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Is cow's milk dangerous to consume? Could oat milk be a more
nutritious and sustainable alternative? More or less daily, people are
confronted with headlines about ‘food alarms’ that highlight the
potential benefits or harms of certain foods, drinks or supplements.
Navigating public issues on the Internet, where complexity is salient,
science emerging and multiple voices and perspectives are contested,
undoubtedly places high demands on people’s ability to stay critical.
   This dissertation is about science education as an education for
citizenship with a particular focus on the potential of inviting students
to participate in critical examination of public issues in the media. The
dissertation examines how the works of philosopher Martha
Nussbaum and sociocultural perspectives on learning, may offer new
ways to think about critical examination in contemporary societies,
and how it can be developed in science education. Philosophically
rooted in the critical tradition of Socrates and the Stoics, Nussbaum
proposes an understanding of 'world citizenship' as encompassing the
questioning of authorities, ethical self-reflection and compassionate
perspective taking through narrative imagination. Empirically
grounded in two design-based research projects in upper secondary
science education, the reported studies provide examples of how 'world
citizenship' may be enacted in students' critical examination of health-
related public issues in the media. The overall results illuminate the
potentiality of science education for citizenship in providing students
with opportunities to participate in critical examination of themselves
and society in encounters with issues of public concern.
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Abstract
This dissertation is about science education as an education for citizenship with a particular focus on the potential of inviting
students to participate in critical examination of public issues in the media. Through digital media, a vast amount of health-
related information is readily available to the public. People who turn to the Internet in search of health information of any
kind, will come across a vast array of voices, information and contradictory claims. The rationale of this dissertation is
the recognised challenges for citizens to stay critical when public issues that relate to health and nutrition are examined
on the Internet. The aim of this dissertation is to contribute to expanding and nuancing the understanding of students’
critical examination of public issues in science education by drawing on a capabilities approach. Philosopher Martha
Nussbaum’s version of the capabilities approach and notion of ‘world citizenship’ is situated in science education and used
for analysing students’ participation in critical examination of public issues relating to health. In addition, sociocultural
perspectives are drawn upon to conceptualise learning. The dissertation builds on two different research projects, both
conducted as design-based research collaborations with upper secondary school science teachers and their students. The
data are comprised of audio and video recordings of student group discussions as they search for and critically examine
health-related information on the Internet, and video recordings and field notes from the teachers’ whole-class introductions
to the activities. Data have been analysed using qualitative content analysis, also drawing on the work of Nussbaum.
The findings in this dissertation are presented in four papers. Paper I reports how the introduction of an evaluation tool
afforded and constrained students’ critical examination of health issues on the Internet, and how this process can be
fruitfully analysed by taking a capabilities approach. The findings show how use of the evaluation tool caused students to
privilege scientific information, leaving lived experiences of health issues and students’ own purposes of the information-
searching unexamined. Paper II focuses students’ critical examination of controversial and emerging science reported in
news media. The findings illuminate how students’ encounters with a controversial nutrition study on the Internet triggered
epistemological work — the examination of scientific knowledge as embedded in social, cultural and historical practices.
Paper III focuses students’ critical examination of a science-laden public issue concerning milk consumption. The findings
show how the students examine their own and societal moral underpinnings of consuming milk, and how the production
and consumption of milk affect people's lives and the places we live. In these conversations on milk, the students also
imagine different sustainable futures. Paper IV proposes a heuristic for ethical reflection on participatory science education
research, highlighting reflective questions in relation to the dimensions of ontology, epistemology and methodology. It is
intended to extend standard ethical reflection in education research by taking hierarchies, roles, values, risks, objectives and
accountability into account. Overall, the results reported in this dissertation emphasise that students’ critical examination
of public issues in the media cannot be limited to source critique that aims to sift out ‘facts’ and uncontested science.
This dissertation illuminates the potentiality of science education for citizenship in providing students with opportunities
to participate in critical examination of themselves and society in encounters with issues of public concern.
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Abstract 

This dissertation is about science education as an education for citizenship 
with a particular focus on the potential of inviting students to participate in 
critical examination of public issues in the media. Through digital media, a 
vast amount of health-related information is readily available to the public. 
People who turn to the Internet in search of health information of any kind, 
will come across a vast array of voices, information and contradictory claims. 
The rationale of this dissertation is the recognised challenges for citizens to 
stay critical when public issues that relate to health and nutrition are examined 
on the Internet. The aim of this dissertation is to contribute to expanding and 
nuancing the understanding of students’ critical examination of public issues 
in science education by drawing on a capabilities approach. Philosopher Mar-
tha Nussbaum’s version of the capabilities approach and notion of ‘world cit-
izenship’ is situated in science education and used for analysing students’ par-
ticipation in critical examination of public issues relating to health. In addi-
tion, sociocultural perspectives are drawn upon to conceptualise learning. The 
dissertation builds on two different research projects, both conducted as de-
sign-based research collaborations with upper secondary school science teach-
ers and their students. The data are comprised of audio and video recordings 
of student group discussions as they search for and critically examine health-
related information on the Internet, and video recordings and field notes from 
the teachers’ whole-class introductions to the activities. Data have been ana-
lysed using qualitative content analysis, also drawing on the work of Nuss-
baum. The findings in this dissertation are presented in four papers. Paper I 
reports how the introduction of an evaluation tool afforded and constrained 
students’ critical examination of health issues on the Internet, and how this 
process can be fruitfully analysed by taking a capabilities approach. The find-
ings show how use of the evaluation tool caused students to privilege scientific 
information, leaving lived experiences of health issues and students’ own pur-
poses of the information-searching unexamined. Paper II focuses students’ 
critical examination of controversial and emerging science reported in news 
media. The findings illuminate how students’ encounters with a controversial 
nutrition study on the Internet triggered epistemological work — the exami-
nation of scientific knowledge as embedded in social, cultural and historical 
practices. Paper III focuses students’ critical examination of a science-laden 



public issue concerning milk consumption. The findings show how the stu-
dents examine their own and societal moral underpinnings of consuming milk, 
and how the production and consumption of milk affect people's lives and the 
places we live. In these conversations on milk, the students also imagine dif-
ferent sustainable futures. Paper IV proposes a heuristic for ethical reflection 
on participatory science education research, highlighting reflective questions 
in relation to the dimensions of ontology, epistemology and methodology. It 
is intended to extend standard ethical reflection in education research by tak-
ing hierarchies, roles, values, risks, objectives and accountability into account. 
Overall, the results reported in this dissertation emphasise that students’ criti-
cal examination of public issues in the media cannot be limited to source cri-
tique that aims to sift out ‘facts’ and uncontested science. This dissertation 
illuminates the potentiality of science education for citizenship in providing 
students with opportunities to participate in critical examination of themselves 
and society in encounters with issues of public concern.     

 
Keywords: science education, critical examination, public issues, Martha 
Nussbaum, the capabilities approach, ‘world citizenship’, narrative imagina-
tion, research ethics, participatory research 

 
 
 



List of Papers 

I Wiblom, J., Rundgren, C.-J. & Andrée, M. (2019). Developing 
students’ critical reasoning about online health information: A ca-
pabilities approach. Research in Science Education, 49(6), 1759-
1782. 

 
II Wiblom, J., Andrée, M. & Rundgren, C.-J. (2020). Navigating 

alarming media messages about  nutrition and health: How stu-
dents engage in critical examination of science in news media.  
Science & Education, 29(1), 75-100. 

 
III Wiblom, J., Andrée, M. & Rundgren, C.-J. (in review). Enact-

ments of 'world citizenship' in science education: The role of crit-
ical self-examination, compassion and imagination in students’ 
examination of the production and consumption of milk.  

 
IV Andrée, M., Danckwardt-Lillieström, K. & Wiblom, J. (in press). 

Ethical challenges of symmetry in participatory science education 
research – proposing a heuristic for ethical reflection. In. K. Otrel-
Cass, M. Andrée & M. Rye (Eds.), Examining research ethics in 
contemporary science education research. Being responsive and 
responsible. Springer.  



Acknowledgements  

I den här avhandlingen finns det många exempel på hur gymnasieelever i mö-
tet med komplexa frågor får syn på och kritiskt ifrågasätter det som de tidigare 
tog för sant, vanligt, rätt och naturligt. Hur de tillsammans utmanar det förgi-
vettagna och öppnar upp för alternativa sätt att göra och vara i en föränderlig 
värld. I arbetet med den här avhandlingen har jag funderat mycket över mitt 
eget lärande, och fascinerats över att det på så många sätt liknar elevernas. 
Liksom alla andra naturvetenskapslärare och ämnesdidaktiska forskare har jag 
uppfattningar om hur undervisning i naturvetenskapliga ämnen bör bedrivas, 
vad som utgör kvalitet i elevers samtal om naturvetenskapliga frågor, och vil-
ken typ av stöd som bäst bidrar till elevers kunskapsutveckling. Genom de 
forskningsprojekt som presenteras i den här avhandlingen har jag fått rika 
möjligheter att tillsammans med andra lärare och forskare både få syn på och 
utmana mina föreställningar och förgivettaganden om undervisning och lä-
rande i naturvetenskap. I mötet med lärare, forskare och litteratur har jag fått 
erfara nya sätt att tänka om didaktiska frågor, och tillsammans med andra vis-
ionera om en naturvetenskaplig undervisning för medborgarbildning. Många 
människor har deltagit på den resan och till er vill jag rikta mitt allra varmaste 
av tack. 

Först och främst vill jag tacka alla de elever och erfarna och kunniga lärare 
som gjort den här avhandlingen möjlig. Bästa elever! Ert sätt att tillsammans 
beröra och bli berörda av riktigt svåra och komplexa frågor är kärnan i den här 
avhandlingen. Ni inspirerar och ni ger hopp om en hållbar framtid. Bästa lä-
rare! Er professionella skicklighet och er vilja att fortsätta utveckla och ut-
vecklas har skapat fantastiska förutsättningar för didaktisk forskning. Vi 
gjorde det tillsammans! 

