, and 

alternative realities; in the case of Kersnikova they focus on the materiality and experience 

(and difficulty of this!) of the topic; and in the case of Science Gallery Dublin, they hypothesise 

about the topic but also combine this with personal reflection on confidence and relationship 

building. It is highly likely that the non-formal learning institutions and their programme focus 

are having an effect on the learners and shining through into the zines, meaning that zines can 

provide a helpful insight into the parts of programmes that learners reflect on most, and as 

such can work as a tool to evaluate programmes as well as learners’ experiences.   

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 science. The 

theoretical lens of learning ecologies entails that learning cannot simply be understood as an 

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 STEAM can be seen as a community of practice; not everyone automatically is 

a member of this community, but in order to become access and to be included in this 

community, a learning process of its own is required. Thereby, learners are socialised into the 

norms and the practices of this science community and on the same time develop 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). 
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The family is the first and most important place of primary socialization where knowledge, 

skills, norms, values and traditions are learned (Anastasiu 2011). Most of our longitudinal 

learners (91%, n=707) live together with at least one parent. Succeeding the learners’ own 

motivation to engage in activities that potentially foster science learning, parents and 

guardians are indicated as being the most important source of encouragement (90% indicated 

support), followed by friends (63%) and teachers (58%). 

Parents and guardians 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 and guardians to their children. Based on educational capital, which continues to 

shape the learning ecologies of our respondents (see Section 3.2.1) science can or cannot be 

a part of the learner's home (Archer et al. 2012). 

Accordingly, science is not part of every learner’s home culture and does not belong to every 

“family habitus” (Archer et al. 2012). In our survey, the importance of science at the learner’s 

home has been derived as a factor using a PCA comprising three items: ‘my mother talks to 

me about science’, ‘my father talks to me about science’ and ‘my parents are interested in 

science’ (Cronbach α=0.79). These items were summarised to a mean value index (ranging 

from 1 (strongest disagreement) to 5 (strongest agreement)). 

A third of all surveyed respondents (33%, n=720) indicated science being a part of their home 

culture. Slightly more (37%) tend not to talk to their parents or guardians about science and 

do not think that their parents have an interest in science. Young learners report a significantly 

higher presence of science in their homes than young adults – with significant differences 

exacerbating between 9 to 14 year olds (m9-11=3.18, m12-14=3.02) in comparison with 15 to 21 year 

olds (m15-17=2.74, m18-21=2.78, p<0.05, r=0.17). 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 or guardians to spark interests, whereas young adults shaping their 
learning ecology more independently. When looking at the interdependence of science 

importance at a learner’s home and their probability to positively connect with science, higher 

science importance at home also increases the likelihood to have a highly positive science 

attitude (OR=1.78, AME=0.06).  

More than two thirds of our longitudinally surveyed learners (70%, n=736) live together with 

their siblings and in total, slightly more than one third of the learners (37%) indicate that their 

siblings encourage them to engage in activities, which can foster science and STEAM learning 

in a broad sense. The results of the logistic regression model (described in detail in D3.2 & 
found in the Annex), however, indicate that supportive siblings are negatively related to the 

probability to connect with science (OR=0.08, AME=-0.26). Possibly, this encouragement is 

prompted by specific living conditions, the siblings’ support might not be a causality, but a 

correlation caused by other factors not included in the regression model. 

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 the surveyed learners (38%, n=716) indicated that their close friends enjoy science, 

slightly fewer (31%) are undecided, an equal share (31%) do not indicate having close friends 

who are into science. The youngest age group of 9 to 11 year olds (m9-11=3.40) is on average 
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most likely to have a science-positive peer environment and significantly differs from 12 to 14 

year olds (m12-14=2.86, p<0.001, r=0.23). This difference by age is further gendered: in 

particular, young boys below age 12 (mm<12=3.51) are significantly more likely to have friends, 

who like science than female (mf>12=3.02) and male teenagers (mm>12=2.93, p<0.05, 0.15<r<0.19). 

Further, learners with high educational capital are significantly more likely to have friends who 

positively connect with science (mhigh=3.21) than learners from medium educational strata 

(mmed=2.94, p<0.05, r=0.12) and respondents from low educational capital (mlow=2.84, p<0.05, 

r=0.13). Again, having a peer environment that positively connects to science increases a 

learner’s probability to develop a highly positive science attitude (OR=1.43, AME=-0.26). 

Young learners were asked each evening whether they share science related information they 

are interested in with others and, if so, with whom. In total 67 young learners answered to one 

of the relevant questions.  

The majority of young learners (93%) shares science related information they gained at school, 

in workshops or in their free time with others. As has been discussed above with regard to 

gender-based differences of sources of information, we also see gender-based differences 

here. Female-identified learners tend to share the information more frequently (100%) than 
male identified learners (78%). Also, learners aged 9 to 14 years share science related 

information more frequently (97%) with others than older ones (82%).  

Do you share the information with others? 

 

% 100 78 97 82 93 

  n 29 23 30 22 67 

With whom do you share the information? 

Friends % 62 78 52 94 73 

Parents and 

guardians 

% 

79 56 66 78 71 

Siblings % 66 50 66 50 56 

Grandparents % 38 28 41 22 37 

Teachers % 24 33 34 17 31 

  n 29 18 29 18 62 
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Young learners, who shared science related information with others most frequently indicated 

sharing it with their friends (73%). Interestingly, we see, that male-identified learners tend to 

share information more frequently with their friends than female-identified ones. In addition, 

friends tend to be more important for older learners aged 15 to 20 years than for younger 

learners aged 9 to 14 years.  

In total, 73% of the young learners who shared information with others, share the information 

with their parents and guardians. While 79% of female identified learners share the information 

with their parents, only 67% of the male identified learners do so. The same patterns can also 

be observed in relation to other family members, such as siblings and grandparents 

In total 56% speak with their siblings about science related things and 37% with their 

grandparents and other relatives. While 66% of the female identified learners share science 

related information with siblings, this is only the case for every second male-identified learner. 

38% of the female identified learners share science related information with grandparents and 

other relatives, but only 28% of the male identified learners do so. Also, relatives tend to be 

more important receivers of newly gained insights for younger learners aged 9 to 14 years than 

for older ones.  

Interestingly, parents are more important receivers of information for older learners aged 
between 15 and 20 years (78%) than for younger ones (66%). Younger learners tend to share 

information more often with siblings and grandparents than older learners do. Teachers are 

the ones young learners least frequently share science related information with. Only 31% of 

those, who shared information with others, answered that they speak with their teachers about 

science related they are interested in. Again, younger learners aged between 9 to 14 tend to 

share information more frequently with teachers (34%) than older ones (17%). In addition, 

teachers seem to be reached out to more often by boys than girls to share newly gained 

scientific insights.  

