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Abstract
To promote students’ value-based agency, responsible science and sustainability, science 
education must address how students think about their personal and collective futures. 
However, research has shown that young people find it difficult to fully relate to the future 
and its possibilities, and few studies have focused on the potential of science education to 
foster futures thinking and agency. We report on a project that further explored this poten-
tial by developing future-oriented science courses drawing on the field of futures studies. 
Phenomenographic analysis was used on interview data to see what changes upper-second-
ary school students saw in their futures perceptions and agentic orientations after attend-
ing a course which adapted futures thinking skills in the context of quantum computing 
and technological approaches to global problems. The results show students perceiving the 
future and technological development as more positive but also more unpredictable, seeing 
their possibilities for agency as clearer and more promising (especially by identifying with 
their peers or aspired career paths), and feeling a deeper connection to the otherwise vague 
idea of futures. Students also felt they had learned to question deterministic thinking and 
to think more creatively about their own lives as well as technological and non-technolog-
ical solutions to global problems. Both quantum physics and futures thinking opened new 
perspectives on uncertainty and probabilistic thinking. Our results provide further valida-
tion for a future-oriented approach to science education, and highlight essential synergies 
between futures thinking skills, agency, and authentic socio-scientific issues in developing 
science education for the current age.
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Introduction

’Everything goes faster and faster’ is a pervasive claim and widely shared feeling. In his 
book ’Social acceleration: A new theory of modernity,’ German sociologist Rosa (2013) 
differentiates and discusses the connections between three mutually reinforcing dimensions 
of social acceleration: technical acceleration, acceleration of social change, and accelera-
tion of the pace of life. This trend of acceleration, together with emerging global sustain-
ability crises, may explain recent empirical findings on young people’s relationship with 
the future: lack of stable future horizons can lead to hopelessness, directionless actions 
and inabilities to project oneself into the future (Cook, 2016; Cuzzocrea & Mandich, 2016; 
Rubin, 2013).

Such findings are alarming because the same issues that problematise young people’s 
perception of the future—accelerating sociotechnical change and global sustainability 
crises—also necessitate the ability to keep one’s eyes on the horizon while acting in the 
present. The United Nations’ Agenda 2030 programme calls for societal transformations 
that cannot be achieved without transgenerational thinking, responsibility and transforma-
tive agency of the young. Therefore, Education for Sustainable Development (ESD) has 
been positioned as a key instrument to achieve the sustainable development goals (Unesco, 
2017), requiring fundamental rethinking of values, aims and pedagogies of all education 
(Lotz-Sisitka et al., 2015). This development has contributed to the evolvement of research 
and practice on science and technology education: taking responsible action and contribut-
ing to change have been taken up as important aims of school science (European Commis-
sion, 2015; Hodson, 2003; OECD, 2018). Science education should prepare students not 
only to understand the role of science and informed decision-making in society but also to 
question societal choices on the basis of ethical consideration and to take action to bring 
about desirable change (Bencze et al., 2012; Hodson, 2011; Sjöström et al., 2017). In other 
words, emphasis is given to (transformative) agency, i.e. the capacity for intentional (trans-
formative) action (Emirbayer & Mische, 1998).

To increase such societal relevance of science education, socio-scientific issues (SSI; 
Zeidler, 2014) have gained ground in science curricula worldwide. SSIs have proven suc-
cessful in critically addressing the complex connections between science, technology, 
society and environment (STSE). Yet, typical forms of SSI and STSE teaching have been 
criticised as being superficial and thus ineffective in supporting the transformations needed 
both on the individual and societal level due to global sustainability issues (Hodson, 2011).

Our approach for addressing these concerns in science education is to draw on the con-
cepts and methods of the field of futures studies (e.g. Ahvenharju et al., 2018; Lombardo, 
2016; Rubin, 2013). This interdisciplinary field investigates trends, patterns and causes of 
change and stability in order to develop foresight and create future scenarios. From this 
field we borrow the notions of ’futures thinking’ and ’perception of the future’ (see Lev-
rini et al., 2021). These notions typically refer to abilities of disengaging from determin-
istic future views, understanding the plurality of futures and identifying and questioning 
assumptions to develop alternative scenarios (see e.g. Bishop et al., 2007; Börjeson et al., 
2006; Voros, 2003). In this paper we argue that different types of perceptions of the future 
and ways of futures thinking deeply influence one’s agency.

As promoting sustainability by fostering transformative agency is considered a cen-
tral objective of science education, and science and technology are typical ingredients in 
young people’s dystopian views (Carter & Smith, 2003) as well as hopes of sustainable 
futures (Cook, 2016; Lloyd & Wallace, 2004), there are great demands and opportunities to 
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elaborate futures thinking specifically in science classrooms. However, pedagogies inspired 
by futures studies have not been adapted in science education until a few initiatives in the 
recent years (Branchetti et al., 2018; Jones et al., 2012; Levrini et al., 2019, 2021; Lloyd & 
Wallace, 2004; Paige & Lloyd, 2016; Tasquier et al., 2019). The present study originates 
from one of them: the EU-funded project I SEE. This article especially complements the 
conceptualisations of Levrini et al. (2021): while based on similar starting points in both 
context and theoretical foundations, our specific focus is relating futures thinking (and by 
extension, ‘future-scaffolding skills’ as formulated by Levrini et al.) to perceptions of tech-
nology and agency. In addition, we have aimed to illustrate how future-oriented ways of 
teaching science apply to topics outside the immediately relevant case of environmental 
sustainability issues.

To be precise, the aim of the present study was to further explore the potential of sci-
ence education to foster students’ futures thinking and agency by investigating how stu-
dents experienced a novel course combining the basics of quantum computing and futures 
thinking; particularly its influence on their futures perception and agentic orientations. The 
study examined the following research questions:

After participating in a course adapting ways of thinking from  futures studies in the 
context of quantum computing, what kind of changes did the students see in their:

(1) Perception of the future and agency in general?
(2) Perception of the future and agency in relation to science and technology?

Before reporting on the course and the explorative research carried out, we lay the theo-
retical background by discussing literature on young people’s futures thinking and its con-
nections to their agency. We then discuss these issues within the context of science and 
technology.

Background

Futures thinking and agency

Concerns about the difficulties modern-day people have in imagining the future are not 
new. Already in the 1990s literature showed alarming signs of disintegration of identities 
due to individuals’ changing relationships with time (Sennett, 1998). More recently, Euro-
barometer surveys (e.g. Eurobarometer, 2015) have shown shortages in young people’s 
imagination and abilities to project themselves into the future. These worries have been 
addressed in the fields of futures studies and youth studies, where a number of publications 
have investigated in depth how young people perceive their own future and the future in 
general.