Mina handledare Maria Andrée och Carl-Johan Rundgren har varit ett oer-
hört stort stöd genom hela avhandlingsarbetet. Tillsammans har de uppmunt-
rat mig att gå min egen väg och att låta forskningsfrågorna styra mina teore-
tiska och metodologiska val. Maria! Modig, kunnig och fri i tanken har du 
utmanat och inspirerat mig som ingen annan jag tidigare mött. Tack för att du 
aldrig någonsin ger dig (det gör ju inte jag heller), för att du alltid inkluderar 
och för att du möter upp i det som är svårt. Tack också för ytterst skarpsynta 
läsningar av mina texter genom alla år. C-J! Lyhörd, klok och tålmodig har du 
ända sedan först dagen på institutionen uppmuntrat mig att följa avhandling-
ens hjärta och att slå en lov runt Stora Skuggan när jag kör fast. Det har varit 



ett stort privilegium att få arbeta tillsammans med er båda. Ni har varit otroligt 
frikostiga med er kunskap, ert engagemang och med er tid. Tusen tack! 

Jag har haft den stora förmånen att  genomföra min doktorandutbildning på 
MND. Först som licentiand i forskarskolan ÄdFo, och sedan som institutions-
anställd doktorand. Stort tack till dig Per-Olof Wickman för att du varit en 
drivande kraft i att skapa förutsättningar för mig och andra lärare att bedriva 
ämnesdidaktisk forskning, och för att du så snabbt fick mig att känna mig 
hemmastadd på institutionen. Det har betytt väldigt mycket för mig.  

Sara Planting-Bergloo. Du har del i den här avhandlingen på så många olika 
sätt. Tack för allt du bidragit med, för att du alltid trott på mig och för alla 
samtal vi haft genom åren som kollegor och som vänner. Jag är otroligt glad 
och stolt över att vi följts åt även i forskningens värld.  

Jag har också haft mycket stor behållning av alla möten i "handledargrup-
pen", där jag tillsammans med Kerstin Danckwardt-Lillieström, Kristin Pers-
son och vår gemensamma handledare Maria Andrée, tröskat texter, synat ana-
lyser i sömmarna och repat nervösa konferenspresentationer. Vad roligt vi 
haft!  Detsamma gäller dig, Malin Lavett-Lagerström. 

Genom åren på MND är det många kollegor som bidragit till att kommen-
tera, granska och diskutera mina texter vid institutionens högre seminarier. Ett 
särskilt varmt tack till er, Auli Arvola Orlander och Cecilia Caiman. Tack för 
er "teoretiska rörlighet" och för ert otroligt fina sätt att ta utgångspunkt i vad 
jag försöker förmedla med mina texter. Cecilia. Tack också för ditt oerhörda 
stöd i stort och i smått. Dessutom vill jag tacka alla fina kollegor, inom forsk-
ning, undervisning och administration som kommit, gått och stannat under 
mina år på MND. Ni har alla på olika sätt bidragit till att föra arbetet framåt 
och gjort det roligt och betydelsefullt att gå till jobbet. Jag vill rikta ett särskilt 
varmt tack till er, Sofie Stenlund, Thomas Krigsman, Lotta Billing och Anna 
Carin Nyberg. Ni lärt mig massor om naturvetenskapsämnenas didaktik, och 
våra spännande samtal har många gånger hjälp mig att adressera klurigheter i 
avhandlingsarbetet. Tack för ni inkluderat och förgyllt.  

Vid mitt 50%-seminarium läste Jan Alexis Nielsen och Per Anderhag mina 
texter. Stort tack för att ni uppmuntrade mig att fortsätta på den inslagna teo-
retiska vägen, och för att ni kom med avgörande förslag och påpekanden. Jag 
kom stärkt ur. 

Vid mitt 90% seminarium gjorde Roger Säljö och Auli Arvola Orlander 
ytterst konstruktiva läsningar av mina texter. Roger! Ett stort tack till dig för 
att du gav mig en välbehövlig "crash course" i kappaskrivningens ädla konst. 
Jag har gjort mitt yttertsa för att förvalta dina värdefulla kommentarer såhär i 
arbetets slutskede. Auli! Det finns en anledning till att jag alltid försökt få dig 
att läsa mina texter. Tack för att du låtit mig lyckas med det så många gånger.  

Doktorandlivet har också bjudit på många möjligheter till givande samar-
beten utanför institutionen. Tack Pernilla Lundgren, Sofie Areljung, Lotta Le-
den, Malin Ideland, Anna Jobér, Anne Solli och deltagarna i nätverket CPSSE 
för förtroenden, inspiration och gemensamt utforskande. I also want to thank  



you, rockstar proofreader, Tim Houghton. You have done an incredible work 
with my texts, always committed and encouraging. Thank you! 

Ett annat sammanhang som inspirerat, gett energi och utmanat tanken är 
fredagseftermiddagarna i STLS. Tack Ingrid Carlgren, Inger Eriksson och Ma-
ria Andrée för att ni är precis så galna och framsynta som krävs för att dra 
igång och utveckla en samverkansplattform för ämnesdidaktisk praktikut-
vecklande forskning. Med Maria Andrée och Per Anderhag i spetsen för NT-
nätverket, har jag haft fömånen att koordinera forskningprojekt och snacka 
didaktik tillsammans med Sara Planting-Bergloo, Malin Lavett-Lagerström, 
Cecilia Dudas, Dana Seifeddine Ehdwall, Maria Weiland, Birgit Fahrman, Se-
bastian Björnhammer, Cecilia Kozma, Andrée Burgers och Maria Sundler. 
Tack också Stockholm stad som gjort det möjligt för mig och många andra 
lärare, att genom forskarskolor och STLS, driva eller delta i olika undervis-
ningsutvecklande forskninsgprojekt. Det gör skillnad! 

Slutligen vill jag givetvis tacka min familj och alla mina underbara vänner 
för att ni stöttat mig under den här tiden, och för att ni hjälpt mig att sätta mina 
arbetsrelaterade utmaningar i perspektiv. Tack för alla avkopplande stunder, 
samtal, skratt, måltider, resor och äventyr. Ett särskilt tack till er Eva och Max 
för att era dörrar i Långedrag alltid står öppna, och för att jag fick övertala dig 
Eva att förse den här avhandlingen med en fin framsida. Fredrik. Jag är så 
obeskrivligt tacksam för allt du gjort och gör för mig som vän, och för att du 
som kiropraktor hållit min kropp i skick för all den löpning, cykling och annan 
träning som krävts för att skriva klart den här avhandlingen. Tack också för 
jag fick "rapportera" till dig hela sommaren och för alla uppmuntrande ord på 
vägen. Mot långt, snabbt och obegränsat!   

Med tre älskade syskon vid sin sida går en aldrig ensam. Hannah, Adam 
och Moa. Tack för att ni finns och för att ni är just dem ni är. Lillasyster Moa! 
Du har varit ett ovärderligt stöd för mig under den här tiden. Jag är så stolt 
över dig. Slutligen vill jag tacka mamma Christel och pappa Bo i Gränna för 
kärlek och för att ni alltid uppmuntrat till utbildning och förkovring. Ni berät-
tade för mig om en tid i Sverige när högre utbildning inte var allas rätt och 
möjlighet. Tack för att jag fått frihet att välja.   

 
 

Södermalm i augusti 2020 
Jonna Wiblom   

 
 
 

          



Contents 

1 Introduction ........................................................................................ 1 
1.1 “Dr Google” challenges ...................................................................................... 1 
1.2 Critical examination of public issues in science education ................................. 3 
1.3 Democratic citizenship and the role of science education .................................. 6 
1.4 The aim and outline of the dissertation............................................................... 8 

2 Previous research on democratic citizenship, health literacy and critical 
examination of public issues in science education ....................................... 9 

2.1 Citizenship as scientific literacy .......................................................................... 9 
2.2 Scientific literacy and critical examination of science in the media ................... 14 
2.3 Students’ engagement with public issues in science education........................ 16 
2.4 Health literacy and managing online information .............................................. 20 
2.5 Learning in a digital environment ..................................................................... 23 
2.6 Summing up ..................................................................................................... 25 

3 Theoretical perspectives on citizenship and science learning ............28 
3.1 A capabilities approach to human well-being ................................................... 28 
3.2 Nussbaum’s conceptual development .............................................................. 31 
3.3 A capabilities approach to education ................................................................ 33 
3.4 Critique and limitations ..................................................................................... 38 
3.5 Critical examination as participation in practice ................................................ 39 

4 Methodology and research design ....................................................42 
4.1 A design-based approach to studying teaching and learning ........................... 42 
4.2 Research design .............................................................................................. 44 
4.3 Data production: recording students’ conversations ......................................... 53 
4.4 Transcriptions .................................................................................................. 55 
4.5 Overview of settings, participants and empirical data ....................................... 57 
4.6 Forms and conditions for participation.............................................................. 59 
4.7 Methodological considerations ......................................................................... 68 
4.8 Ethical considerations ...................................................................................... 73 

5 Summary of papers I–IV ...................................................................78 
5.1 Paper I: Developing students’ critical reasoning about online health information: 
A capabilities approach............................................................................................... 78 
5.2 Paper II: Navigating alarming media messages about nutrition and health: How 
students engage in critical examination of science in news media.............................. 81 



5.3 Paper III: Enactments of ‘world citizenship’ in science education: The role of 
critical self-examination, compassion and imagination in students’ examination of the 
production and consumption of milk ........................................................................... 83 
5.4 Paper IV: Ethical challenges of symmetry in participatory science education 
research — proposing a heuristic for ethical reflection ............................................... 86 

6 Discussion ........................................................................................89 
6.1 Critical examination as participation in epistemological work ........................... 89 
6.2 Critical examination as an examination of oneself and society ......................... 91 
6.3 Taking the perspectives of others through narrative imagination...................... 92 
6.4 The potential of science education in contributing to citizenship ...................... 94 
6.5 Reflections on participatory education research ............................................... 96 