In comparison to relatives and friends, sharing information with teachers might also have a 

different function: While sharing information with friends and family provides feedback and 

hence, can be perceived as information gained by discussing newly learned things – which is 

what female learners tend to do -  sharing information with a teacher could also be interpreted 

as a proof what has been learned in other contexts. Hence, sharing information more 

frequently with teachers also might imply not to be afraid to take the space for reproducing 

and presenting what has been learned. With regard to scientific concepts, this seems to be 

easier for male-Identified learners, than for female-identified learners.  

In this section, the social environment is considered with regard to the specific social settings 

of the cohorts participating in the science learning programmes of the practice partner 

institutions.  In such a way, Kersnikova are considered as Kersnikova 1 and 2, since the learning 

portfolios were used for two separate summer camps and thus each one represented a 

different social group and environment.  

Firstly, we will briefly describe each of the cohorts in terms of their grouped personal 

characteristics. We do not have information on individual learners’ family or peer educational 

background – instead we can consider only group demographics as provided by each 
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institution, and consider the demographic of the group as informing the nature of learners’ 

peers (in the local sense of those who they engaged in the workshop with) in each location.   

Learners involved in workshops at LATRA are aged 17 to 18 and have all had first-hand 

experiences of migration and seeking asylum. Two of these learners do not attend school and 

cannot read and write. The remaining eight do attend school. The zines have been written in a 

variety of languages, demonstrating the diversity of languages that learners at LATRA speak. 

The ten learners represent six different nationalities.  

Learners from Science Gallery Dublin are aged 14-15 and in their ‘Transition Year’ at school – 

this is a time in which they are encouraged to explore careers options and internships. 44% of 

the sample attended DEIS schools – which means they are considered educationally 

underserved, though the cohort also includes those from schools without this status. It can be 

considered a somewhat heterogeneous group, though it must be noted that everyone who 

took part in the programme had to apply and needed to have learned about the programme 

and to put themselves forward.  

Learners from Kersnikova span the ages of 10 to-16 and are most likely to be from higher 

income families, since the program they attended at KI was a paid summer school. However, 

two learners in each of the KI cohorts got free places as a result of SySTEM 2020 funding. 

The graphs below, (figure 21) show that the distribution of each cohort’s reflection within their 

zines.  

0

0,2

0,4

0,6

0,8

1

Reporting &
Responding

Relating Reasoning Reconstructing

LATRA

0

0,2

0,4

0,6

0,8

1

Reporting &
Responding

Relating Reasoning Reconstructing

Science Gallery Dublin 

0

0,2

0,4

0,6

0,8

1

Reporting &
Responding

Relating Reasoning Reconstructing

Kersnikova 1

0

0,2

0,4

0,6

0,8

1

Reporting &
Responding

Relating Reasoning Reconstructing

Kersnikova 2

 



 

 

60 

 

As you can see, Science Gallery Dublin and Kersnikova’s first cohort display what might be 

expected as a typical distribution – with progressively fewer learners showing ‘deeper’ forms 

of reflection such as reasoning and reconstructing. Learners at LATRA were far more likely to 

exhibit examples of Relating, Reasoning and Reconstructing than were learners at Kersnikova 

or Science Gallery Dublin. While only 10% of Science Gallery Dublin respondents exhibited 

Reconstructing and 50% exhibited Reasoning, 80% of the LATRA cohort exhibited these forms 

of reflection, which is also noticeably higher than both of Kersnikova’s cohorts. Interestingly, 

LATRA’s group were also the least likely to exhibit Reporting & Responding, which was shown 

by 40% of their respondents compared to 80% of Science Gallery Dublin’s, 66% of KI cohort 1 

and 100% of KI cohort 2. 

The nature of reflection is likely to be influenced within each cohort by personal factors such 

as age and experience, by logistical factors such as context, topic, and institutional approach, 

but social dynamics both within and beyond cohort level are also likely to play a part. While it 

is beyond the scope of the learning portfolio to be able to deconstruct the findings above and 

decipher whether they are primarily caused by age, institutional approach, or the influence of 

peers and family, the tool supports the idea that the effect of social grouping and peer groups 

of these could be having an impact on STEAM learning and reflection within zines. This is 
because zines within cohorts are more similar than those between cohorts, likely due to 

logistical reasons as well as shared experiences, knowledge and cultural contexts.  

This indication is further supported by evidence from zines produced by learners at Science 

Gallery Dublin. Here, explicit reference is made to other learners within the cohort – with at 

least two zines devoting a page of the learning portfolio to be signed by other learners on the 

programme. There are multiple further zines with text which explicitly refers to “new friends”, 

“getting to know new people” and finding out things “in common”. Since Science Gallery 

Dublin’s workshops were unique in that the application process is standardised and 

participants are randomly divided into groups, thus it is the programme in which it is the most 

likely that participants know nobody else on their first day. Whereas at LATRA the programme 

happened with individuals who repeatedly interact with the organisation, as it is based where 

they are living, and at Kersnikova where, for instance, siblings attended the programme 

together. Again, this is an observation that shows how peer groups are important during 

learning, and particularly in the context of making new friends – are often reflected on by 

learners.  

The SySTEM 2020 project engaged many young learners between age 8 and 21 across Europe 

and Israel/Palestine in non-formal learning activities. The three evaluation instruments 

discussed in detail in this deliverable reached 856 persons in total. The involvement in non-

formal science learning workshops and activities might - by themselves - influence the learners 

and their learning ecologies. Positive effects, such as supporting the learners’ self-esteem and 

making their own learning processes visible also for themselves, might have an impact on the 

participating learners. The following section delves into the question in what ways can science 

learning experiences support self-esteem and empowerment in participants? 
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The longitudinal survey put a focus on providing a detailed picture of the social background 

of the learners. This social background in turn informs the learners’ identities and self-

perceptions. In part, data collected by the survey elaborates on matters of identity, for 
example with regard to non-identification with science (see elaborations in Section 3.1), 

gender-identity (Section 3.2.1), or the learners’ perceptions of their own attainment in school 

(Section 3.2.2). The results suggest that the learners’ science identities are shaped by the 

socio-cultural environment. The survey, however, does not itself delve into more detailed 

processes of self-esteem or empowerment of learners, which is rather provided by the 

reflective tools of the SySTEM 2020 project and more specifically the learning portfolios 

described in this deliverable at hand.  