Several studies analysing young people’s writings on the future (e.g. Angheloiu et al., 
2020; Cuzzocrea & Mandich, 2016) have shown both pessimistic and optimistic views. 
A common finding has been a duality in futures thinking of the young: personal futures 
may be seen as positive and in one’s own hands, but national and especially global 
futures as gloomy and out of one’s influence (Cook, 2016; Rubin, 2013). This resembles 
the ’two-track thinking’ (Threadgold, 2012) observed in the context of the climate cri-
sis, in which personal futures are conceived unconnected from global long-term futures. 
Such tendency has been understood as a psychological coping strategy against the fears 
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and anxiety associated with the long-term future, and especially global ecological crises 
(Ojala, 2012). Such hopelessness could be manifestly consequential: in fact, it has been 
argued that sustainability crises can be attributed to ‘a lack of imagination, rather than 
awareness’ (Angheloiu et al., 2020, p. 1).

Perceptions of the future, brought out by the above-mentioned studies, not only man-
ifest an individual’s relationship with the future but also guide and motivate choices 
and actions in the present (Ahvenharju et al., 2018; Lombardo, 2016; Lyon & Carabelli, 
2016; Rubin, 2013). Research has shown how positive images of the future and a per-
spective of hope strongly connect to seeing new possibilities (Lombardo, 2016; Ojala, 
2012). Focusing on threats and negative images of the future, by contrast, narrows down 
thinking and restricts the number of possibilities perceived. This may lead to ‘coloniza-
tion of the future’ (Masini, 1993, p. 8), i.e. the unquestioned future narratives are con-
firmed as ‘reality’ (Facer, 2012; Hutchinson, 1996). Empowering students thus relates 
to making schools ‘places of learning to reimagine the world instead of reinforcing it as-
it-is’, where students are equipped to ‘face inevitable future uncertainty’ (Tomin, 2020, 
pp. 2–3).

Indeed, scholars in futures studies stress that communities and individuals can cultivate 
their futures thinking, and several methods for that have been developed (Bishop et  al., 
2007; Börjeson et al., 2006). Furthermore, a growing body of theoretical literature is bridg-
ing such methods or related concepts into education (e.g. Häggström & Schmidt, 2021). 
By practising the building of alternative scenarios one can develop future consciousness 
(Ahvenharju et  al., 2018; Lombardo, 2016) and one’s preparedness for various futures. 
Understanding the plurality of futures enables seeing alternatives and opportunities to 
influence the future (Lloyd & Wallace, 2004; Lyon & Carabelli, 2016), as does disengag-
ing from individual-centric thinking (Angheloiu et al., 2020). In “Context and method”, we 
will describe how these methods were adapted in the teaching–learning module which is 
the context of the present study.

Such opportunities to develop futures thinking appear immediately relevant in regard 
to agency, which has been promoted as an educational objective, both generally (OECD, 
2018; Unesco, 2017) and specifically in science education (European Commission, 2015; 
Hodson, 2003), in order to enhance active and responsible participation in a complex and 
uncertain world. Agency connects strongly to futures thinking since ’agency involves the 
idea of projection and implies anticipation’ (Cuzzocrea & Mandich, 2016, p. 553); our 
dreams, hopes and thoughts about the future have an impact on how we act in the present 
(Lombardo, 2016; Lyon & Carabelli, 2016; Ojala, 2012).

The concept of agency has various interpretations, but it is common in social science 
to define it as the capacity for autonomous social action during which people intentionally 
transform their social and material worlds (e.g. Biesta & Tedder, 2007; Emirbayer & Mis-
che, 1998). The present study provides a temporal perspective on this: how do the young 
perceive the interplay between their agency and surrounding structures of the future?

In their seminal work, Emirbayer and Mische (1998) depicted agency as consisting of 
three dimensions: iterational, practical-evaluative and projective. The projective dimen-
sion of agency acts as a link between futures thinking and transformative agency, as it 
denotes the ability to imagine alternatives by distancing oneself or breaking free from con-
straining schemas, habits and traditions (which govern the iterational dimension of agency) 
(Emirbayer & Mische, 1998). These can be mapped onto the futures thinking terminology 
of probable, possible and preferable futures (e.g. Börjeson et al., 2006): similarly to prefer-
able futures, the projective dimension of agency is based on actors’ goals, hopes, fears and 
aspirations. This is the basis of the futures thinking skills of visioning the future and the 
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backcasting method (Bishop et al., 2007; Robinson, 1990), widely used in futures studies 
and applied in the project reported here.

This connection of futures thinking to the temporal dimensions of agency, recently also 
studied in the context of teacher education (Varpanen et al., 2021), motivates the research 
approach employed here. Furthermore, agency is often considered not only an individu-
al’s but also a community’s capacity (e.g. Hoffmann & Rainio, 2007). In the approach of 
the project reported here, we focused on the development of students’ individual takes on 
futures and agency, but also investigated the social aspects related to agency and its rela-
tionship with surrounding structures.

Role of science and technology in futures

Conceptions of the future can hardly be discussed without addressing the role of technol-
ogy in shaping our world. Accordingly, in futures studies technology has long been con-
sidered a central cause of systemic change, and conversely future expectations and percep-
tions of risk have been recognised as factors that steer technological change, knowledge 
production and educational goals (Borup et al., 2006).

The association of technology and future is certainly not unique to academia: accord-
ing to a 2016 Finnish Youth Barometer (Myllyniemi, 2017), the claim ‘Technology will 
have a stronger role in our lives a decade from now’, is strongly or quite strongly agreed 
on by 88% of Finnish 15 to 29-year-olds, making it the most agreed-upon future claim in 
the study. Given the current sustainability crises, and the prevalence of both dystopian and 
utopian future narratives popularised by science fiction or envisioned by expert futurists, it 
is not surprising that research has shown that the majority of students’ fears and determin-
istic, utopian and dystopian future views are connected to science and technology (Carter 
& Smith, 2003). Science and technology also relate in a variety of ways to young peo-
ple’s hopes and dreams about sustainable futures (Cook, 2016; Lloyd & Wallace, 2004). In 
Cook’s (2016, p. 517) words, ‘for young adults technological development can represent a 
refuge of faith and hope for the future’. Future-oriented science education could, therefore, 
help support students’ evaluations of both promises and perils of science and technology in 
regard to environment and society. In addition, the formation of new technologies provides 
a context for discussing authentic science (Kapon et  al., 2018) with open questions and 
possibilities for creativity as well as ‘ownership’ of emerging technology (Facer, 2012).