7 Svensk sammanfattning ....................................................................98 
7.1 Introduktion: Dr Google utmanar i den naturvetenskapliga undervisningen...... 98 
7.2 Teoretiskt angreppssätt till kritisk granskning och lärande ............................. 100 
7.3 Metodologi ..................................................................................................... 102 
7.4 Sammanfattning av artiklarna ........................................................................ 104 
7.5 Avslutande kommentarer ............................................................................... 108 

8 References .....................................................................................110 

 
 



1 

1 Introduction  

This dissertation is about science education as an education for citizenship 
with a particular focus on the potential of inviting students to participate in 
critical examination of public issues in the media. In parallel to societal devel-
opment and changes in lifestyle conditions, the issues of public relevance also 
change. During the late 1960s, nuclear energy was high on the public agenda 
in many Western societies (Aikenhead, 2006), while the depletion of the 
ozone layer and genetically modified foods drew the public's attention some 
decades later. In contemporary societies, ongoing and urgent issues of public 
concern are about human-induced climate change, uneven distribution of food 
and fresh water around the world, and the spread of pandemics and disease. 
While advancements in the fields of science and technology are arguably in-
valuable for providing solutions for a sustainable future, related fields of re-
search also yield ethical dilemmas, emerging risks and uncertain outcomes 
(Beck, 1992; Irwin & Wynne, 1996). In many parts of the world, citizens turn 
to the Internet to become informed and to communicate about public issues 
(Bylund et al., 2007; van de Belt et al., 2013; Lemke, 2006). Navigating public 
issues on the Internet, where complexity is salient, science emerging and mul-
tiple voices and perspectives are contested, undoubtedly places high demands 
on people’s ability to stay critical.  

1.1 “Dr Google” challenges 
The importance of taking a critical approach to information on the Internet is 
not least highlighted by the never-ending flow of health claims and health ad-
vice in the media, for instance, concerning nutrition, exercise and medicine. 
More or less daily, people are confronted with headlines about ‘food alarms’ 
that highlight the potential benefits or harms of certain foods, drinks or sup-
plements. Researching adverse outcomes associated with media exposure to 
contradictory nutrition messages, Nagler (2014, p. 25) describes how such 
media content typically provides information about one single behaviour that 
results in two distinct outcomes. For example, red wine consumption, which 
on the one hand may be associated with improved heart health, and on the 
other hand with an increased risk of breast cancer (Nagler, 2014). Nagler 
raises a concern that conflicting media messages about nutrition and health 
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may cause public confusion about what foods are healthy to eat, leading to 
less public sensitivity to dietary guidelines and a mistrust in nutritionists who 
keep changing their minds.  

Until recently, health information was almost exclusively accessible to 
medical professionals and health providers. However, due to technological de-
velopments, such information is now freely accessible for the public to read, 
share and communicate about (Ross, 2014; West, 2013). People’s use of the 
Internet to become informed about health issues has reached the point where 
scholars now talk about individuals consulting “Dr Google” for health advice 
(Hoving et al., 2010; Lee et al. 2014a). When scientific advancements are re-
ported in the news media, they are filtered through (science) journalists who 
themselves may have difficulties understanding the methodologies, interpret-
ing the results and implications, and translating the technical language that 
characterises genres of research dissemination (Pettersen, 2005a). Further-
more, the scientific advancements reported in the news are typically selected 
on the basis of their news value, and the focus is on spectacular, emerging 
science, rather than on representing established disciplinary knowledge 
(McClune & Jarman, 2014; Priest, 2013). While science journalists, medical 
practitioners, researchers and authorities are among the voices heard, a grow-
ing amount of online health information is posted by lay individuals who are 
sharing experiences, opinions, emotions and beliefs on social media platforms 
(Song et al., 2016).  

People who turn to the Internet in search of health information of any kind, 
will come across a vast array of voices and contradictory claims posted on 
scientific and non-scientific web pages, wikis, blogs or shared through pod-
casts and videos (Fergie et al., 2013; Walraven et al., 2009). It is reasonable 
to assume that the promises of the Internet in becoming a valuable starting 
point for public, health-related self-management, are conditioned by people’s 
abilities to critically navigate and make meaning of the broad and ill-sorted 
range of sources and conflicting information (Walraven et al., 2009). In the 
research literature, such abilities have been conceptualised and studied in 
terms of ‘health literacy’. The World Health Organization (2013, p. 4) identi-
fies health literacy1 as a key determinant for public health and argues that the 
concept “[e]ntails people’s knowledge, motivation and competences to access, 
understand, appraise and apply health information in order to make judgments 
and take decisions in everyday life concerning health care, disease prevention 
and health promotion to maintain or improve quality of life during the life 
course”. Scholars in the field of health literacy articulate an ambition to de-
velop ways of supporting people’s capabilities to critically appraise health 

                                                   
1 The meaning of health literacy is not uncontested, and multiple definitions have been sug-
gested by scholars in the health literacy field (Sørensen et al., 2012). A few alternative defini-
tions are reported in Chapter 2 of this dissertation. 
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claims in the media so that they are better able to make well-informed deci-
sions about their health (Weber et al., 2009). Considering the important role 
of education in improving young people's participation in society, this is also 
a challenge for practitioners and scholars in science education.  
 

1.2 Critical examination of public issues in science 
education 

Despite the recognised challenges of managing information online, science 
education has been relatively slow to respond to students’ difficulties in navi-
gating and sorting out the vast amount of conflicting information on the Inter-
net (Klosterman et al., 2012). The current generation of students has even been 
assumed ‘digital natives’, born into a world of shared digital experiences and 
social identities, and like so almost ‘inherently’ capable of mastering the com-
plexity that the Internet imposes (Prensky, 2001). Regardless of generational 
belonging, becoming engaged with public issues on the Internet means ven-
turing into realms which are just as complex, uncertain and multifaceted, as 
personal and emotional in the sense of being closely tied to how we live our 
lives. In the research literature, it is increasingly argued that science teachers 
play an important role in providing students with opportunities and scaffold-
ing to constructively manage the complexity of public issues (Biesta, 2007). 
Considering how science permeates our lives, for instance, through medicine 
and nutrition, there should be rich opportunities for science education to sup-
port and develop students’ encounters with such issues.  

It has been argued that controversial media messages about health and nu-
trition may become a valuable starting point for students’ critical engagements 
with emerging science that has assumed relevance for their own lives and for 
society (Pettersen, 2005b). Yet, the way a given health issue is presented in a 
single article, or in any online resource, needs to be nuanced and contrasted 
with alternative perspectives on the issue at hand. Previous research in science 
education shows that besides scientific knowledge, family, friends and con-
cern for others all play important roles in young people’s decisions about 
health (Lundström et al., 2012). Considering the multidimensional nature of 
health, restricting students’ critical engagement with health claims in the me-
dia to a search for ‘true facts’, risks overlooking the opportunities that make 
science education relevant to participation in society. Although not dominant 
in the literature on critical examination, there are scholars advocating for an 
education that enables students to engage critically with public issues in ways 
that encourage them to confront their own and others emotions, habits and 
ways of living (von Wright, 2002). From such a standpoint, students’ critical 
examination of health issues in science education implies taking a ‘holistic’ 
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approach to health, in the sense of balancing emotional, relational, cultural 
and scientific aspects of well-being (see also Fetro, 2010). Given the persua-
siveness of mass media, science education practitioners and scholars are chal-
lenged to support students to make meaning of and scrutinise the vast array of 
health claims in the media, and to situate such claims in their own lives and in 
society generally. 

Critical examination as socioscientific reasoning 
Long before the Internet was introduced to classrooms, students’ learning 
through encounters with public issues was a sustained interest among practi-
tioners and scholars in science education. Within the research field of science 
education, students’ engagement with public issues has been studied through 
a pedagogical strategy called socioscientific issues (SSI) (e.g. Sadler, 2011; 
Zeidler et al., 2005). SSI education offers classroom activities that focus on 
getting students to engage with controversial societal issues (or social dilem-
mas), for instance, concerning health, climate change or food production, that 
in democratic societies require both expertise and public attention (e.g. Kolstø, 
2001; Ratcliff & Grace, 2003). When implemented as part of science teaching, 
SSI education is assumed to foster the abilities needed for responsible and 
critical citizenship by developing students’ participation in socioscientific rea-
soning (Eggert, 2017; Zeidler & Keefer, 2003). One reflection from reviewing 
studies that examine students’ learning through SSI education is that while it 
is claimed that critically examining SSI develops critical thinking and moral 
reasoning in students, such learning outcomes are seldom the focus of such 
studies. Rather, the research interest has mainly focused on students’ under-
standing and use of scientific knowledge to make decisions about SSI (e.g. 
Walker & Zeidler, 2007). Another reflection is that the established way of 
studying the ‘procedural’ aspect of students’ socioscientific reasoning is in 
terms of argumentation. In related research, student argumentation is com-
monly viewed as an epistemic task of coordinating evidence and claims (Niel-
sen, 2013a; see also Toulmin, 2003). Engaging students in ‘rational’ argumen-
tation, or ‘logical’ reasoning in science education, has been associated with 
bringing rhetoric and debate into the science classroom. In the literature, there 
are indications that when SSI are addressed through persuasive argumentation 
in classroom debates, there are few incentives for the students to take a critical 
approach to the scientific knowledge used to back up or counter-argue claims 
(Anker-Hansen & Andrée, 2015; Solli, 2019). This suggests that, even though 
SSI education is assumed to develop the abilities needed for critical citizen-
ship, established ways of approaching public issues in science education 
(meaning through classroom debates about SSI) may even be counterproduc-
tive for developing a critical attitude in students.  