Possible effects of the participation in science events measured by the ESM are discussed in 

subchapter 3.2.2 putting an emphasis on the temporal dimensions illuminated by the tool. We 

have seen in this context, that science attitudes are rather stable. However, we argued, that 

there might be a small effect of participating in a science event on young learners’ awareness 

for the different places and opportunities in which science learning takes place. As we have 

already argued in D6.3, young learners tend to report more frequently that they have learned 

about science related things in their free time after having participated in a workshop than 

before. On a regular day, a little more than one third (34%) of the learners indicated that they 

had learned new science or about science-related topics in their free time. Following the 

engagement in a workshop, we see that the percentage slightly increases – from 34% on the 
first day to 41% on the last day of the ESM, hinting at a potential small change in the awareness 

of young learners for their own capacities of science learning and situations in which they 

learn.  

There are a number of ways in which the learning portfolios demonstrate evidence of the 

STEAM learning experience resulting in increased self-esteem and indicators of 

empowerment.  

Firstly, we will discuss this in terms of the learning portfolio itself – as an open-ended tool that 

can be personalised and developed as the learner wishes to, the zine leaves a lot of space for 

evidence of creative confidence and self-confidence to be observed. In particular, this seems 

to be something shown by the learners in the LATRA and Science Gallery Dublin cohorts.  

For example, in the zine shown in figure 22, the learner felt confident enough to reject the 

classic zine folding instructions and to instead create their own zine folding method – which 

came with instructions as to when to flip the zine in order to read it.  

There are many examples shown in zines across the three locations which demonstrate the 

positive and sometimes unforeseen effects that non-formal science learning can have on the 

self-esteem and empowerment of participants.  
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Further experimental and personalised zine approaches were shown by learners at LATRA, who 

(as shown below in figure 23) decorated their zine to resemble a Greek passport.   

The fact that learners wanted, and were able to, personalise their use of an evaluation tool in 

this way demonstrates their engagement in both the workshop and the evaluation process, 

and also the benefits of a tool that can be co-opted for learners to use on their own terms.  
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There is, however, further evidence of self-confidence that can be gathered from analysing 

the text within the zines. These span a number of different examples of personal ability: those 

which relate to science and science learning, those which relate to approaches and methods, 

and those which are personal reflections on the learners themselves. Examples which refer to 

the completion of a task, a section of the workshop, or scientific know-how, and are an 

important demonstration of learners’ development and accomplishment and can be seen in 

the following quotes.  

• “I’ve learned to do even better after a mistake than if I did it right first time”  
• “we have learned to win together. WIN” 
• “together we succeed”  

Further to content, skills and knowledge, it is also important that workshops leave learners 

feeling confident in terms of ‘approaches’ which they can adopt and feel inspired or motivated 

to use in the future. These include things like realising they share important things with other 

young people, feeling less stressed or self-conscious, and being less scared at trying new 

things. Examples of this are found in zines from across the three locations. 

• “today I learned to… embrace bad ideas” 
• “don’t be afraid to be bad at anything” 
• “less pressure on myself” [circular arrows to a smiley face]  
• “we all need help”  
• “[I was surprised by] how much I share with other people” 
• “new friends” 

Further to the examples above, LATRA’s cohort contains a number of quotes which 

demonstrate how the workshops have shifted the participants’ views of themselves within 

their own contexts. These quotes are incredibly powerful and demonstrate the learners’ 
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engagement with an important learning programme run in the refugee camps where they live. 

In particular, they show the possibility for holistic approaches to science learning, like STEAM 

to be an important lever for empowerment of vulnerable learners. 

• “I learned to value myself within Europe” 
• “We are all equal”  
• “I am different but also the same” 
• “Although I am not a European citizen I have human rights that need to be respected”.  

 
These quotes show that holistic approaches to science learning, like STEAM can support 

individuals’ empowerment on a number of levels; though the topic and content is the basis of 

the activity – it is only the beginning of the benefits that young people experience. Broad 

themes like self-confidence, accepting help and support, making new friends, and valuing 

themselves are indispensable for young people, influence their learning ecologies and in turn 

their way of learning. The fact that they are shown so clearly in the small sample of zines we 

have analysed is indicative of the power that non-formal educational programmes have in 

transforming young people’s aspirations. 
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Although the combination of tools as applied in the context of SySTEM 2020 produced a 

plethora of meaningful insights in the learning ecologies of children and young adults, it does 

not come without limitations. Tool-specific limitations have been discussed in Section 2.2.3 in 

case of the ESM and are elaborated in D3.2 (Analysis of Survey Results) and D3.3 (Production 

of Learning Portfolios).  

Every tool is embedded in its own methodological framework which is not necessarily 

compatible with other tools used. Qualitative and quantitative tools often have a quite different 

meta-theoretical foundation, and while the LS and the ESM both represent survey-based tools, 

the LP follows a quite different logic. The common evaluation framework set out the basis for 

their combination. Based on their persisting differences, the results are often not fully 

comparable and must not be treated so. Nevertheless, this combined perspective enriches the 

findings of each of the tools and adds new layers of interpretation on other tool’s results.  

Investigating the influence of learning ecologies on science engagement we see the 

limitations of the tools used when reaching out to non-dominant groups of science learners: 

As the educational capital is shaping the way learners develop, pursue, and sustain an interest 

in science learning, it also influences their motivation and their possibilities to answer to all the 

questionnaires sent out. The self-selection processes strongly exacerbate in case of the 

longitudinal survey (the burden of participating a second time, partly necessarily online using 

own devices to access the survey) and the ESM (needing to have access to an own 

smartphone) and for both instruments result in less heterogeneous groups of participants, 

with learners stemming from well-educated backgrounds, who have a highly positive science 

attitude being overrepresented in both samples. Further, also the necessary consent 

procedures (reported in detail in D3.1 and D3.2) was also reported to represent a barrier for 

the engagement of learners from non-dominant groups.  

The large age-group focus implied that the quantitative instruments could not be ideally fitted 

to the needs of a specific age group but needed to address children and young adults alike. 

Different data collection formats would have additionally resulted in less comparable data. 

Albeit operating on a quite different level, older learners were better able to work with both 

the ESM survey collection and the learning portfolios.  
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The science learning ecologies of young learners are shaped by individual engagement, the 

personal situation, times and places of learning, as well as the social environment. Being 

formed over time, they in turn shape a young person’s learning experience. The deliverable at 

hand discussed these dimensions referring to the findings of three SySTEM 2020 specific 

tools, exploring learning ecologies of young learners from different angles and perspectives: 

(1) A longitudinal self-administered questionnaire surveying 736 respondents twice within the 

timeframe of one year. 