Generally speaking, perceptions of technology and the processes that give rise to it dif-
fer in the extent to which they permit human influence. In other words, just as views of the 
future, views of technology may be more or less deterministic. Discourses of technologi-
cal determinism, which have been subjected to much criticism after the 1960s, are centred 
around the belief that technology develops along certain ‘steps’ which are predetermined 
by possibility rather than directed according to social and human interests (Bauchspies 
et al., 2006).

A number of conceptualisations of nondeterministic approaches to understanding tech-
nology have been proposed, one of which is Bijker’s (2001) constructivist view. Bijker’s 
model of ‘social construction of technology’ (SCOT) counterpoints the deterministic per-
spective with more nuanced and complex interactions between society and technology, 
attempting to contextualise technological discourses as constructivist and democratic (see 
also Hodson, 2003).

Agency is thus inherently present in the SCOT perspective: technology may take a mul-
titude of paths because development, adoption and social shaping of technology happen 
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in a technical, cultural and political interaction. Contrasting with strictly techno-dystopian 
and techno-utopian future horizons, nondeterministic views of technology imply the exist-
ence of multiple possible futures and the necessity of identifying preferable futures and 
acting accordingly, promoting reflective practice.

Thus, in future-oriented education such nondeterministic perspectives are desirable: 
they could link school science to the possibility of influencing the world in a value-based 
way rather than merely contributing to a preset trajectory of technological development. 
Optimally, mirroring the new aims of science education (see “Introduction”), technology 
could transform from a ‘refuge of hope’ to a platform of projective agency.

Finally we note that, following the line of reasoning of Hodson (2011) among others, 
a strict differentiation of technology and science can be problematic. This is especially 
clear in the case of future-oriented education, where, e.g., envisioned technologies may 
imply great advances in scientific knowledge. In contrast to the related convention of talk-
ing about ‘science fiction’ rather than ‘technology fiction’, we have opted to emphasise 
technology.

Context and method

Context of the study

To test an educational approach to fostering students’ capacities to imagine the future and 
to take an active role in it in the context of a contemporary science topic, we developed an 
experimental teaching–learning module called ‘Quantum computers and the future of ICT’ 
(Palmgren et al., 2019). This module was designed and implemented under the European 
Erasmus + project ‘I SEE’ (2016–2019) that examined ways of bridging futures studies to 
science education and implementing future-oriented activities in science classes (Bran-
chetti et al., 2018; Levrini et al., 2021; Tasquier et al., 2018).

The I SEE project was formed by a strategic partnership among eight partners from four 
European countries (Italy, Finland, Iceland, and the United Kingdom), and its main goal 
was to address the issues in science education posed by global unsustainability, the uncer-
tainty of the future, and sociotechnical acceleration (Rosa, 2013). To this end, four teach-
ing–learning modules were developed, in which future-oriented thinking was connected to 
current socio-scientific issues. The module discussed in the present article was developed 
by us, the Finnish partners, and implemented twice in Finland and once in Italy. The topics 
of the other three modules were artificial intelligence, carbon sequestration, and climate 
change. Further information on the project and all module materials are available at https:// 
iseep roject. eu. A study focusing on the development of future-scaffolding skills during the 
climate change module has been previously published (Levrini et al., 2021).

Each module developed in the project had different emphases and methods for practising 
futures thinking. Specific to the module analysed in this article was the emphasis on exer-
cises on systems thinking and scenario building techniques as described in the following. 
Moreover, the central scientific topic of each module provided some unique opportunities 
in terms of conceptual and procedural science knowledge. Thus, another aspect specific to 
the quantum computing module—which is the context of the present study—was emphasis 
given to the concepts of spin and quantum superposition, with time allotted to learning 
the meaning of the concepts and making some basic calculations. The topic of quantum 
computing provided logical continuity from purely scientific knowledge accessible at the 

https://iseeproject.eu
https://iseeproject.eu
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upper-secondary level to emerging technologies and to future possibilities of these tech-
nologies. The scientific topic of the module also tapped into a fruitful synergy in lines of 
reasoning between quantum physics and futures thinking: both domains require and open 
up new perspectives on uncertainty and probabilistic thinking.

The data for the present study come from the first module implementation in 2018 
in Helsinki, Finland. The module was implemented as an extra-curricular course and it 
consisted of two subsequent weekends and one evening session. Altogether the length of 
the course was ca. 20  h. Participants of the course were sought through upper-second-
ary schools with a STEM specialisation located in the Helsinki region. Based on enrol-
ment order, 22 participants (10 females and 12 males) with ages between 16 and 19 were 
selected. The course was free of charge for the participants and they were able to include 
it in their upper-secondary diploma as an optional physics course, assuming their school 
approved the course. The same students were allowed to participate in the 2019 implemen-
tation of the artificial intelligence module, but they were not required to do so.

Before the course started, students wrote a short essay describing what they imagine life 
is like in 2035. These essays were later revised as a homework exercise. The first course 
weekend started with an overview lecture introducing the evolution of ICT (information 
and communication technology) and computing power throughout history, speculating on 
their possible future development, and guiding students to contemplate the role of technol-
ogy in changing the society and working life. One aim of this discussion was to help stu-
dents to identify their current conceptions on the relationship between technology and soci-
ety. Another aim was to lead students to realise how the then-current technology has shaped 
the way classical computers use two states (bits) to express information. This technological 
discussion aimed to bridge the past and present, and lead students’ thinking towards pos-
sible technological futures. The knowledge of the binary way to represent information was 
then expanded to simple logic operations and more complicated algorithms.

The historical perspective was utilised also in another activity in which, using old docu-
mentaries and movie clips, it was demonstrated how rapid the technological development 
of the last few decades has been and that these changes have had wide effects on the whole 
of society. The intention was to encourage students to consider the implications of techno-
logical developments for their futures.

A common thread of the course was provided by the projects students worked on in 
small groups starting from the first day of the course. This activity was spread out through-
out the whole module, so that students could put their newly acquired knowledge and skills 
into practice right away. At first, they were asked to choose a personally relevant and inter-
esting socio-scientific problem to be solved. The teachers of the course formed the small 
groups based on the problems students had chosen. The groups were encouraged to choose 
a topic that could in some way involve quantum computing and/or ICT. Yet, through dis-
cussion it was immediately noted that any complex issue in modern societies involves a 
technological element, and students did not have to choose a problem that is primarily 
technological.