5 

Critical examination and science curriculum 
In response to the increased use of digital technology in schools and in society, 
the Swedish government announced a revision of the comprehensive curricu-
lum in Spring 2017 (Regeringskansliet, 2017). The aim of the revision was to 
clarify the important role of education in strengthening students’ ‘digital com-
petencies’ for purposes of future studies, as well as for democratic participa-
tion in society. The revision stressed the development of students’ critical and 
responsible use of digital technologies and understanding of the effects of dig-
italisation for society. Critical use of digital technology was articulated in 
terms of ‘source critique’ [källkritik in Swedish], in the sense of strengthening 
students’ evaluation of sources on the Internet. The curricular changes were 
implemented in Swedish schools during 2018. In a recently published follow-
up questionnaire conducted by The National Agency for Education (2018), 
Swedish students, teachers from various subject disciplines and principals 
were asked about digital teaching and learning at various levels of education. 
Even though a majority of the responding teachers reported that they were 
familiar with the new curricular guidelines regarding students’ digital compe-
tences, just under half of the teachers reported that they had included source 
critique in their teaching. Also, a majority of the responding teachers recog-
nised a need for digital support and for strengthening their own competences 
in teaching with and through digital technology2.  

Critical examination of science is part of curricula worldwide (Ottander & 
Ekborg, 2012). In Sweden, the science curriculum guidelines state that stu-
dents should be provided with opportunities to critically evaluate information 
and to use scientific evidence to formulate and evaluate arguments about so-
cietal issues that relate to science (The National Agency for Education, 
2011a). It is also stressed that the students should be provided with opportu-
nities to construct individual standpoints on issues of societal concern, and to 
take ethical perspectives into account when reasoning. The Swedish upper 
secondary Biology curriculum states that the teaching of biology should: 

[c]ontribute to students developing their understanding of the importance of bi-
ology in society, such as quality of life and health through medicine, and for 
the protection of the Earth's ecosystems through ecology /.../ Teaching should 
also help students develop the ability to critically assess and distinguish be-
tween statements based on scientific and non-scientific foundations. (The Na-
tional Agency for Education, 2011a)  

                                                   
2 In Sweden, the government has assigned the National Agency for Education to chart the digital 
use and digital competences in Swedish schools at all levels of education every third year. The 
survey that preceded the follow-up questionnaire from 2018 (The National Agency for Educa-
tion, 2018) was conducted during 2015 and reported a year later (The National Agency for 
Education, 2016). Compared to how the teachers responded in the survey conducted during 
2015, the 2018 report indicates that teachers’ experienced need of digital support has decreased 
slightly over the last three years. 
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In the Swedish Biology curriculum, it can be argued that critical engage-
ment with science is given multiple, and sometimes conflicting meanings (c.f 
Andrée & Lundegård, 2013). On the one hand, critical engagement with sci-
ence is depicted as a means for students to engage in ethical reasoning and to 
understand the role of biology in adding to the quality of life; on the other 
hand critical engagement is seen as the means for students to engage in evi-
dence-based reasoning and to understand how to distinguish scientific from 
non-scientific claims. As outlined above, the importance of science in con-
temporary societies is actualised through media-debated public issues, such as 
those relating to health and medicine. These are issues situated at the intersec-
tion of different disciplines of knowledge, where scientific evidence plays but 
one part. Thus, limiting students’ critical examination of public issues in sci-
ence education to an exercise in source critique (aimed at sifting out the evi-
dence-based ‘truths’), appears to be in conflict with the coexisting goals of 
perspective-taking, ethical reasoning and making connections between sci-
ence and society.  

1.3 Democratic citizenship and the role of science 
education 

Framing the goals of education in terms of democratic citizenship has long 
been a fundamental issue in education policy and practice, as well as in the 
research field of science education. How to better prepare students for demo-
cratic citizenship and what contributions science education can make are ques-
tions that sustain interest and debate among scholars in the field. In the re-
search literature, the notion of citizenship has been approached from two com-
peting perspectives about the purposes of science education — to prepare stu-
dents for a career in science, and to prepare students for civic life (Roberts, 
2007; 2011). Educational goals that embrace the latter vision, which sees stu-
dents making connections between science and society that are relevant for 
everyday life, have been studied by looking at students’ engagements with 
public issues. The idea of educating for citizenship through engagements with 
public issues presupposes, rather than prepares students for, participation in 
democratic process (Roth & Désaultes, 2004). This means that we need to ask 
questions about how students can be invited to critically examine public issues 
in ways that become relevant for citizenship here and now, as well as for the 
future. 

Articulating the goals of science education in terms of democratic citizen-
ship is not unproblematic. Lawy and Biesta (2006) describe the mainstream 
discourse of citizenship as a “social engineering” of students, informed by the 
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idea of “citizenship-as-achievement” that focuses on the duties and responsi-
bilities, rather than the rights of citizens (see also Biesta, 2011). The authors 
propose that the notion of citizenship is closely tied to values and normative 
assumptions that guide students towards a predefined outcome. “For the most 
part, education for citizenship has been an exercise in civics education and 
‘good’ citizenship rather than as a way to develop and nurture the social and 
critical capabilities of young people" (p. 39). In science education research, 
the dominant approach to gaining knowledge about students’ engagement 
with public issues has been situated within the individual-psychological tradi-
tion, taking a ‘decontextualised’ approach to students’ learning (Bencze & Al-
sop, 2014). The focus on the individual’s knowledge and abilities to make 
decisions about public issues (without taking into consideration how people 
are part of larger collectives) is also visible in science curricula and policy, 
which assumes a direct correlation between the knowledge obtained in school 
and the practicing of responsible citizenship (Ideland, 2016). Lawy and Biesta 
(2006) propose the concept of “citizenship-as-practice”, suggesting a shift of 
focus regarding how citizenship is addressed in research — from individuals' 
achievements to the democratic practices in which participation and citizen-
ship can develop.  

To date, there are few in-depth studies that examine the relationship be-
tween science education, the Internet and critical citizenship in situ (meaning 
in science classrooms, involving science teachers and students) (Choi, 2016; 
Choi et al., 2017). Roth and Désautels (2004) have suggested that instead of 
articulating the goals of science education in terms of what students should be 
able to know and to do, the starting point should be the framing of a more 
general project of democratic citizenship.  

From a philosophical perspective, the notion of democratic citizenship and 
how it may become relevant for education, has been subjected to ongoing dis-
cussion and debate. In this dissertation, I examine how the works of philoso-
pher Martha Nussbaum offer new ways to think about critical examination in 
contemporary societies, and how it can be developed in science education. As 
part of the framework a capabilities approach, Nussbaum proposes an ethic of 
care and affiliation to guide an education for 'world citizenship' (1997; 2011). 
She argues that an education for 'world citizenship' is one that cultivates hu-
manity in the sense of providing students with opportunities for human flour-
ishing. The idea of human flourishing has its roots in the works of Aristotle 
(Aristotle, translated by Rackham 1994; see also Korsgaard, 2008). Even 
though the concept of human flourishing comprises an ethical theory of moral 
virtue, it is not a dogma for ethical decision-making in the sense of trying to 
make people act in certain ways. Rather than striving for a social engineering 
of students (cf. Lawy & Biesta, 2006), the notion of human flourishing as-
sumes recognition that humans should have a freedom of choice. The demo-
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cratic project of an education for citizenship, in this view, is to provide stu-
dents with opportunities to develop the capabilities needed to act ‘freely’ in 
the world. 

According to Nussbaum (1997), educating for freedom of choice implies 
inviting students to critically examine different ways of living an ethical life 
through encounters with what is different. Philosophically rooted in the criti-
cal tradition of Socrates and the Stoics, Nussbaum offers an understanding of 
‘world citizenship’ as encompassing the questioning of authorities, ethical 
self-reflection, moral reasoning and compassionate perspective taking through 
narrative imagination. In this way of conceptualising 'world citizenship', de-
veloping students' capability for critical examination implies expanding the 
students' repertoires of ways of critically examining public issues in ways 
meaningful to them. 

1.4 The aim and outline of the dissertation 
The aim of this dissertation is to contribute to expanding and nuancing the 
understanding of students’ critical examination of public issues in science ed-
ucation by drawing on a capabilities approach. I do this by situating Nuss-
baum’s version of the capabilities approach and notion of ‘world citizenship’ 
in science education in analysing students’ participation in critical examina-
tion of public issues relating to health. 

Following this introduction, chapter two provides an account of relevant 
studies in research fields related to citizenship education, students’ critical ex-
amination of public issues, and the notion of health literacy. In chapter three, 
I present the theoretical framing of this dissertation by introducing Nuss-
baum’s philosophical notions of capabilities and 'world citizenship', and how 
they relate to the sociocultural perspective on learning chosen for this disser-
tation.  

Chapter four deals with the methodology and research design of the two 
projects that constitute the empirical grounding. The chapter includes a de-
scription of two projects, respectively, with regard to the empirical settings, 
the participants involved, the cyclic research process and the forms of partic-
ipation. This is followed by a description of how data were produced, tran-
scribed and analysed, and the methodological and ethical considerations. An 
overview of the research design and empirical data is also provided.  

The two research projects resulted in four papers, which are summarised in 
chapter five. Chapter six comprises a discussion of the overall findings of pa-
pers I–III in relation to the overarching aim and research questions (which are 
articulated in the end of chapter three). Grounded in Paper IV, the discussion 
is rounded off with reflections on the participatory research methodologies 
used. A Swedish summary of the dissertation is found in chapter seven. 
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2 Previous research on democratic citizenship, 
health literacy and critical examination of 
public issues in science education 

In science education, the notion of democratic citizenship has been studied 
through different methodologies and various theoretical and philosophical 
lenses. In the literature review that follows, attention is given to previous stud-
ies in which democratic citizenship has been conceptualised in terms of scien-
tific literacy and students’ abilities to critically examine public issues in the 
media as part of scientific literacy. To frame some of the specific educational 
possibilities and challenges that emerge when public issues about health are 
encountered on the Internet, previous research from the health literacy field, 
as well as studies on student learning in digital environments in science edu-
cation, are included. 