(2) The experience sampling method (ESM) collecting time-sensitive self-administered 

answers from 122 learners (45 of which being part of the longitudinal sample) over the 

timeframe of 4 days including the participation in a workshop 

(3) Learning portfolios in the form of zines created by 43 learners as part of a five-day 

education programme. 

As reactive tools, the longitudinal survey and the ESM produced quantitative results, the 

learning portfolios, however, represent reflection-based tools yielding qualitative insights.  

In total, all of the three tools engaged 856 unique individuals, the samples of each tools only 

partly overlap (45 participants of the ESM were also part of the longitudinal survey) resulting 

in different participant groups per tool: 

LS D3.1 & D3.2 736 2 times 
within 1 year 

19 9-21 52% female 
47% male 
1% non-binary 

13% low 
44% medium 
43% high 

ESM D6.2 122 4 days incl. 1 
workshop 

7 10-
21 

40% female 
32% male 
18% unknown 

0% low 
37.5% medium 
62.5% high 

LP D3.3 43 5-day 
educational 
programme  

3 10-
18 

35% female 
65% male 

unknown 

 

The longitudinal survey reached 736 engaged by 19 Partner organisations located in 18 

different countries. These learners are aged between 9 and 21 years old, female- and male-

identified learners are about equally represented. One third of our respondents indicated that 

they or their parents and guardians have made migration experiences, a small fraction 

indicated facing a serious bodily restriction. The survey respondents are majorly living in two-

parent households, with siblings, in urban environment. 43% of our surveyed learners stem 

from highly educated families, a small share of 13% lives in households with low educational 

capital.  

The experience sampling method reached 122 respondents engaged by 7 Partner 

organisations located in in 7 different countries. The respondents are aged between 9 and 21 

years, female-respondents are slightly overrepresented. 45 thereof have also participated in 
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the longitudinal survey, which is why their educational capital can be inferred – learners from 

low education capital backgrounds have not participated in the ESM. 

The learning portfolio reached out to 43 learners engaged by 3 Partner organisations located 

in 3 different countries. The respondents are aged between 10 and 18, male-identified learners 

represent two thirds of the respondents, the majority is part of formal education systems. 

Based on the collaboration with LATRA, several of the respondents have made migration 

experiences.  

In SySTEM 2020, learning is assessed as a socially embedded cognitive, behavioural, and 

emotional process. The different dimensions of learning are, as has been proved by all 

instruments, strongly interrelated:  

Results of the longitudinal survey show that identification and non-identification with science, 

explaining partly the dimension of emotional learning is perforated by the educational capital 

of a learner and – intersecting with the educational capital - their gender identity; learners from 

low-educational backgrounds are most likely to not see science compatible with their identity, 

whereas boys from highly educated backgrounds are the least likely to do so. Similarly, 

learners from highly educated families are most likely to connect with science, i.e. develop a 

positive science attitude, which also connects the relevance of science to their own life. In 

addition, we see a high interrelation between the attitudes towards science learning in school 

and emotional engagement in science learning in an informal and non-formal setting. Learners 

who like science lessons in school, are more likely to have a highly positive science attitude.  

The results of the ESM regarding the different emotional learning processes are in line with the 

findings of the longitudinal survey. We see that science attitudes of young learners are rather 

stable over the period of one week. However, the participation in science events slightly 

increases excitement of young learners for science learning. A positive learning experience 

supports high rates of excitement. Learners who enjoy science very much are also likely to 

have a particular scientific interest. 

Self-reported incidences of cognitive learning happened about as frequently in and outside of 

the realm of the classroom, however, insights gained in school are more often followed up on. 

The most important sources of information consulted by our learners are the internet, books 

as well as peers. Compared to male identified learners, female identified learners reported 

more often, that they had received science related information when talking to their friends or 

parents and guardians, asking for feedback and input. Male identified learners refer more often 

to written sources, such as books or the internet.  

The way young learners report on cognitive learning processes might, as we have argued, also 

be influenced by their awareness for the different settings and opportunities in which science 

learning takes place. Accordingly, after having participated in a science workshop, young 

learners report more frequently that they had learned about science related activities during 

their day than on the days before the workshop participation. Zines, as a personalized product 

of the workshop, demonstrating engagement and the reflection process of young learners 

during the science event, provide evidence of learner autonomy and empowerment as a result 

of non-formal science programmes based on STEAM approaches on the basis of qualitative 

data.  
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At the level of behavioural engagement, we see that our learners actively pursue many 

activities which might foster informal science learning. In particular, our younger surveyed 

learners are specifically active and also pursue more science-related activities. Self-directed 

science activities in a narrow sense tend to be more often pursued by male-identified learners 

from high educational backgrounds. Female-identified learners and boys from educationally 

affluent families are more likely to regularly engage in art-centred activities, which might lend 

themselves to new science related insights. Team-sport based science learning is more often 

pursued by male-identified and younger learners.  

Investigating the day-to-day activities young learners peruse, we see that during weekdays 

learners tend to engage more often in science related activities, whereas the weekend is more 

frequently used for relaxation and activities such as hanging out with friends or watching TV. 

Also, the time spent on different activities varies with age and gender-identities. Female-

identified learners tend to spend more time on their homework while male identified learners 

spend more time hanging out with their friends. Respondents aged between 15 and 20 years 

spend more time doing their homework and watching TV, younger learners instead spend 

much more time on all kind of different activities, including science related activities, 

potentially indicating that their engagement in science related things might be more strongly 

moderated by their social environment, such as parents and guardians and other relatives than 

the science engagement of older learners.  

Albeit working from a different perspective, the findings of the learning portfolios re-

emphasize the connection between cognitive, emotional and behavioural levels of learning 

and engagement. Learning programmes which address all of the three dimensions are 

therefore, potentially, more likely to result in deeper reflection and engagement of the 

learners.  This hypothesis is also supported by findings produced by the ESM: young learners 

who felt clear about what they were doing during the workshop, who felt excited about 

participating and who had the feeling of getting better in something tended to report a higher 

science enjoyment. 

The learners' engagement happens in the framework of their own learning ecologies, shaping 

the way learners develop, pursue, and sustain an interest in science learning. The learning 

ecologies vary with age: Young learners on average like science lessons in school better and 
also perceive their attainment in school better than older learners. They engage more often in 

team sports; the science interest of their parents or guardians is more important for them. 

Younger learners also tend to indicate more excitement and fascination when learning about 

something new and in general reported more frequently about having gained new insights. 