As the first weekend progressed, students studied their chosen problems as part of a 
complex system, involving multiple different dimensions, such as social, ethical, scientific, 
environmental and professional. The students were also introduced to some basic ideas of 
futures studies and creative thinking. Different ways to think about futures were discussed 
and some historical predictions for technological futures were reviewed. In these activi-
ties, it was shown how even experts struggle in predicting the future, why rigid and formal 
ways of thinking often lead to bad predictions, and that when predicting the future, we 
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need to use our imagination and question our assumptions. In order to facilitate more open-
minded futures thinking and showcase opportunities for action, students familiarised them-
selves with the idea of the plurality of futures. To illustrate the point, the ‘Futures Cone’ 
(Voros, 2003) was introduced. By continuously coming back to the group project, the mod-
ule attempted to lead students to realise their own potential in taking action to change the 
future, thus developing ownership of their own future.

During the second course weekend, students were introduced to the central concepts 
of quantum mechanics, such as spin, superposition and entanglement. Stepping into the 
quantum realm, they were encouraged to abandon the classical way of thinking and move 
from causal logic to making probabilistic predictions. After the introduction of the basic 
concepts, they were guided to make a shift also in computing paradigms and replace bits 
with qubits (i.e. quantum bits) in expressing information.

The introduction to quantum computing was followed by learning quantum logic gates 
and simple quantum algorithms. These lessons demonstrated the limits of classical com-
puters in simulating complex systems and showcased new possibilities offered by quantum 
computers. The explanation of their superior computing power and ability to run complex 
simulations was linked to the quantum properties previously introduced. Quantum comput-
ers were discussed as a new, emerging technology, the possibilities of which are not yet 
fully realised or even known. This offered an opportunity for students to examine authentic 
future technology and be in the forefront of learning about it. In order to make quantum 
computers more tangible, students were guided to use a real quantum processor by IBM 
that is publicly available over the internet.

Continuing the group work, students were introduced to practical tools for mapping 
problems and thinking about systems. The broader aim of the activity was to offer students 
new means of thinking about futures in a changing and complex world, and to support 
their feeling of agency in their lives. To find more creative ways of thinking about futures, 
students practised scenario development techniques and imagined several different trajecto-
ries of how their chosen problem might evolve with the surrounding society. Students were 
guided to employ, by turns, three fundamentally different types of thinking methods com-
monly used in futures studies: probable, possible and preferable futures (Börjeson et al., 
2006). During all these methods, the groups were asked to consider the whole system they 
had built around their chosen problem using systems thinking. When generating probable 
futures, students extrapolated the current trends in order to anticipate how the future is 
likely to be if the present-day assumptions remain. Possible futures (what could be) were 
created by questioning those assumptions and by searching for alternatives and opportuni-
ties for influence using “what if”—thinking. In the last scenario building exercise, students 
imagined preferable futures (what should be) by visioning, starting off from their own val-
ues, hopes and dreams. They leaped into a future where their problem has been solved, 
imagined themselves in that future and contemplated what else has changed in the system.

In the final exercise of the course, the students created a route to the future where their 
problem has been solved. This exercise employed the backcasting technique (see e.g. 
Bishop et al., 2007; Robinson, 1990), i.e. going step-by-step backwards from the preferable 
future to the present, pinning down what phases and obstacles were encountered along the 
way and how they were overcome. In this process, students were asked to imagine them-
selves as active participants in the changes through which the desirable future was reached. 
The aim of this activity was to support students’ imagination and empower them to take an 
active role in influencing their personal as well as global futures.

During the final ‘evening session’ of the course, groups presented their solutions to 
the chosen socio-scientific problems and the roles of different stakeholders, including the 
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students themselves, in making these changes happen. The presentations, all ‘success sto-
ries’ told in past tense, dealt with the colonisation of Mars, genetic engineering, sustainable 
energy, recycling, cyber security, and the pensions crisis. All the topics dealt in part with 
ICT based solutions and many groups included applications of quantum computing in their 
narratives. After the presentations, the student groups received feedback from the teachers 
and the topics were discussed together before closing the course.

A more detailed description of the module and all the teaching materials are provided in 
Palmgren et al. (2019).

Data collection and analysis

To investigate students’ perceptions on their futures thinking and its development during 
the course, we carried out individual, semi-structured, in-depth interviews approximately 
a week after the end of the course. Due to the explorative nature of the study, the interview 
questions were designed to make students consider the course and express their perceptions 
from a variety of viewpoints. The first part of the interview reviewed the course as a whole, 
while the second part focused on futures thinking. In this part, the students were also asked 
about the essay they had first written before the course and later revised as homework. 
Some final questions addressed students’ willingness to pursue STEM careers and what 
they thought about the role of quantum computers in the future. (For more details, see the 
interview protocol in Appendix 1.) Students were also asked to solve a conceptual quantum 
physics problem—this confirmed that all students achieved sufficient knowledge of quan-
tum concepts considering the short duration of the course.

All 22 students were interviewed individually and the interviews were audio-recorded. How-
ever, one interview was omitted from analysis due to being incomplete. All other data were 
transcribed with student names replaced with pseudonyms for the analysis phase. All these stu-
dents (or with underage students, also their guardian) gave a written consent to participate.

To focus on students’ own sense-making of changes they themselves perceived in their 
thinking, we employed phenomenographic analysis (Marton, 1981) on the interview tran-
scripts. Following Marton’s conceptualisation, phenomenography is explicitly about how 
something is experienced rather than what it is, thus mirroring our second-order research 
focus (i.e. students’ perceptions of changes in their thinking).

We began our analysis by finding passages that could be interpreted as self-reported 
changes in students’ perceptions over the course. Typically these were passages that explic-
itly referred to, or answers to questions that referred to changes of thinking, but e.g. refer-
ences to course materials were also considered. To illustrate this process, we present two 
brief passages that we will return to later. Note in the first passage how Henry does not 
explicitly state that his thinking has changed, but it is implied by recapitulating ideas from 
the course. Meanwhile, the passage from Ellen directly addresses a change in one’s think-
ing (‘taught’, ‘develop’).

Interviewer: What tools or skills or concepts related to futures thinking, if any, did 
you learn over the course?
Henry: [...] Well, I can remember really well that image with one present and many 
futures and then there’s the plausible and preferable. And especially the whole idea 
of there actually being an infinite number of futures.
Ellen: Scenario thinking [...] was kind of the same as when we looked at the [quan-
tum logic] gates, you had to be open to even the really illogical options. So, they both 
kind of taught, helped develop a kind of creative thinking.