2.1 Citizenship as scientific literacy 
The education reform movements in secondary science education that took 
place during the 1970s and 1980s came to emphasise science in its social con-
text (DeBoer, 2000). In parallel to a broadened view on the role of science in 
society, related skills and knowledge have been advocated in terms of scien-
tific literacy (SL) (cf. Andreé & Lundegård 2013; DeBoer, 2000; Dillon; 
2009; Feinstein, 2011; Laugksch, 2000). The notion of SL is part of the Anglo-
Saxon education tradition, sometimes related to the Anglo-American tradition 
of ‘liberal education’. In Central and Northern Europe, citizenship education 
has also been studied within the philosophical-educational Bildung3 tradition. 
The notion of Bildung has been developed by a broad range of scholars since 
the late eighteenth century (Sjöström et al., 2017). The way Bildung is under-
stood today is predominantly influenced by the conceptual developments 

                                                   
3 In research literature, there is no English translation of the German term Bildung. In a con-
ceptual overview, Sjöström, et al. (2007) suggest that this may be due to its complex and mul-
tifaceted cultural history, and connection to multiple German philosophers (e.g. Kant and Von 
Humboldt).   
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which took place during the 1950s and 1960s, inspired by the works of Ger-
man educational philosophers such as Erich Weniger and later Wolfgang 
Klafki (e.g. Klafki, 2000a, 2000b). Drawing on Klafki’s works, Sjöström and 
Eilks (2018) have described Bildung as an educational ideal for citizens that 
covers critical, ethical and political dimensions of science with the aim of pro-
moting responsibility for individual and collective actions towards sustainable 
global development. The specific contributions of science education in pro-
moting a citizenry for sustainable development have also been studied within 
the Education for Sustainable Development (ESD) movement (Mogensen & 
Schnack, 2010; Van Poeck & Vandenabeele, 2012). In particular, ESD re-
search has targeted questions of the potential role of student activism (e.g. 
Bencze & Alsop, 2014; Vesterinen et al., 2016), critical thinking (e.g. Hasslöf 
& Malmberg, 2015), and pluralism and deliberation in science education (e.g. 
Lundegård 2018; Lundegård & Caiman, 2019).  

As part of the Anglo-Saxon SL tradition, a range of conceptual frame-
works, such as “Science for All Americans” (Rutherford & Ahlgren, 1990) 
and “21st century skills” (e.g. Dede, 2010) have informed policy about what 
scientific literacies are important for young people's knowledgeable participa-
tion in contemporary societies. Over the last 50 years, there have been many 
attempts to identify key components of SL (e.g. Dillon, 2009; Hodson, 2009; 
Roth & Barton, 2004). An early contribution was made by Shen (1975), who 
articulated three distinct categories of SL: practical, civic, and cultural. Shen 
defined practical SL as the “possession of the kind of scientific knowledge 
that can be used to help solve practical problems” (p. 46). Civic SL refers to 
the scientific knowledge and understanding needed for participation in public 
debate and decision-making. Cultural SL “[i]s motivated by a desire to know 
something about science as a major human achievement” (Shen, 1975, p. 49). 
Even though no clear definition of SL exists, the components of SL suggested 
by Shen can be traced in many of the contributions that have followed. For 
instance, a broad and practical understanding of SL proposed by Zeidler et al. 
(2005), encompasses dimensions of informed decision making, the ability to 
analyse and evaluate information, and dealing with moral reasoning and am-
biguity.  

In conclusion, a main concern in the literature about SL has been to estab-
lish what kinds of knowledge and skills are needed for civic participation. In 
related literature, critical examination and use of science for making informed 
decisions in issues relevant for everyday life have been emphasised. Yet an-
other fundamental question regarding SL concerns not only what students 
should learn from (or about) science, but also why they should engage in sci-
ence to start with. 
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Competing visions for science education 
Roberts (2007; see also Roberts, 2011) argues that there is a tension between 
two competing orientations or visions of SL (Vision I and Vision II). Accord-
ing to Roberts, the two orientations are tied to coexisting views of the goals 
and purposes for students to engage with science. Vision I focuses on matters 
‘within science’, for purposes of preparing students for postsecondary science 
education and a career in science and technology research or industry. “Vision 
I gives meaning to SL by looking inward at the canon of orthodox natural 
science, that is, the products and processes of science itself” (Roberts, 2007, 
p. 730). Vision II, on the other hand, focuses on contextualising scientific 
knowledge and skills to highlight their use and meaning in everyday life for 
the purposes of promoting citizenship. “Vision II derives its meaning from the 
character of situations with a scientific component, situations that students are 
likely to encounter as citizens” (p. 730). In contrast to Vision I, the ambition 
here is to make students aware of science as a human endeavour and enable 
them to make informed decisions on science-related issues of public concern. 
Visible as two different curricular orientations of citizenship (Eilks et al., 
2013), the tension between the two visions of SL presented by Roberts (2007; 
2011) can be described as the tension between “pipeline science” for preparing 
future scientists, and “science for all” (see also Aikenhead, 2006). The ten-
sions between competing ideologies in science curricular have been described 
by Aikenhead (2007, p.17) as  

[o]n the one hand, promoting practical utility, human values, and a connected-
ness with societal issues to achieve inclusiveness and a student-centered orien-
tation; while on the other hand, promoting professional science associations, 
the rigors of mental training, and academic screening to achieve exclusiveness 
and a scientist-centered orientation.  

 

Roberts’ (2007; 2011) two visions of SL have engaged many scholars, and 
given rise to several suggestions about how to complement it with orientations 
that to a greater extent take humanistic and critical approaches to SL into ac-
count (Haglund & Hultén, 2017). One example is found in the suggestion of 
a Vision III, (among others) elaborated on by Sjöström and Eilks (2018). 
Sjöström and Eilks’ conceptual development of Roberts’ Vision II is rooted 
in the educational-philosophical Bildung tradition. The idea of a Vision III is 
grounded in a recognition of the important role of science education in pre-
paring students for political participation in a growing complex world. In 
Sjöström and Eilks’ (2018) version, a Vision III science education incorpo-
rates worldviews, values and ethics as part of science teaching for critical and 
responsible citizenship. Thus, rather than articulating the role of science edu-
cation as providing right answers or solutions to complex issues of our time, 
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Vision III aims to make moral-philosophical-existential-political alternatives 
visible for the students.  

Another conceptual development of Roberts’ two visions of SL is found in 
a study by Sund (2016). In contrast to Sjöström and Eilks’ (2018) philosoph-
ically rooted conceptual development, Sund examined how different visions 
of SL become visible in science teachers’ selective traditions (or collective 
habits) in teaching science. Based on how SL was framed by the teachers (in 
terms of what, why and how content was addressed in education), Sund dis-
tinguishes between two categories of the Vision II suggested by Roberts 
(2007), namely Vision IIA and Vision IIB. Vision IIA concerns the applica-
tions of scientific knowledge to inform everyday life, which can be understood 
as more or less similar to the idea of the Vision II originally suggested by 
Roberts (2007). Vision IIB, however, points to the role of science in value-
driven conversations. Like Vision III (Sjöström & Eilks, 2018), Vision IIB 
illuminates the non-prescriptive features of SL, emphasising that the role of 
science education is not to stipulate particular ways in which science should 
be applied to solve practical problems in everyday life. Rather, the important 
contribution of a science education for citizenship lies in inviting students to 
encounter public issues (for instance through SSI education) in ways that in-
crease the “palette” of scientific knowledge from which they can choose their 
argument (Sund, 2016 p. 404).  

Although the theoretical and methodological starting points for Vision III 
(Sjöström & Eilks, 2018) and Vision IIB (Sund, 2016) are different, both con-
cepts point to educational opportunities in increasing students’ repertoire of 
choice when handling complex issues by bringing culture, values and moral 
reasoning into science classrooms. The notion of choice (in the form of alter-
natives) and the value of becoming engaged in moral reasoning about public 
issues of concern, are also emphasised in the works of Nussbaum (1997; 
2011). Taking a capabilities approach to science education entails studying 
citizenship in terms of freedom of choice, and how science education can pro-
vide students with opportunities to develop and practice freedom of choice. 
Thus, the aforementioned expansions of visions for a science education for 
citizenship are pertinent to the purposes of this dissertation. 

Scientific literacy as student participation 
Aikenhead (2007) stresses the idea that science in schools should be more in-
formed by humanistic perspectives, by an understanding of science as embed-
ded in cultural, economic, social and political contexts. In the research field 
of science education, humanistic perspectives have guided scholars’ examina-
tions of SL through participatory lenses. Anker-Hansen and Andrée (2015) 
examined how students’ participation in socio-political debate could be used 
for summative assessment of students’ SL in the context of science education. 
The study was set up as an intervention in collaboration with an in-service 
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teacher who taught science in lower secondary school in Sweden. A group of 
students (approximately 14 years old) were engaged in a socio-political debate 
on an authentic case concerning declining yields of fish in a lake. During the 
debate, the students were assigned the roles of different stakeholders in the 
case, such as farmers, fishermen and politicians. The analysis illustrated that 
tensions emerged between the purposes of authenticity and the task of assess-
ment. During the debate, the students struggled to balance the need to display 
scientific knowledge for the teacher’s assessment with staying true to their 
roles, demonstrating social responsibility and ‘winning’ the debate. The stu-
dents also negotiated how to address the purposes of using sources tactically 
with using sources critically (which did not necessarily coincide) in the debate. 
Anker-Hansen and Andrée concluded that rather than limiting the assessment 
of SL to students’ use of scientific facts and critical use of sources, “[s]tudents 
should be informed that they are going to be assessed on how they mutually 
engage, negotiate a repertoire and deal with their accountability for these chal-
lenges” (pp. 2593–2594).  