They also reported being more excited about participating in a science workshop. 

Nevertheless, older leaners participating in the workshop indicated enjoying them more. This 

potentially relates to the finding in literature that by age 14 attitudes to science are relatively 

fixed. Teenagers participating in the SySTEM 2020 project possibly did so because of their 

high interest in scientific matters. This hypothesis is backed by the results of the longitudinal 

survey, where leaners aged between 15 and 17 had a particular high chance of positively 

connecting with science. Older learners were also able to use the data collection instruments 

better, be it in case of the ESM, be it with regard to the learning portfolios.  

Gender-identities were not found to influence interest in scientific topics or the (non-
)identification with science. However, gender mediates the way science is part of the learners' 

lives. Female-identified learners tend to more often engage in art-centred activities, which 
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might foster science learning in a broad sense. These activities mostly encompass activities 

with a social dimension, such as singing in a choir, dancing or acting. This social dimension is 

also highly visible in the way ignited scientific inquiries are pursued. Female-identified learners 

are more likely to indicate having learned something new about science in school. Besides 

searching the internet, they are more likely to discuss this information with their friends and 

peers to get more information on this topic than male-identified learners. Boys are more often 

engaged in self-directed science learning activities in a narrow sense. Correspondingly, they 

have also indicated having learned something new in their free time more often. In contrast to 

girls, however, books and teachers represent further important sources for information that 

are contacted to gain further insights. Independently of gender, the internet is the most 

important source to find further information on a topic of interest. 

Gender identities do not only mediate the way how young learners follow up on science topics 

and were they receive the information from, but also whom they share the information with. 

Whilst female identified learners tend to generally share the information more often with 

others than male-identified learners, teachers are rarely addressed by girls, but more often 

referred to by boys. Hence, girls tend to less often take the advantage to speak about science 

related topics that interest them in formal settings. This might point to different functions, 

sharing information might have for young learners: performing what they have learned on the 

one hand, and asking for feedback and validation on the other. These different ways how and 

with whom young learners share information, indicate the importance to provide learners 

more space to articulate their thoughts and feelings about their science learning experiences 

in formal and non-formal settings. 

Also, the educational capital of learners visibly shapes their science learning ecologies. 

Growing up in a family with low educational capital makes it more likely for a learner to dis-

identify with science and less likely to develop a positive science attitude. Not having this 

science-support from home might have also resulted in dropping out of the research process: 

The samples of the longitudinal survey and the ESM predominantly consist of learners from 

medium and high educational backgrounds, learners from low educational households are 

hardly represented. Respondents from educationally affluent families on average felt more 

sociable in science workshops than others, possibly relating to the fact that they are used to 

having a science-positive social and peer environment and hence being able to easily and 

comfortably connect to it. Learners from less well-educated backgrounds in contrast indicated 

higher enjoyment of the workshop participation and higher excitement about being part of the 

workshop. Possibly, the engagement in the workshop represented an extraordinary event for 

them.  

These social dimensions hence continue to shape individual learning ecologies. While our 
surveyed learners show high amounts of intrinsic motivation, parents or guardians, friends and 

teachers are important sources of external motivation. In particular friends represent an 

important element of young learners' science learning environments – in particular young boys 

are likely to have friends who like science, learners with high educational capital are also more 

likely to have friends, who enjoy science. Having this science-positive peer environment also 

increases individual odds to have a highly positive science attitude. Similarly, the learning 

portfolios created visualised group dynamics, with other – and formerly unknown - participants 

visibly being included in own learning portfolios and reflected dimensions being more similar 

amongst one cohort than in comparisons with others, possibly related to logistical reasons as 

well as shared experiences, knowledge and cultural contexts. 
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Learning experiences and ecologies are further mediated by influences of time and space, 

which are measured across several different levels and dimensions. The ESM investigates the 
dynamic nature of time and finds that engagement of learners in science and non-science 

related activities varies with the course of the week, whereas respondents more strongly 

engaged in science-related activities during the week (Monday to Friday). The longitudinal 

survey explored the stability of the young learners' learning ecologies, finding that little to no 

changes occurred within the surveyed period of one year. Positive changes, are however, most 

likely related to a highly positive science attitude. Respondents, who were in a better mood, 

tended to overall report a better workshop experience. The participation in a workshop has – 

unsurprisingly – not changed the learners' science attitudes. However, a small tendency that 

the participation in a science event possibly increases the excitement for scientific topics was 

observed. This finding also relates to the insight of the learning portfolio how topics addressed 

connected with the learners’ interests. The created zines not only demonstrate which parts of 

the workshop mattered most to the learners and hence evaluate the workshop, but also mirror 

their individual learning experiences going beyond the content shared in the learning 

programme. 

Based on the comprehensive data collection and analysis undertaken, we got new insights in 

the way our engaged learners are shaped by their own evolving learning ecologies and 

nevertheless maintain the agency to pursue own learning interests in their own ways. Non-

formal science learning organisations only form one small part of a learners STEAM learning 

ecology, if at all, that are shaped by many other factors and influences described in this 

deliverable. The persisting inequities illustrated by the different research tools hence suggest 

that there is still work to be done, in order to not change the learners, but the way science is 

shared, communicated and addressed.  
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The following section gives methodological background information on the tools used for 

testing the usability of the ESM. The results and the application of these tools can be found in 

Section 2.2.3 of this deliverable.  

Doing interviews is one of the gold-standard methods of qualitative empirical research. 

Whether conducted via telephone or in a face-to-face setting, qualitative interviews far exceed 

an everyday-life encounter and conversation. Depending on the purpose of the interview, the 

research questions posed and the answers that should be collected, a broad variety of 

interview settings and styles can be chosen from. This chapter starts by giving a short generic 

overview of different types of interviews before delving into the specific realm of usability 

testing. 

The structure and formalisation of interviews varies on a continuum between standardised to 

unstandardized (for more details see for example Froschauer and Lueger 2003; Brüsemeister 

2008; Berg and Lune 2017; Roulston and Choi 2018). While standardised interviews are formally 

structured using a pre-scripted and chronologically ordered interview guide, which is similar 

to a quantitative survey that is conducted in a face to face situation. They are mostly affiliated 

with a positivist research paradigm. Unstandardized interviews, also called open, in-depth or - 

having a biographical focus -narrative interviews. These are designed in an open manner and 

are guided by themes, with the first question being prepared and openly formulated. Since 

the structure is dynamically evolving in the interview situation and guided by the interviewee 

rather than the interviewer, unstandardized interviews are often also referred to as narrative. 