434 T. Rasa et al.

1 3

The database formed this way was scrutinised by two researchers, with irrelevant passages 
omitted. We then began coding these passages with broad descriptive phrases. After com-
pleting this phase, passages were discussed to find stable patterns to form more specific 
coding. These patterns, such as the plurality of futures and creative thinking (see the two 
examples above) were then turned into analysable themes, with all three authors negoti-
ating to create a codebook that was used to check each passage against coding criteria. 
The formation of the themes was guided by the research questions and the above-referred 
literature on young people’s perceptions of futures and agency in general, and perceptions 
regarding science and technology in particular. Thereby, the process formed a combination 
of inductive and deductive approaches, typical for qualitative content analysis (Braun & 
Clarke, 2006). While coding the passages, the themes and their descriptions were itera-
tively elaborated in close interaction between the three authors. This process resulted in 
our final 16 themes (see Table 1), after we opted to omit themes occurring in less than five 
interviews.

To structure the presentation of the 16 themes in our “Results” section, the themes 
were grouped into categories. Six such categories were formed, corresponding to different 
aspects of our research questions, with four and two categories linking to the first and sec-
ond research question respectively.

As this process also identified redundancies and ill-defined themes, the three researchers 
negotiated the interpretations until a shared understanding was reached regarding both the 
themes emerging from the data in general and the coding of each individual passage. Pas-
sages rich in nuance could be attributed to multiple themes. The resulting themes and cate-
gories still share overlapping qualities, which we will point out explicitly or by interpreting 
one quotation under multiple themes. Similarly, we have attempted to provide rationale for 
the formation of some themes by discussing illustrative quotations in closer detail. Finally, 
pseudonyms and exemplary quotes were translated into English.

Results

An overview of the results of our analysis is shown in Table 1. The table presents all 16 
themes identified in the content analysis. Each theme has been given a descriptive name, 
grouped into categories of 2–3 themes under both research questions, and the prevalence of 
the theme (i.e. in what percentage of the 21 interviews the theme was identified) is shown.

General perception of the future

This category consists of three themes related to self-reported changes in students’ concep-
tions about the future on a broad level: seeing the future as more positive, unpredictable or 
meaningful. A frequently identified theme is 1A More optimistic or hopeful outlook on the 
future (52%), in which students compare their pre-course and current views and find either 
a generally more optimistic outlook or mitigation of their previous fears and worries. An 
example comes from Samuel:

There were so many people, like smart and nice people, so I thought that since they 
have all these good ideas and if they really put them into practice, maybe the world 
could become a better place. So, it gave me like a positive feeling.
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Characteristically for this theme, we note that a change in one’s general feeling may come 
through an experiential process. For Samuel, it seems to be the experience of working 
together with other students and imagining positive outcomes that has given him more 
hope. This connection of hope, agency and peers is further explored through theme 4B. 
Another connected theme is 2B: for some students, positivity emerged in the construction 
of alternative scenarios, and reasoning that one’s worries would be shared by others. As 
one student said about his fears for the future, ‘if things start changing in some direction, 
then probably people start to notice’.

Some students reported changes in their thinking regarding the unpredictability of the 
future. Indeed, thinking about pluralistic futures (see category 2) is inherently linked to 
thinking about uncertainty. This theme, 1B Future perceived as more unpredictable (24%), 
is captured in this quotation from Nora:

It’s like I feel that I know even less, I mean in a good way, not like I felt before like I 
really know, but now I’m even more like, anything can happen.

The feeling that ‘anything can happen’ repeats in the data, which might be attributed to the 
course encouraging students to consider multiple possible scenarios and drawing attention 
to the accelerating pace of social and technological change. In fact, some students com-
mented that they used to think the world would not radically change anymore, but that past 
decades show that especially sociotechnical changes are fast and hard to predict.

While some students found an open-ended future distressing, some expressed surprise 
at feeling at peace with unpredictability, perhaps even finding it liberating or relieving (see 
also theme 2B). For example, Ellen outlines a change in her ‘general readiness’ to cope 
with uncertainty. She herself describes this as a qualitative, outside-the-box change in her 
thinking:

If I thought about the future or tried to predict it, it was like hit-or-miss, but now it 
feels much more certain [...] like it doesn’t matter if what I predicted is what actually 
happens, just the fact that I have thought about it helps me prepare for whatever it is 
that comes. So I feel I kind of learned a new way of thinking, like a different process.

Relatedly, the theme 1C Own connection to the future perceived as stronger or clearer 
(48%) contains various kinds of expressions related to perceptions of the proximity, rel-
evance or ‘realness’ of futures:

[...] of course I think about the future occasionally, but I don’t know if I automati-
cally think of, like you know a sort of creative future? Maybe my thinking is more 
slave-like in a way, I think about things from the future perspective but not necessar-
ily about what really happens in the future. (Henry)
Maybe I now think more about what I really want, how I want my life to be and how 
I could get there, and it’s no longer so foggy and absurd to think about the whole 
thing. That there will be a day I’ll actually be 35 or 36 [...] it feels weird. (Vivian)

In our view, such excerpts relate to one’s relationship with thinking about futures. One’s 
future can be seen in a ‘slave-like’ manner, where it is always afar in the distance, relaying 
demands for the present. Seeing the future as a more fully-formed world that one will come 
to exist in, not only a symbol of responsibility for one’s actions in the present, is what we 
might call ‘inhabiting’ the future. Vivian, in her quotation, ‘inhabits’ her future in a very 
explicit way, projecting herself into it. Similarly to Vivian, other students expressed new-
found motivation about futures thinking, usually finding meaning in this activity through 
dreams and aspirations.
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Broadened perception of the future; pluralised futures

The second category consists of three themes connected to taking steps from a one-
dimensional, uncomplicated futures view towards a broader, pluralised perspective. 
While related to perceptions of unpredictability, this category focuses on questioning 
one’s assumptions about futures. The theme 2A Generally broadening or pluralising 
perception of the future (76%) contains unspecific notions to this end, such as ‘it’s not 
just two or three alternatives that can happen’. Many students called back to how the 
plurality of futures was discussed during the course (the ‘Futures Cone’ visualisation—
see Voros, 2003):

Well, I can remember really well that image with one present and many futures 
and then there’s the plausible and preferable. And especially the whole idea of 
there actually being an infinite number of futures. (Henry)

Other students made similar comments regarding the ‘number’ of futures and the limita-
tions of black-and-white thinking.