Conceptually anchored in a notion of scientific literacy for participation, 
Knain (2015) studied SL on the premise that language is a key component in 
understanding participation, both in science practices and in practices of sci-
ence education for citizenship. By drawing on systemic functional linguistics, 
Knain investigated the role of oral and written text in science education dis-
courses. In science, both verbal resources (such as spoken language) and vis-
ual resources (such as symbols and gestures) are drawn upon to convey mean-
ing in particular contexts. It was argued that acknowledging the meaning of 
science as situated and linguistically mediated can make visible the contingent 
nature of science and how it connects to broader social, political, and eco-
nomic institutions. Knain points out that understanding and using verbal and 
visual resources in science education are crucial for the development of SL in 
students.  

Roth and Désautels (2004) have suggested that instead of articulating the 
goals of science education in terms of SL, the starting point should be in fram-
ing a more general project of democratic citizenship, and then asking what 
kind of SL could contribute to such a project. From the authors’ viewpoint, 
public issues relating to the modification of our common nature should con-
cern all human beings, and as such, are closely tied to citizenship. Following 
this, their proposal of a general project for science education is articulated in 
terms of problematisation, meaning that science education should provide stu-
dents with opportunities and scaffolding to examine how science and technol-
ogy, as well as other domains, become relevant in managing the challenges of 
our time. “Here, we assume that it is only out of this problematization that we 
can reappraise the role of science education in the promotion and service of 
an informed and engaged citizenship” (p. 151). Roth and Désautels argue that 
in promoting citizenship, the contributions of science education lie not only in 
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teaching students about science, but also in inviting students to become in-
volved in the democratic processes in which science is made relevant and ne-
gotiated, that is, citizenship as participation. The authors build their argument 
on an ethnographic study in which lay people were engaged in questioning 
scientists and politicians in a public hearing about a contested water supply in 
their community. The citizens who participated in the hearing and their com-
munities were directly affected by the decisions to be taken. Rather than ‘pas-
sively’ accepting the voices of the scientists and politicians, the citizens ques-
tioned, in different ways, the authoritative voices pronouncing on the issue. 
Some made subtle contributions by nodding or humming while others brought 
their perspectives and experiences more loudly to the table. In meeting the 
arguments of others, some of the citizens also showed a willingness to change 
their participation in the ongoing activity. Regardless of the various ways in 
which the citizens participated, they were all part of the collective situation 
that allowed for SL to be demonstrated and for active citizenship to take place. 
According to Roth and Désautels (2004), a prerequisite for developing the 
kinds of SL valuable for participation in democratic processes, is that citizens 
have a real stake in the issue, meaning that it directly affects their lives and 
society generally. 

Nussbaum holds that an education for 'world citizenship' must be very per-
sonal. “It must be concerned with the actual situation of the pupil, with the 
current state of the pupil’s knowledge and beliefs, with the obstacles of that 
pupil and the attainment of self-scrutiny and intellectual freedom” (Nuss-
baum, 1997, p. 32). This raises questions about how students can be invited to 
participate in examinations of public issues with personal and societal rele-
vance. It also raises challenges about how to organise such activities so that 
students have incentives to examine new perspectives on the issue, to scruti-
nise authoritative voices and to renegotiate the positions they held when they 
started the enquiry.  

2.2 Scientific literacy and critical examination of science 
in the media 

Across divergent theoretical approaches to citizenship there seems to be con-
sensus among scholars that knowledge about scientific concepts and methods 
alone are not sufficient to fulfil the goal of citizenship in science education 
(DeBoer, 2000; Laugksch, 2000). Equipping students with thorough first-hand 
knowledge of all the technical and constantly evolving science underlying 
contemporary issues of concern appears to be an unrealistic educational ap-
proach. Instead, scholars argue that the promise of education lies in the oppor-
tunities it presents for improving students’ abilities to critically attend to the 
knowledge presented by others, rather than developing students’ factual 
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knowledge (e.g. Alsop, 2017; Priest, 2013). According to Priest (2013), to 
navigate a world full of competing truth claims about science, people need to 
know something about the sociology and philosophy of science. She argues 
that people’s decisions about which facts and conclusions are the most reliable 
and relevant need to rest on an understanding of how science actually works, 
namely as a set of social institutions and practices that are governed by nor-
mative and procedural assumptions. 

The concept of ‘critical scientific literacy’ centres on students’ knowledge 
about the social construction of science and the nature of scientific inquiry and 
argumentation (Hodson, 2011). A line of research tied to the notion of critical 
scientific literacy also centres on students’ ‘media literacy’ or knowledge 
about ‘how media works’. It is suggested that people’s understanding of media 
cuts across multiple strands of media, including understanding journalistic 
practices, the nature of news and the characteristics of newspaper reports 
(McClune & Jarman, 2014). Knowledge about how news media is socially 
constructed and selected in journalistic practice encompasses an understand-
ing that science in the media is typically based on its news value and actuality 
rather than on its representation of established science (Priest, 2013). Individ-
uals with a high level of media literacy can evaluate the relevance and trust-
worthiness of mediated messages by placing and interpreting them in the rel-
evant context within already-accepted knowledge (Potter, 1998). In this way, 
aspects of media literacy and SL can be seen as closely intertwined.  

The ability to critically examine science in the media requires at least some 
knowledge about related scientific concepts, as well as an awareness of how 
knowledge is created, accepted, contested and disseminated in both science 
and media communities. The importance of knowledge about both the social 
construction of science and media, and how science and media become inter-
twined, is highlighted in the concept of “scientific media literacy” (e.g. Belova 
& Eilks, 2016; Chang Rundgren & Rundgren, 2014). Belova and Eilks (2016) 
describe scientific media literacy in terms of learning about as well as with 
media in science education. Reading an online article or post about a medical 
issue supposedly creates an opportunity to learn more about that issue and 
perhaps some of the science behind it (learning with media). However, as a 
critical reader you must also question the purpose of, and the context and cir-
cumstances in which the article was created and communicated. According to 
Belova and Eilks (2016), this highlights the need to also include students’ 
learning about media in science education. Similar ideas are also advanced in 
a recent study by Höttecke and Allchin (2020). The authors point to the un-
derstanding of the epistemic nature of science practices as well as science 
communication practices as important for developing students’ critical exam-
ination of science in the media. Yet, complementary to a more traditional un-
derstanding of how scientific advancements are mediated and filtered through 
news media by science journalists (cf. Priest, 2013), Höttecke and Allchin 
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acknowledge the role of social media in sharing science with a public audi-
ence. As part of science communication practices, for example, students are 
challenged to critically examine social media by learning to use algorithms to 
aggregate news, filter bubbles, fake news and intentional disinformation. The 
authors hold that students need to develop a “bird’s-eye” perspective on how 
knowledge is produced and mediated, including their own role as consumers.  

2.3 Students’ engagement with public issues in science 
education  

In the late 1960s, students’ engagement with public issues in education was 
studied as part of the Science-Technology-Society (STS) movement, which, 
at the time, focused on dilemmas and environmental challenges connected to, 
for instance, nuclear energy (Aikenhead, 1985; Solomon & Aikenhead; 1994). 
In more recent years, teaching and learning about social dilemmas with scien-
tific dimensions has been studied as socioscientific issues (SSI) in science ed-
ucation (Sadler, 2011; Zeidler, 2014; Zeidler et al., 2005). Centred on multi-
faceted social dilemmas that link with science, and that people are likely to 
confront in their daily lives (Kolstø, 2001), SSI feature typical characteristics 
of public issues. An early and frequently cited definition of SSI is found in 
Ratcliff and Grace (2003), who describe an SSI as an issue that “has basis in 
science and has a potentially large impact on society” (p. 1). Ratcliffe and 
Grace hold that individual decision and action on SSI cannot be based solely 
on scientific facts, but must take into account the role of priorities, values and 
beliefs (cf. Kahn & Zeidler, 2016; Rundgren et al., 2016). 

Over the past decades, SSI have been given attention in science education 
and suggested as a vehicle through which to make visible and discuss the con-
nections between science and society (Sadler, 2009). Participation in sociosci-
entific reasoning is assumed to develop the kinds of scientific literacy needed 
for democratic citizenship (Kolstø, 2001). The SSI education framework has 
also been developed and promoted from the perspective that the public need 
to develop a specific morality and ethics that is different from an academic 
science practices framework (Zeidler et al., 2005). As a didactic strategy, SSI 
education is assumed to support students in becoming knowledgeable citizens, 
capable of applying scientific knowledge and a critical attitude to reasoning 
(Zeidler & Keefer, 2003). Introducing the examination of SSI in science class-
rooms has, for instance, been associated with developing students’ decision-
making and argumentation skills (Anker-Hansen & Andrée, 2015), risk as-
sessment ability (Christensen, 2009), critical reasoning skills (Belova & Eilks, 
2016) and willingness to willingness to consider alternatives in one’s reason-
ing in one’s reasoning (Jiménez-Aleixandre & Brocos, 2017). In a review of 
studies that support the exploration of SSI in science classrooms, Sadler and 
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Dawson (2012) identified four types of learning outcomes that have been re-
ported across related studies: science content knowledge, nature of science 
knowledge, interest and motivation, and argumentation. In SSI education 
studies, critical examination of science is typically studied as part of student 
argumentation, also referred to as socioscientific reasoning (eg. Morin et al., 
2013; Eggert et al., 2017).  

In a review study of literature on argumentation in science education, Er-
duran and Jiménez-Aleixandre (2008) recognise that a considerable amount 
of research about student argumentation, or socioscientific reasoning, empha-
sises students’ justification of claims by the use of scientific knowledge and 
facts. In a study by Walker and Zeidler (2007), grade 9–12 science students 
were engaged in information retrieval, followed by classroom debate on a pub-
lic controversy about genetically engineered foods. The study shows that 
when debating the issue, the students used scientific knowledge in uncritical 
ways and for rhetorical purposes. A conclusion was that more emphasis should 
be placed on the contingent nature of science, including knowledge about 
frontier research (‘science in the making’) and controversial media claims on 
public issues. In the same study, Walker and Zeidler also analysed the quality 
of students’ argumentation with Toulmin's (2003) argumentation model. Toul-
min’s model for argumentation has been widely applied in the strand of argu-
mentation studies in science education to discern argumentation qualities in 
terms of students’ use of argumentative elements, such as data, warrants, qual-
ifiers and rebuttals. 