These interviews are often affiliated with a phenomenologic, ethnographic, symbolic-

interactionist, grounded theory or feminist research perspective (Brüsemeister 2008; Roulston 

and Choi 2018). Semi-standardised interviews, such as problem-centred interviews, occupy 

the middle-ground between structured and unstructured interviews. They are guided by 

prepared questions, but sequencing is dynamically adapted to the interview situation; 

additional probing questions evolve during the interview situation and should be posed by the 

interviewer.  

Each interview style has its specific theoretical underpinnings that give way to the specific 

methodological implications. The choice of the interview style is guided by the theoretical 

frame of the research endeavour. Similarly, the spectrum of methods for analysis depends on 

the theoretical frame and implemented style of the interview.  

In order to allow for thorough analysis, interviews are mostly recorded and often also 

additionally protocolled during the interview situation. These recordings are transcribed 

thereafter. Guided by a phenomenological, hermeneutic, discursive or conversation-analytical 

perspective, transcriptions can be made with an eye on exact detail such as breaks made 

between words, filling words used, variations of volume when referring to a specific topic and 

the incidences dialects are used/not used when referring to a specific situation during the 

interview (Roulston 2014). Interviews might, however, also be transcribed in a fragmentary 
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way. Guided by a focus on manifest contents and a positivist research framework, this is often 

the case with strongly structured interviews – here the pre-scripted questions can be also used 

as a frame for transcription (Roulston 2014).  

Also the analysis of the interview is informed by the specific theoretical lens chosen as well as 

the research question posed, and range from hermeneutic semantic analysis of latent meaning 

communicated in syntactic units (open interviews) up to a mere categorisation of manifest 

topics (structured interviews) (Roulston 2014). For a comprehensive overview of methods for 

analysing qualitative interviews see e.g. (Flick 2012; 2014; Roulston 2014; Berg and Lune 2017) 

In the context of usability testing and testing in general less structured as well as fully 

structured interviews can be useful. More openly structured interviews such as for example 

episodic or problem-centred interviews, in contrast to fully structured interviews or 

questionnaires, bear the advantage of being adaptive to the context and the living reality of 

the interviewee (Flick 2012). Adaptions can be made with regard to a question's wording, 

probes and questions arising of what has been said in the interview can be posed to gain more 

detailed input and ultimately help discover blind spots or pitfalls not previously addressed in 

the testing (Berg and Lune 2017). 

When it comes to selecting test users, semi-standardised interviews can help sampling 
participants according to pre-defined criteria. Qualitative interviews used in the sampling 

process also offer the possibility to ultimately revise the pre-established sampling criteria and 

include new criteria not considered beforehand (Rubin and Chisnell 2008). In addition, 

qualitative interviews used in face to face situations prior to usability testing can help building 

a rapport of trust with the respondent, which can be utterly beneficial to the overall testing 

process and results (Rubin and Chisnell 2008).  

Qualitative interviews can also be conducted after usability was tested for and lend themselves 

to shed light on understanding the user's perspective and the way a tool, instrument, service 

or application was used. Since they can be framed openly and are adaptive to the specific 

needs and perspectives of a testing user, open interviews can provide in-depth knowledge of 

the experiences users have made while testing (Rubin and Chisnell 2008). Doing so creates 

user perspectives adding to a rich description of the overall user's experience  

The analysis and data gathered in the realm of usability testing is likely to be analysed from a 

problem-centred perspective applying pre-established codes (e.g. usability problems, like, 

dislike) deductively to the collected materials. However, qualitative user interviews also lend 

themselves to inductive coding, i.e. unveiling new aspects of usability not considered prior to 

the analysis of the collected data.  

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).  

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 
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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; Prüfer 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 Prüfer and Margit 

Rexroth (2005, 5–11) list different types of verbal probing techniques depending on the scope 

of the item or the tested survey: 

• Comprehension probes elicit how the answered question has been understood 

• Category selection probes investigate why specific answers have been selected 

• Probes investigating the information needed to answer the question as intended by the 

researchers 

• Information retrieval probing elicits the process of remembering in the context of 

retrospective questions 

• 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 (Prüfer 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).  

Be it paper-based or online, self-administered or supported, quantitative questionnaires 

possibly cover a variety of different topics and questions related to a priori defined research 

hypotheses. Mostly, but not necessarily rooted in a positivist metatheoretical framework, 

surveys tempt to collect data about attitudes, convictions, actions or socio-demographics 

(Diekmann 2012). In their mainstream application questionnaires aspire to collect data in a non-

responsive manner, this implies that questions need to be phrased with care to provide reliable 

and valid results by offering all possible options in a mutually exclusive (in single choice 

answers) and clear manner, avoiding overcomplicated wordings, suggestive questions or 

sequencing effects (for a detailed elaboration on questionnaire construction see for example 

Diekmann 2012 or Atteslander 2010). 
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Similar to highly structured qualitative interviews, surveys can be administered with questions 

read-out-loud, possibly during a telephone interview. Self-administered paper-based surveys 

or self-administered online questionnaires represent other possible formats. In contrast to 

qualitative interviews, quantitative surveys tend to enable the collection of many responses at 

once, possibly resulting in large and comparable data sets.  

While the data gathered by the survey is not necessarily quantitative as such – consider gender 

identity as an example – the input is quantified once data collection is finished. This 

quantification process enables a statistical analysis of the results ranging from mere 

descriptive analysis (e.g. reporting on frequencies, standard deviations and means) to 

exploratory analytical procedures (e.g. comparing the means of specific groups analytically 

each other or modelling the likelihood of choosing a specific answer based on influencing 

variables).  

While surveys should be tested themselves (e.g. using cognitive probing techniques), 

questionnaires are often used as tools for investigating the usability, user-acceptance or user 

feedback of a product or service. The standardised nature of the survey implies that all testers 

answer the same questions in the same order and hence – ideally – the same information is 

collected from each participant. As such, surveys can be used prior or after a product or 

service has been used (Burdukova 2016).  

At the level of test-user sampling questionnaires enable to select users based on specific 

criteria. A survey conducted prior to a usability test setting including user observation is 

further able to elicit first impressions of a product or service and further to provide contextual 

information necessary to interpret user acceptance and experience while testing. (Rubin and 

Chisnell 2008) 

Applied after the use of a product or service, a quantitative questionnaire possibly tabs the 

user experience gathering more information on preferences, problems with usability and 

perceived strengths and weaknesses of a product. The standardised nature of the survey 

implies that all testers answer the very same questions in the very same order and hence – 

ideally, the same information is collected from each participant in a quantified and efficient 

way (Laugwitz, Held, and Schrepp 2008; Rubin and Chisnell 2008; Diekmann 2012) 

The way the survey is designed crucially influences the reliability of the collected data – this 

applies to surveys created in the context of user acceptance as to any other questionnaire. 