We also identified two more specific themes related to the pluralisation of futures. 
One of these is 2B Fears questioned as futures become more open or pluralised (33%). 
This sense of relief that may come from stepping out of inflexible narratives is summa-
rised by the following excerpt:

I think the most important lesson was that it’s worthwhile to think about different 
alternatives and sort of widen your perspective and not just think about that worst-
case scenario that’s on the news [...] but also think really wild thoughts about what 
could happen. (Aaron)

Here, Aaron is contrasting a wider perspective with what he sees as a more limited nar-
rative offered to him by the surrounding culture. Relatedly, many students addressed 
the apparent paradox that open-endedness appears as a positive rather than distressing 
factor. Nora, whose notion that ‘anything can happen’ we quoted earlier, continued with 
the following remark:

[...] so of course there is uncertainty, there are also maybe more negative possi-
bilities than I used to think, but [...] solutions can be found anywhere too.

We would be curious to know what causes this bias towards optimism when futures 
are pluralised. In our view, it might be related to the belief that from a wider range of 
positive and negative possibilities, some positive one is likely to be found and actualised 
through human planning and action.

Another specific theme related to widened perspectives on the future is 2C Deter-
ministic thought patterns questioned (29%). Some students reflected on their previously 
held views that we might classify as deterministic. A clear comparison with plurality is 
provided by Aaron:

[...] maybe previously I thought that there’s no use thinking about the future 
because it will come eventually and there’s nothing you can do about it. But 
maybe I now think like it might be useful [and] interesting to think about different 
scenarios.

In addition to questioning the futility of thinking about the future or trying to make a 
difference, students noted that even the most probable future is not bound to happen.
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Improved futures thinking skills

In this category, we grouped three closely linked themes focusing on perceived changes 
in the skills and mindset one employs in navigating the abstract nature of futures think-
ing. The theme 3A New ways or motivation for open, creative and critical way of think-
ing (71%) is marked by students feeling they have learned or found new inspiration to 
think more creatively. One student said she wanted to learn how to not ‘get stuck with 
what currently seems possible’, while another felt he learned to see interesting possibili-
ties. A third student, Ellen, used an interesting analogy to explain her thinking:

Scenario thinking [...] was kind of the same as when we looked at the [quantum 
logic] gates, you had to be open to even the really illogical options. So, they both 
kind of taught, helped develop a kind of creative thinking.

We recognise that certain intellectual courage needed for open-ended thinking is pre-
sent in various aspects of the module—both in future-oriented and conceptual activities. 
Ellen found new tools and confidence for abstract thinking by this analogy with quantum 
computing and by working on tasks that explicitly encouraged openness to possibilities. 
Other students reflected on the permission to ’break rules’, systematically questioning 
assumptions, or ’finding the middle ground between crazy and not-so-crazy ideas’.

We also identified recurring reflections on the usefulness of thinking tools discussed 
and workshopped during the course. These excerpts were coded 3B New futures think-
ing skills (e.g. scenario building, backcasting) systematise one’s thinking (76%), pro-
viding a rather straightforward relationship between lesson content and self-reported 
changes of perception. Based on the data, the method of backcasting (see “Context and 
method”) seems to have left a lasting impression. As we have noted, the ’Futures Cone’ 
was seen as a useful tool in understanding the probabilistic nature of predicting futures. 
Some students commented that they did not previously have a (structured) way to think 
about futures, and that the concept of such tools in itself was illuminating:

I have a more concrete idea that there are these tools, even concrete tools for think-
ing of the future. [...] This perception of futures thinking was completely new to 
me before this course, so well, it did affect me very much in that sense. (Marcus)

We also identified students reporting changes in the thinking tools they use in relat-
ing their personal future to global future trajectories. This theme, 3C Applying futures 
thinking skills to one’s own futures, or connecting between collective futures and one’s 
own life (52%), is characterised well by Alexander:

[I learned] to keep in mind that, like many different things involve many risks of 
what can happen, and that it’s hard to make any really long-term plans for your 
own life even. Because something even really unusual might happen.

This quotation was coded under this theme based on the idea that Alexander has come to 
think of his own life path as similarly open-ended and hard to predict, possibly because 
the surrounding world influences his own future, or possibly simply by analogy.

Additionally, students reflected that their futures thinking used to be myopically con-
fined to the ’next step’ (what to do after graduating), but now they made connections to 
sociotechnical trends (for an example, see Joel’s quotation in theme 5C) or the useful-
ness of thinking about aspects of the future that are not immediately relevant. These 
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students thus addressed the challenge of ’two-track thinking’ (see “Futures thinking and 
agency”), while taking steps towards ‘inhabiting the future’.

General perception of agency

This category deals with perceptions connected to agency, especially one’s own (see 
“Futures thinking and agency”). We identified three themes, each in some way address-
ing the connection of agentic orientation to futures thinking, collaborative experiences or 
imagining one’s own future.

The theme 4A Imagining preferable futures creates possibilities for agency (43%) is 
related to making goal-oriented choices. Essential for this category is students expressing 
that imagination prompts action or specifically projective agency: values rather than short-
term evaluation inspire one’s agency. Some students, like Lydia, exemplify this theme in 
referring to the method of backcasting:

I’d just always thought that you go with ’small steps’ going forward, but if you start 
from there in the perfect image, it’s really good to start from there and like, how you 
get there.

While the idea of backcasting seemed to be at the forefront of students’ recollections of 
the course, this theme is also present in technological scenarios students discussed during 
the interviews (see themes 5A–5B) and reflections on the connection between agency and 
imagination, such as the following quote from Vivian:

[The course] emphasised that we really can influence things and it’s worthwhile to 
think about in advance, about what will happen. But yeah, maybe it has affected my, 
like given an empowering kind of perspective on it.

Interestingly, students’ reflections attribute agency in different ways. While we are here 
mainly concerned with students’ agency (rather than their beliefs on who else has agency), 
interviewed students also considered the agency of larger communities they are part of. 
The idea that one has agency through some larger entity is the focus of the theme 4B Peers, 
cooperation and communities support agency or agentic identity (33%).

In this theme we see students clearly identifying with value-based, projective agency: ‘I 
got this feeling doing the group project, like our group could really have influence on this.’ 
However, a recurring perspective in students’ reflections is that one person is not enough to 
bring about desired changes. As Ellen said when explaining her data security concerns: ‘I 
could not make all this happen by myself, it would take a lot more people and time’.