Even though Toulmin’s model is an established means of analysing student 
argumentation in science education, Nielsen (2013b) holds that it is difficult 
to apply in educational contexts without substantial modification, and that 
qualitative aspects of students’ dialogic argumentation risks being set aside. 
“But while the strand’s standard definition of dialogic argumentation implies 
that such argumentation is dialectical, the dominant approach within the strand 
has been attempts to reduce the dialectical nature of discourse to measurable 
constructs of core elements” (p. 388). Instead, Nielsen calls for scholars to 
address how dialogic argumentation should be conceptualised in science edu-
cation, and to find new ways to make visible the dialectic features of students’ 
dialogic argumentation. He suggests that the traditional emphasis on students’ 
abilities to include scientific evidence in reasoning should be substituted by a 
focus on how students articulate scientific evidence in relation to other as-
pects. A study by Arvola Orlander and Lundegård (2012) makes visible how 
science may become relevant in students’ socioscientific reasoning without 
using Toulmin’s model as a means of analysis. 15-year-old students were en-
gaged with the topic of abortion in a science classroom. The students gathered 
arguments with diverse perspectives, and scientific facts were used when pos-
sible to relate to students’ own lives. The authors concluded that focusing on 
students’ use of scientific concepts alone in socioscientific reasoning risks re-
ducing the importance of other meaningful voices and perspectives.  
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Solli (2019) suggests an alternative conceptualisation of student engage-
ment with public issues that relates to, for instance, environment and health in 
science education. In her dissertation project on students’ reasoning about 
public issues through digital enquiry, Solli refers to related issues as sociosci-
entific controversies (SSC). She holds that in contrast to SSI, SSC, by defini-
tion, involve multiple stakeholders with different affiliations and competing 
interests. In the SSI education framework, there are studies focusing on per-
sonal dilemmas without the involvement of several actors, for instance, con-
cerning genetic disease and inheritance (Sadler, 2011). By taking a point of 
departure in the notion of SSC, Solli (2019) recognises that student handling 
of related issues must be understood in relation to their circumstances. She 
writes that “[t]he process of dealing with SSCs is not only a process of mean-
ing making of scientific concepts, processes and argumentation per se, but is 
also a process of dealing with and making meaning of, institutional demands, 
values and expectations” (p. 16).  

Besides the interest in students’ use of scientific knowledge and evidence 
when reasoning about public issues, an alternative concern has been about 
how students handle the complexity that typically surrounds such issues (By-
hring & Knain, 2015; Kahn & Zeidler, 2016), and how knowledge, values and 
experience interaction in students’ discussions (Rundgren et al., 2016). In a 
study by Sund (2015), the notion of complexity in students’ encounters with 
sustainability-related public issues was examined through the voices of upper 
secondary school teachers. 11 teachers (representing various school subjects, 
including science) from three upper secondary ESD schools in Sweden were 
interviewed about why they taught about complex sustainability issues. The 
teachers reported purposes about fostering students’ humility, raising stu-
dents’ awareness, and opening up spaces for personal connections to issues of 
public concern. The teachers also mentioned that addressing complexity in 
education creates opportunities for the students to develop tools for analysis 
and critical examination, as well as to negotiate ‘truth’. Rather than viewing 
complexity as an obstacle in education, Sund argues that “[t]he very complex-
ity of our global society, can be helpful and valuable in educational settings 
and not things to be feared” (p. 41).  

In a two-cycle, design-based study situated in upper secondary chemistry 
education in Sweden, Dudas et al. (2018) examined how complexity was con-
stituted in student deliberations on public issues, and, further, how the unfold-
ing of complexity could be supported in the chemistry classroom. Small 
groups of science students were video-recorded as they engaged in the task of 
examining batteries or environmental toxins from perspectives of sustainabil-
ity. Complexity was analysed with Deliberative Educational Questions (DEQ; 
drawing on the work of Lundegård & Wickman, 2007), which enabled the 
researchers to identify and quantify the fact- and value-oriented considerations 
made by the students, both with and without adequate facts available. The re-
sults indicated that the opportunities to unfold complexity were conditioned 
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by the features of the issues addressed, as well as by the instructions given by 
the teachers. Dudas et al. concluded that issues on the frontiers of research, 
where subject-related content is useful for the students, are important to in-
clude in science education. Also, conflicting perspectives and value aspects of 
public issues need to be explicitly requested by the teachers to be included in 
students’ discussions. 

In a recent study, Ekström and Lundholm (2020) examined students’ epis-
temic beliefs and conceptions of values and impartiality in political science 
teaching. The students were uncertain about whether disciplinary knowledge 
was to be regarded as stable and ‘objective’ or contingent and ‘subjective’, 
and seemed to lack an understanding of how knowledge is produced and le-
gitimised within the discipline. The findings also suggest that students repro-
duced an understanding of environmental issues as being of a ‘technical’ na-
ture (and therefore should be addressed ‘objectively’ by experts in the field), 
in contrast to political science teaching which the students perceived to be 
value-laden and controversial. Ekström and Lundholm argue that to support 
students’ reasoning about objectivity/subjectivity and facts/opinions in educa-
tion, teaching needs to make visible the research within the discipline, as well 
as the values, norms and different types of epistemologies (interpretive and 
positivist). The authors conclude that in a time of societal challenges regarding 
migration, gender, equality and democracy, more research is needed on how 
epistemic beliefs, emotions and sense of self influence students’ learning.  

In a study by Jiménez-Aleixandre and Brocos (2017), Spanish teachers 
were engaged in the task of negotiating how perspectives on nutrition, ecol-
ogy, economy, ethics and culture become relevant in examining vegetarian-
ism. The aim was to examine the role of consensus and conflict in students’ 
discussions, and to what extent the students were willing to take the perspec-
tives of others into account when reasoning. The result shows that Galician 
economy and food culture (where meat is integral), as well as the image of 
vegetarianism as “associated with outsiders” in Spanish and Galician society, 
had significant weight in students’ discussions (p. 136). The study concurs 
with previous findings on students’ willingness to neglect scientific evidence 
that contradicts culturally laden opinions and beliefs. 

Kahn and Zeidler (2016) emphasise the fostering of students’ socio-emo-
tional skills to encourage flexibility when reasoning. By synthesising 
knowledge about perspective-taking as developed in the fields of humanities, 
performing arts and the social sciences, the authors advance a theoretical 
model on how perspective-taking can be developed in science classrooms. 
Kahn and Zeidler suggest that teachers’ use of prompts designed to raise stu-
dents’ awareness of their own biases, beliefs and emotions may be crucial in 
developing perspective-taking. von Wright (2002) calls for science education 
practices that enable students to become aware of and critically examine their 
own and societal views, and to consider the desires and needs of others 
through the use of imagination. 
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2.4 Health literacy and managing online information 
The notion of SL covers many aspects of participation in societies. The spe-
cific focus of this dissertation, however, concers Biology and Science Studies 
education and the challenges related to SL in the context of online health in-
formation management. While the field of science education has been slow to 
respond to the navigation challenges that the Internet imposes (Klosterman et 
al., 2012), more extensive research on people’s abilities to critically attend to 
science-related information on the Internet has been conducted in the health 
literacy field. Based on an analysis of 17 health literacy definitions in litera-
ture, Sørensen and colleagues (2012) suggest the following synthesis: 

Health literacy is linked to literacy and entails people's knowledge, motivation 
and competences to access, understand, appraise, and apply health information 
in order to make judgments and take decisions in everyday life concerning 
healthcare, disease prevention and health promotion to maintain or improve 
quality of life during the life course. (p.3) 

 
Yet, as pointed out in a recent report from the American National Academies 
of Sciences, Engineering, and Medicine (2016), increasing attention is given 
to the social and physical contexts in which individuals engage in health ac-
tivities. Rudd et al. (2012, p. 26) argue that a more comprehensive definition 
of health literacy should “[i]nclude both the abilities of individuals and the 
characteristics of professionals and institutions that support or may inhibit in-
dividual or community action.” 

Mariotti et al. (2010) have analysed some of the different characteristics of 
health claims in the media that may mislead or confuse the consumer, and 
thereby have adverse effects on public health. For instance, it is suggested that 
the average person may struggle to understand some of the technical language 
in health claims. Also, lay people may perceive certain words used to make 
health claims differently to experts, such as misinterpreting “provides energy” 
(meaning calories) with “is energising” (meaning vitalising) (p. 629). Further-
more, lay people's difficulties separating ‘food’ from ‘diet’, and making 
judgements about dose-response relationships (is more better?), are high-
lighted. However, rather than addressing public awareness and critical exam-
ination skills, Mariotti et al. argue that the authorisation of health claims 
should to a greater degree weigh relevance in terms of public health. This in-
cludes, for instance, decisions about banning or limiting certain claims or in-
cluding general disclaimer statements on food packaging.  

Another strand in the health literacy field has not so much been preoccupied 
with changing the guidelines for authorisation of health claims in the media, 
as with finding tools to support lay people’s critical examination of related 
claims. Contributions from this group typically centre on the design and im-
plementation of ready-made checklists for source critique, or lists of health 
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sources already approved by experts in the field (e.g. Metzger, 2007; Gauld & 
Williams, 2009; Lee et al., 2014b). Taking a ‘checklist approach’ to improve 
critical health literacy has, for instance, been advocated on the assumption that 
lay people typically use less established or even ‘incorrect’ criteria for online 
source evaluation (Diviani et al., 2016). In examining lay people’s online in-
formation-seeking behaviour, Diviani and colleagues argue that the public 
should be educated to ask and answer a number of specified questions de-
signed to cover expert-established evaluation criteria. Such criteria should 
deal with aspects of information content and authorship, such as accuracy, 
complexity, medical expertise and references to scientific publications (see 
also Lee et al., 2014b), thus directing online retrieval towards sifting out health 
information with some scientific grounding. However, voices have also been 
raised about the importance of consulting and sharing real-life examples and 
personal narratives when learning about health (Song et al., 2016). There are 
also studies showing that examining personal experiences, peer-to-peer ex-
change and joint negotiation of the trustworthiness of online health-related 
sources are valued among students (Fergie et al., 2013). 