Bettina Laugwitz, Theo Held and Martin Schrepp (2008) suggest to ask for concrete criteria 

instead of forcing respondents to make abstract statements or to remember small and possibly 

overlooked details of a product or service. A balanced set of previously defined user 

experience and usability items enabling to tap a wide range of possible strengths and 

weaknesses seems a promising way to validate the results afterwards (Ollermann 2004) 

In contrast to qualitative interviews, self-administered and anonymous surveys further bear 

the advantage to decrease respondents' strategies of satisficing, i.e. answering in a socially 

desirable way, exaggerating or downplaying their use patterns (Berg and Lune 2017).  
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n= 638, R2
CS =0.39 

 

1.481 (0.17)***       

1.156 (0.19)*** 0.08 0.12 0.15 2.21 3.18 4.71 

-1.173 (0.42)** -0.21 -0.12 -0.04 0.14 0.31 0.71 

0.708 (0.28)* 0.02 0.07 0.13 1.19 2.03 3.54 

0.577 (0.12)*** 0.04 0.06 0.08 1.40 1.78 2.29 

0358 (0.11)** 0.01 0.04 0.06 1.15 1.43 1.79 

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

0.383 (0.15)* 0.01 0.04 0.07 1.09 1.47 1.99 

0.978 (0.13)*** 0.08 0.10 0.13 2.08 2.66 3.46 

0.338 (0.14)* 0.01 0.04 0.06 1.07 1.40 1.85 
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(p-values are Bonferroni corrected) 

 

no significant changes between wave 1 and wave 2 identified

no significant differences by age-groups identified 

 

female<12 1.47  p<0.05 
r=0.31 

 p<0.05 
r=0.18 

61 

male<12 2.02 p<0.05 
r=0.31 

 p<0.001 
r=0.22 

 70 

female>12 1.55  p<0.001 
r=0.22 

 p<0.001 
r=0.20 

320 

male>12 1.89 p<0.05 
r=0.18 

 p<0.001 
r=0.20 

 273 

    

female 1.54  p<0.001 
r=0.22 

381 

male 1.91 p<0.001 
r=0.22 

 343 

 

no significant differences by educational strata identified   

 

        

f-low 1.51      p<0.01 
r=0.28 

46 

m-low 1.71       38 

f-med 1.52    p<0.05 
r=0.18 

 p<0.001 
r=0.34 

157 

m-med 1.82   p<0.05 
r=0.18 

 p<0.05 
r=0.17 

 145 

f-high 1.53    p<0.05 
r=0.17 

 p<0.001 
r=0.34 

162 

m-high 2.12 p<0.01 
r=0.28 

 p<0.001 
r=0.34 

 p<0.001 
r=0.34 

 135 
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wave 1 1.65 p=0.001 
r=0.12

734 

wave 2 1.75 p=0.001 
r=0.12

735 

8-11 w1 1.74  p<0.05 
r=0.25 

      132 

9-11 w2 1.97 p<0.05 
r=0.25 

      p<0.001 
r=0.25 

132 

12-14 w1 1.64    p<0.05 
r=0.20 

    221 

12-14 w2 1.77   p<0.05 
r=0.20 

    p<0.01 
r=0.19 

221 

15-17 w1 1.69         245 

15-17 w2 1.69         245 

18-20 w1 1.24         134 

18-21 w2 1.26  p<0.001 
r=0.25 

 p<0.01 
r=0.19 

    134 

 

female<12 2.14    p<0.001 
r=0.23 

61 

male<12 1.87    p<0.05 
r=0.15 

70 

female>12 1.89    p<0.001 
r=0.19 

320 

male>12 1.49 p<0.001 
r=0.23 

p<0.05 
r=0.15 

p<0.001 
r=0.19 

 273 

female w1 1.90   p<0.001 
r=0.25 

 342 

female w2 1.93    p<0.001 
r=0.17 

342 

male w1 1.39 p<0.001 
r=0.25 

  p<0.001 
r=0.20 

342 

male w2 1.57  p<0.001 
r=0.17 

p<0.001 
r=0.20 

 342 
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f-low 1.49 p<0.001 
r=0.32

46

m-low 1.11 p<0.001 
r=0.30

p<0.001 
r=0.41

p<0.001 
r=0.33

38

f-med 1.88 p<0.001 
r=0.30

p<0.01 
r=0.22

157

m-med 1.40 p<0.01 
r=0.22

p<0.001 
r=0.37

145

f-high 2.20 p<0.001 
r=0.32

p<0.001 
r=0.41

p<0.001 
r=0.37

162

m-high 1.92 p<0.001 
r=0.33

135  

 

        

low w1 1.15   p<0.01 
r=0.17 

 p<0.001 
r=0.33 

p<0.001 
r=0.32 

85 

low w2 1.32       85 

med w1 1.56 p<0.01 
r=0.17 

   p<0.001 
r=0.19 

 306 

med w2 1.63      p<0.001 
r=0.21 

306 

high w1 1.95 p<0.001 
r=0.33 

 p<0.001 
r=0.19 

  p<0.05 
r=0.14 

301 

high w2 2.07  p<0.001 
r=0.32 

 p<0.001 
r=0.21 

p<0.05 
r=0.14 

 301 
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no significant changes between wave 1 and wave 2 identified

   

9-11 2.21   p<0.001 
r=0.25 

p<0.001 
r=0.34 

133 

12-14 2.06   p<0.001 
r=0.20 

p<0.001 
r=0.28 

222 

15-17 1.54 p<0.001 
r=0.25 

p<0.001 
r=0.20 

  245 

18-21 1.33 p<0.001 
r=0.34 

p<0.001 
r=0.28 

  134 

 

female<12 2.05   p<0.05 
r=0.16 

 61 

male<12 2.36   p<0.001 
r=0.27 

 70 

female>12 1.46 p<0.05 
r=0.16 

p<0.001 
r=0.27 

 p<0.001 
r=0.19 

320 

male>12 1.96   p<0.001 
r=0.19 

 273 

    

female 1.56  p<0.001 
r=0.18 

381 

male 2.04 p<0.001 
r=0.18 

 343 

 

no significant differences by educational strata identified   

 