Another pattern we recognised is attributing agency to one’s own generation as one that 
will come to facilitate positive changes. For many students, working together on plans to 
positively influence the world and discussing large-scale issues was a source of hope (see 
theme 1A):

[We were] a group of young people, trying to solve these problems, so maybe not 
all of them are so dumb, so [laughs], maybe that [positive] perspective is becoming 
stronger. (Joanna)

In seeing their generation as more informed and willing to act, students seemed to chal-
lenge the dissonance between their values and their perceptions of societal trends:
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A new generation is coming in [...] people of the same age usually have the same 
opinion about things. So I noticed how good the ideas they had were and how posi-
tively they thought about slowing down climate change [...] I think it’s really positive 
compared to like twenty or thirty years ago. (Oscar)

As students phrased this positive sense of ‘generational community’ as a new addition to 
their futures views, we get the sense that they have previously felt relatively alone with 
their hopes and worries. One student even said he used to think there is no point in trying 
to mitigate environmental harm, but since there are ’like-minded people’, he now considers 
it worthwhile.

Role of science and technology in perceived futures

This category consists of three themes regarding the extent, desirability and predictabil-
ity of technological change. An increased emphasis on the importance of technology (or 
specifically quantum computing) is the focus of the theme 5A Technology seen as more 
impactful and important (33%).

For example, when asked about how he sees quantum computing’s possible influence, 
Samuel said it ‘basically will revolutionise the world […] it might improve things or make 
them worse, you never know’. Some students shared the perception of such an upcoming 
revolution. For some students, what changed their perspective was considering the last few 
decades of technological development or the experience of studying up-and-coming tech-
nologies and imagining near-term sociotechnical futures.

Considering technology a more important factor in shaping the world urged many stu-
dents to also consider the pros and cons of emerging technologies. Students mostly saw 
technology as a neutral or generally positive force, and the theme 5B Role of technology 
seen as more positive (33%) occurs often enough to warrant analysis. For Lydia, technol-
ogy now appeared more positive because she saw its potential to address more diverse and 
meaningful human needs:

I don’t think so negatively of technology, it’s like, my thinking is now a lot more 
positive [...] It’s not just ’there will be robots’ but you can develop [technology] a lot 
like in other ways than just robots coming to work in coffee shops, you know.

Students reported seeing technology as a source of solutions (a perspective explicitly 
addressed in the course structure), or not as threatening as they previously thought. Views 
where transformative effects of technological change were seen as more moderate than 
before were reported: a ’robot uprising’ and the loss of real human connection were ques-
tioned, or it was considered that positive effects could be uncoupled from negative or dis-
ruptive ones.

However, just as students’ increased and broadened futures thinking ushered in aspects 
of unpredictability (1B), an analogous theme emerges here: 5C Impacts of technology seen 
as more unpredictable (33%). We have already quoted Samuel’s thought that (quantum) 
technology ’might improve things or make them worse, you never know.’ For Joel, this per-
spective was linked to realising his own two-track thinking:

I used to just think [...] I’ll get into a university, right, but I haven’t thought [...] if in a 
hundred years computers have developed this much, then what can happen in another 
one hundred or even twenty years [...] it’s an inspiring and frightening thought at the 
same time.
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Technological change was seen by some students as inherently hard to predict, especially 
in the case of quantum computing:

Years ago we couldn’t really see that computers would ever be used by anyone or for 
anything, so now I dare not say that quantum computers aren’t going to be used for 
anything [...] We’ve been wrong here before. (Marcus)

One student noted that only history will tell how great an impact new technologies have, 
and another student expressed fears about quantum computers breaking encryption and 
humanity being superseded by artificial intelligence. While optimistic outlooks on technol-
ogy were linked to opportunities, these pessimistic scenarios were described in somewhat 
deterministic terms, which brings us to our sixth and final category.

Role of science and technology in agency

Finally, we present two themes that connect agency to technology and STEM careers. The 
theme 6A SCOT views in pluralised futures and questioned fears is centered around the 
idea that humans have influence over technological change. As we have argued (see “Role 
of science and technology in futures”), SCOT views link strongly to agency. Bringing the 
idea of groundbreaking research and innovation into the domain of one’s imagination, the 
course had invited students to claim a level of human ownership of technology: technol-
ogy could be a reaction to the world instead of the world merely reacting to technology. As 
Sarah noted when asked if the course affected her technological concerns:

Well, all of the project presentations dealt with these issues, and they had like really 
realistic scenarios about how these things can be improved.

To explain their thinking, or in referring to projects and discussions from the course, 
students presented visions of artificial intelligences that safely control private data, new 
approaches to responsible resource use or ocean cleanup, democratic regulation of technol-
ogy and so on. As Lydia puts it, the course had suggested that humans can and ultimately 
do steer technology:

[...] we shouldn’t be so black-and-white [about technology] [...] basically robots can’t 
start a revolution unless there’s a human behind it.

A final theme links technology to students’ own transformative agency in a concrete way: 
6B Technology and STEM careers create possibilities for agency. While students’ preexist-
ing career plans created diverse contexts for changes in their perceptions, we were able to 
limit our coding to cases where desirable societal or global futures were linked to one’s 
own agency:

I want to study engineering of some kind, and I hope that with this technology stuff 
I could be able to develop something myself, that helps people and society generally. 
(Nora)

Outside some ambiguous cases, students expressed technological agency beliefs quite 
exclusively in career-focused terms: studying persistently and working hard were seen 
as necessary conditions to having an influence on societal futures. Ellen, for example, 
could now see herself contributing to development related to her main concern, data 
privacy:
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[...] I started feeling more confident in my skills. [...] Because during the course I 
found out that there is still stuff we don’t know [...] if I get an education in like math 
and physics, then I’ll be needed. So that kinda calmed me down a bit.

Some students’ reflections on agency were not as detailed, referring to hopes of generally 
’making the world a better place’, or new perspectives to how the scientific and technologi-
cal worlds operate: emerging fields and the collaborative nature of research and innovation 
were seen as avenues for utilising one’s strengths and following one’s dreams.

Discussion

This study explored an approach aimed at fostering students’ futures thinking and agency 
in science education. We reported students’ self-reported changes in their perceptions after 
participating in an upper secondary school course on futures thinking and quantum com-
puting. Based on our results, the students saw the course have various effects on their per-
ception of futures and agency. Students considered their views of the future more posi-
tive and in some cases uncertain, while generally feeling more connected to the idea of 
futures. Futures were seen in a more pluralised manner, which was connected to question-
ing fears, determinism and static futures. More creative and structured ways of thinking 
were reported regarding both personal and global futures. The course was seen as hav-
ing affected perceptions of agency, especially through imagining futures and relating to 
communities and peers. In addition, the students reported changes in views of science and 
technology in relation to the importance, positivity and unpredictability of technological 
change, nondeterministic technological views, and ways of influencing the world through 
STEM careers.