        

f-low 1.16  p<0.05 
r=0.34 

 p<0.05 
r=0.23 

 p<0.001 
r=0.32 

46 

m-low 2.05 p<0.05 
r=0.34 

     38 

f-med 1.56      p<0.01 
r=0.22 

157 

m-med 1.87 p<0.05 
r=0.23 

     145 

f-high 1.77       162 

m-high 2.12 p<0.001 
r=0.32 

 p<0.01 
r=0.22 

   135 
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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 

 
no significant differences by gender identified 

 

  

low 3.13  p<0.01 
r=0.16 

p<0.001 
r=0.26 

83 

medium 3.48 p<0.01 
r=0.16 

 p<0.01 
r=0.13 

304 

high 3.73 p<0.001 
r=0.26 

p<0.01 
r=0.13 

 296 

 

        

f-low 3.21      p<0.01 
r=0.29 

44 

m-low 3.04   p<0.05 
r=0.29 

 p<0.01 
r=0.25 

p<0.001 
r=0.39 

38 

f-med 3.52  p<0.05 
r=0.29 

   p<0.01 
r=0.21 

155 

m-med 3.43      p<0.001 
r=0.24 

144 

f-high 3.6  p<0.01 
r=0.25 

    160 

m-high 3.9 p<0.01 
r=0.29 

p<0.001 
r=0.39 

p<0.01 
r=0.21 

p<0.001 
r=0.24 

  133 
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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 

 

  

low 3.64   p<0.01 
r=0.16 

83 

medium 3.7   p<0.001 
r=0.16 

306 

high 3.93 p<0.01 
r=0.16 

p<0.001 
r=0.16 

 298 

 

        

f-low 3.77       44 

m-low 3.46      p<0.01 
r=0.29 

38 

f-med 3.76      p<0.01 
r=0.21 

156 

m-med 3.63      p<0.001 
r=0.28 

144 

f-high 3.79       160 

m-high 4.08  p<0.01 
r=0.29 

p<0.01 
r=0.21 

p<0.001 
r=0.28 

  134 
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no significant changes between wave 1 and wave 2 identified

   

9-11 4.23  p<0.001 
r=0.25 

p<0.001 
r=0.22 

p<0.001 
r=0.33 

121 

12-14 3.68 p<0.001 
r=0.25 

   205 

15-17 3.75 p<0.001 
r=0.22 

   220 

18-21 3.5 p<0.001 
r=0.33 

   110 

 

female<12 4.16   p<0.05 
r=0.16 

p<0.05 
r=0.18 

57 

male<12 4.3   p<0.001 
r=0.23 

p<0.001 
r=0.24 

63 

female>12 3.67 p<0.05 
r=0.16 

p<0.001 
r=0.23 

  286 

male>12 3.68 p<0.05 
r=0.18 

p<0.001 
r=0.24 

  243 

 
no significant differences by gender identified 

 

no significant differences by educational strata identified 

 

no significant differences by educational strata and gender identified 
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no significant changes between wave 1 and wave 2 identified

   

9-11 4.13   p<0.01 
r=0.17 

 127 

12-14 3.91     213 

15-17 3.84 p<0.01 
r=0.17 

   234 

18-21 3.92     121 

 

female<12 4.14    p<0.05 
r=0.18 

57 

male<12 4.1    p<0.01 
r=0.19 

69 

female>12 4.02    p<0.01 
r=0.16 

299 

male>12 3.73 p<0.05 
r=0.18 

p<0.01 
r=0.19 

p<0.01 
r=0.16 

 262 

    

female 4.04  p<0.01 
r=0.12 

356 

male 3.08 p<0.01 
r=0.12 

 331 

 

  

low 3.58   p<0.001 
r=0.26 

83 

medium 3.81   p<0.001 
r=0.20 

296 

high 4.16 p<0.001 
r=0.26 

p<0.001 
r=0.20 

 291 

 

        

f-low 3.7     p<0.05 
r=0.25 

 44 

m-low 3.45     p<0.01 
r=0.27 

p<0.01 
r=0.27 

38 

f-med 3.99    p<0.05 
r=0.20 

  151 

m-med 3.62   p<0.05 
r=0.20 

 p<0.001 
r=0.31 

p<0.001 
r=0.28 

141 

f-high 4.17 p<0.05 
r=0.25 

p<0.01 
r=0.27 

 p<0.001 
r=0.31 

  156 

m-high 4.13  p<0.01 
r=0.27 

 p<0.001 
r=0.28 

  132 



 

 

89 

 

 

 

 

 

no significant changes between wave 1 and wave 2 identified

   

9-11 3.18   p<0.01 
r=0.17 

p<0.05 
r=0.17 

133 

12-14 3.02     216 

15-17 2.74 p<0.01 
r=0.17 

   241 

18-21 2.78 p<0.05 
r=0.17 

   133 

 

female<12 3.02     60 

male<12 3.33   p<0.05 
r=0.15 

p<0.05 
r=0.17 

69 

female>12 2.88  p<0.05 
r=0.15 

  315 

male>12 2.83  p<0.05 
r=0.17 

  267 

no significant differences by gender identified 

 

  

low 2.53   p<0.001 
r=0.24 

83 

medium 2.72   p<0.001 
r=0.22 

304 

high 3.24 p<0.001 
r=0.24 

p<0.001 
r=0.22 

 296 

 

        

f-low 2.51     p<0.05 
r=0.22 

p<0.001 
r=0.30 

44 

m-low 2.54      p<0.01 
r=0.28 

38 

f-med 2.79      p<0.001 
r=0.25 

155 

m-med 2.68     p<0.01 
r=0.21 

p<0.001 
r=0.29 

144 

f-high 3.15 p<0.05 
r=0.22 

  p<0.01 
r=0.21 

  160 

m-high 3.35 p<0.001 
r=0.30 

p<0.01 
r=0.28 

p<0.001 
r=0.25 

p<0.001 
r=0.29 

  133 



 

 

90 

 

 
 

 

 

 

 

 

no significant changes between wave 1 and wave 2 identified

   

9-11 3.40  p<0.001 
r=0.23 

  130 

12-14 2.86 p<0.001 
r=0.23 

   215 

15-17 3.04     238 

18-21 3.07     133 

 

female<12 3.3     60 

male<12 3.51   p<0.05 
r=0.15 

p<0.01 
r=0.19 

69 

female>12 3.02  p<0.05 
r=0.15 

  311 

male>12 2.93  p<0.01 
r=0.19 

  267 

no significant differences by gender identified 

 

  

low 2.84   p<0.05 
r=0.13 

83 

medium 2.94   p<0.05 
r=0.12 

302 

high 3.21 p<0.05 
r=0.13 

p<0.05 
r=0.12 

 295 

 

no significant differences by educational capital and gender identified 