A number of differences set the present study apart from earlier research connecting 
futures thinking to science education (Jones et al., 2012; Levrini et al., 2019, 2021; Lloyd 
& Wallace, 2004; Paige & Lloyd, 2016). Firstly, our study makes the novel contribution of 
connecting futures thinking skills and perceptions of technology to students’ agency. New 
approaches are also built into the module design: these include a focus on learning to think 
about probable, possible and preferable futures (Börjeson et al., 2006) as well as operat-
ing in the intersection of two seemingly distinct domains: quantum mechanics and futures 
thinking. Specific to science education, this showed a number of fruitful synergies between 
these domains: the course was centred on promoting a leap in thinking, escaping simplistic 
conventions, working with probabilistic processes related to uncertainty, and wondering 
what lies beyond the limits of current knowledge. Through such connections and consid-
erations, our study further demonstrates the potential of science education as a context for 
practising futures thinking.

Our analysis also shows patterns similar to many earlier studies. Students found the 
future coming ‘within their reach’—their perceived connection to the future was strength-
ened. Similar outcomes have been reported in other studies within the I SEE project (Bran-
chetti et al., 2018). Additionally, many of the ‘future-scaffolding skills’ operationalised by 
Levrini et al. (2021) can, in fact, be mapped to our inductively formed thematic analysis: 
for example, somewhat analogously to the phenomenon of the future ‘becoming closer’, 
we used the term ‘inhabiting’ the future when referring to cases where students perceived 
that they became able to position themselves into their images of the future. This ability is 
significant, as it may be interpreted as countering the ‘colonization of the future’ (Masini, 
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1993, p. 8). Perhaps relatedly, students reported newfound interest in learning to think 
more deeply about futures, echoing results by Angheloiu et al. (2020).

Our results partly reflect the course contents, thus providing tentative validation for 
our practical approach to future-oriented science education. The results also indicate other 
aspects of students’ experiences on the course. Namely, while learning futures thinking 
skills and approaching a more transformative agentic orientation towards (global) futures 
are expected results, we recognise perceptions of uncertainty and the significance of com-
munities and peers as themes that were not expected to arise from the data.

The results regarding unpredictability are pedagogically interesting. In our view, they 
do not necessarily indicate an insurmountable ethical dilemma in future-oriented educa-
tion (i.e. making students scared and uneasy) as much as they point out a challenge to be 
addressed by such pedagogies. From this perspective it is very promising to observe stu-
dents reflecting on their reactions to perceptions of uncertainty (see quotes under themes 
1B, 2B). Indeed, as something of a proof-of-concept observation, ’learning to accept and 
cope with the uncertainty of the future’ is a higher-level learning goal in our vision for 
future-oriented education. Simply leaving students with the impression that ’anything can 
happen’ is counterproductive; rather, students should reconcile uncertainty with agency 
and sense of community, promoting the idea that ‘solutions can be found anywhere’ (see 
theme 2B). Both generally and sociotechnically, a future that is not set is open to trans-
formative agency and creativity. Interestingly, the role of facing uncertainty is not clearly 
addressed in the otherwise quite ‘comprehensive picture of goals that science education 
can and should prioritize’ formulated by Levrini et al., (2021, p. 305).

Based on our results, we agree with Cook’s (2016) claim that hope is a crucial part 
of young adults’ futures perceptions and should be paired with concern and will to act. 
Additionally, while beyond the scope of our article, there is much to say about the idea 
that hopelessness related to global crises can be navigated by identifying as the generation 
that will solve them (cf. Angheloiu et  al., 2020). Further research and theoretical work 
is needed to validate the significance of such generational identity in the formation of an 
individual’s agency. We again emphasise that there seems to be a social component to our 
course’s effect on students’ thinking: in addition to learning futures thinking tools and 
imagining desirable trajectories, working together in the context of the future seems to cre-
ate hope. Thus discussions of agency should consider not only personal agency, but also 
shared agency (Hoffmann & Rainio, 2007).

The approach explored in this study seems to provide useful synergies between futures 
thinking skills, agency, authentic sociotechnical issues and conceptually challenging sci-
ence education. Students found creativity and ‘rule-breaking’ a refreshing addition to 
learning science—the future-oriented approach represented science as open-ended and 
imaginative. However, some students explicitly stated that they did not see enough connec-
tion between lessons focusing on futures thinking and those on quantum computing. One 
challenge may be the choice of scientific context, as quantum computing is an abstract and 
conceptually challenging subject that was not familiar to students before the course. Our 
aim on the course was to make the topic as practical as possible but as there are not many 
applications yet, the topic might have been left too abstract to students. Strengthening the 
connection of the scientific context to the scenario-building exercises should be paid addi-
tional attention to in forthcoming future-oriented science education modules, developed 
e.g. in the currently ongoing FEDORA project (https:// fedora- proje ct. eu).

We also must point out that the structure of the course probably nudged students to 
consider technology a more important but also more positive factor in global futures (see 

https://fedora-project.eu
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themes 5A, 5B). While the course aimed to provide critical takes on sociotechnical changes 
and naive hopes of ‘technological fix’, in further development of future-oriented science 
education these perspectives should be given full attention, through promoting agency and 
SCOT views. Also, our participants cannot be taken as a representative of their age group, 
as they were found to be a homogeneous group of students already interested in the course 
topics.

Our main approach for supporting the trustworthiness of the study is, as typical for 
qualitative content analyses (Elo et al., 2014), reporting both the context and the process 
of analysis accurately. The number and profile of the participants of the research are pre-
sented, and the possible biases discussed. Conformability and transferability—see the cri-
teria for trustworthiness as presented by Elo et  al. (2014)—are supported by describing 
in detail the process aiming at a shared understanding among the researchers (see section 
“Data collection and analysis”) and by problematising the generalisation of results to wider 
groups.

Moving forward, we hope to see further maturation of future-oriented science educa-
tion in research and practice. As this explorative study focused on students’ self-reported 
changes of thinking, further studies with improved empirical validity should be designed 
(cf. Levrini et al., 2021). A framework intended for that purpose is currently being con-
structed within the FEDORA project. Research should be carried out with more precise 
instruments and a more heterogeneous population of students, exploring how pedago-
gies for futures thinking and agency are best implemented. Theoretically, the connections 
between science education, future-oriented pedagogies, sustainability education, SSI/STSE 
and agency should be thoroughly inspected. We hope the present paper provides some nec-
essary groundwork for these advancements and paves the way for the next step needed 
to render science education transformative: understanding how improved futures thinking 
turns to action, i.e. moving from mental future orientation to practical future making.
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