Previous research on people’s use of online sources in the health literacy 
field (including most of the previously mentioned) has been based on partici-
pants’ retrospective and written statements about their online information re-
trieval needs and behaviours. However, there are indications that the criteria 
people report as important to take into account when evaluating sources are 
not necessarily the criteria they actually use. In a study by Walraven et al. 
(2009), students were asked to consider their source evaluation behaviours in 
a written questionnaire, which was followed by an information retrieval activ-
ity. The criteria students initially reported as important for source evaluation 
included reliability, quality and the presence of fact rather than opinions. Yet, 
when the students later engaged in evaluating sources, task relevance, speed 
and easy access were among the most influential factors in navigating infor-
mation.  

In two Norwegian studies, Pettersen (2005a, 2005b) examined the particu-
lar role of science education in developing students’ health literacy. The re-
sults show that the technical and oftentimes controversial characteristics of 
health information are not only challenging for a public audience (Pettersen, 
2005a; see also Priest, 2013). In the study, newspaper health journalists were 
asked about, for instance, their educational background, sources of health 
news and improvement needs in a questionnaire and in-depth interviews. The 
results showed that none of the health journalists had any qualification in the 
health or biological sciences, and many of the respondents stated a need to 
improve their own critical evaluation of health claims. Since health news fil-
tered by journalists does not necessarily justify specific health advancements, 
Pettersen points to the important role of science education in developing stu-
dents’ own abilities to critically attend to health claims in the media. The au-
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thor argues that health news should be part of science teaching to raise stu-
dents’ knowledge about how health news is selected, the nature of science and 
essentials of statistics. Pettersen (2005b) suggests that critical evaluation of 
complementary-alternative medicine and health claims in the media might be 
a promising approach for teachers to apply in any upper secondary science 
classroom.  

Complementary to the role of understanding and evaluating health infor-
mation in the media, there is a body of research that advocates a more holistic 
approach to health literacy, encompassing emotive, relational, participatory 
and existential aspects of health (Fetro, 2010). In a recent cross-cultural Swe-
dish study (Kostenuis et al., 2017) examined opportunities to promote stu-
dents’ health literacy based on the students’ own perspectives and ideas. In 
total, 540 students between the ages of 10 and 15 shared their experiences 
about health and wellbeing and shared their thoughts on how health could be 
improved. The results showed that relations with other people, as well as in-
teractive technology can support health literacy and increase student health 
and well-being. “Aspects supporting health literacy included descriptions of 
how to foster positive relationships by caring and confirming with others. The 
schoolchildren’s experiences illuminate relationships in which the participat-
ing persons are honest, respectful and have empathy for each other” (p. 239). 
The students reported that being able to access and seek health knowledge on 
the Internet enhances feelings of empowerment and well-being. According to 
Kostenius et al., the study made visible the empowering role of education in 
providing opportunities for participation and engagement with health issues.  

Lundström et al. (2012) have examined how young people's identity con-
struction connects to how they position themselves in an ongoing health issue. 
The study was performed at the time of the outbreak of an influenza pandemic, 
in the media referred to as the swine flu. Seven students volunteered to film 
situations in which they believed knowledge about science was important for 
everyday life, as well as to comment on how they handled the dilemma about 
whether to vaccinate themselves against the influenza or not. The results 
showed that even though the school served as a context for discussions about 
the disease and vaccination among the teenagers, the authoritative voices of 
teachers carried little weight in the students’ decisions. Instead, the risks of 
taking the vaccine (for instance in relation to side effects), as well as solidarity, 
family, friends and media reporting were all given value in talk about vaccina-
tions. Lundström and colleagues concluded that “[s]cience education must 
find a way to reason from this personal level but with the help of scientific 
reasoning. We also emphasize the importance of working with media reports 
and media critics in socioscientific issues as media reports are cited diligently” 
(p. 216).  
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2.5 Learning in a digital environment 
From where we stand today, at least in many parts of the world, the use of the 
Internet for information retrieval, communication and problem solving is an 
integral part of everyday life. With the introduction of digital technology and 
the Internet to classrooms, access to information about public issues that relate 
to science and scientific advancements has significantly increased over the last 
few decades (Hsu et al., 2014; Walraven et al., 2009). In the early years of 
digital technology in schools, the Internet was primarily regarded as a valuable 
resource for teachers to update their subject content knowledge, and to find 
information about scientific advancements to be introduced to their students 
(Linn, 2003). Based on a fear that students would be confronted with frag-
mented or misleading information, some scholars even dissuaded teachers 
from engaging their students in online activities (Zeidler & Nichols, 2009). 
This view has gradually changed in research and in education practices 
(Selwyn, 2011). The teachers and the textbooks are no longer the sole sources 
of information, and with that follows both opportunities and challenges for 
teaching and learning (Säljö et al., 2011).  

The students are faced with a learning environment in which they encounter 
a broad range of text genres and multiple perspectives on the issues at hand 
(Mäkitalo et al., 2009). However, as pointed out by Säljö et al. (2011), the 
ways in which students’ achievements are made visible for assessment have 
not necessarily changed at the same pace as has the use of digital technology 
in schools. Even when learning takes place in an interconnected digital envi-
ronment, individual and written forms of measuring students’ achievements 
still hold a special position in education. It is argued that scholars need to en-
gage in an epistemological discussion and produce knowledge about how 
learning in a digital environment can be designed, supported and assessed in 
educational contexts (Kress & Selander, 2010; Säljö et al., 2011).  

In a Danish case study, Dohn and Dohn (2017) examined how integrating 
social media in upper secondary biology education can affect students’ inter-
est in biology and participation in learning communication. Since most of the 
students already used Facebook, it was chosen as the social media platform 
for student activities. In a closed Facebook group to which the students were 
invited, the teacher initiated discussions on topics related to the Biology cur-
riculum and everyday life, such as “[w]hat does it mean to be a healthy human 
being?” (p. 1311). Most comments on the topics were collaboratively posted 
by groups of students in the context of the classroom. Student interaction was 
followed on Facebook and in the classroom and complemented with inter-
views during which the students were asked about their interest in biology and 
experiences in participating in the digital media project. The results showed 
that the coupling of formal and informal communication practices on Face-
book served to maintain students’ interest in the school subject. However, the 
blend of communication practices also created barriers for student learning 
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due to ethical issues and the ‘everydayness’ of Facebook. For instance, some 
students reported feelings of being surveilled by the teacher in a private forum 
where they normally participated voluntarily and out of school. Furthermore, 
the students reported that they found the digital activities interesting, but not 
necessarily of a particularly ‘biological’ nature, and as such, possibly more 
connected to a social studies class. Also, the teacher had difficulties communi-
cating expected learning outcomes to the students. The authors state that “[t]he 
lack of transparency of educational demands on Facebook is an indication that 
the communicative practices themselves have to be transformed to fully em-
brace learning communication” (p. 1323). The ways in which the students 
struggled with communicative challenges in the blend of everyday digital me-
dia use and science education practice in the study by Dohn and Dohn, give 
further support to the previous suggestion that the use of digital tools may not 
be directly transferable across contexts (Lantz-Andersson, 2016). How stu-
dents discuss something in the context of a science classroom may not neces-
sarily reflect how they would confront it outside of the school situation (cf. 
Andrée & Lager-Nyqvist, 2012).  

Solli et al. (2019) have investigated how groups of students navigate the 
discursive complexity of socioscientific controversies presented on the Inter-
net through dialogue, and how the students make multiple voices present in 
their discourse. The participating students attended the Natural Science pro-
gramme in Swedish upper secondary school, and four teachers with different 
disciplinary backgrounds were recruited to the project. The researchers for-
mulated the research objective — that the teachers coupled to Science curric-
ulum learning goals about critical examination of science and sustainable de-
velopment. The student groups were engaged in a task to search for online 
information about either genetically modified organisms (GMO) or hydraulic 
fracturing, and to visually represent relevant data through the use of digital 
tools for controversy mapping. The digital mapping of different perspectives 
constituted the foundation for students’ participation in a classroom-based 
press conference, during which the students enacted specific stakeholders in 
the controversy. The student discussions were analysed from a dialogic per-
spective, focusing on how the students referred to and evaluated relevant 
sources, distanced themselves from the stakes involved and provided evi-
dence. The results showed that the students made use of the ideas, opinions 
and perspectives of others to illuminate the controversies from multiple per-
spectives. The voices of others were used to support students’ own views or 
functioned as counter-positions that others sought to resist. The study also 
demonstrated how the notions of objectivity, neutrality and evidence become 
relevant in students’ examination of controversial issues in the media. For ex-
ample, the students evaluated the voices of new media as neutral, providing 
opposing views on the issues at hand. When formulating claims about hydrau-
lic fracturing, the students articulated a strong cause and effect relationship 
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between living close to a drill station and the development of different symp-
toms linked to particular diseases — even when this relationship was difficult 
to establish. Acknowledging the emphasis on students' abilities to separate 
scientific from non-scientific claims in the Swedish Science curriculum, it is 
argued that the students “[o]rient to and echo this school science voice by fo-
cusing on referencing relevant sources and reformulating these voices to sub-
stantiate the claims made” (p. 1611). The science of relevance to public issues 
was characterised by a lack rather than an existence of consensus and estab-
lished knowledge. Solli et al. conclude that authoritative voices may be ques-
tioned through dialogue, particularly when we are helped by others to become 
aware of alternative ideas. 

In the vast majority of studies in which students’ learning in a digital envi-
ronment is examined, the digital activities or tools have been designed by uni-
versity-based researchers and implemented in teaching practice by the partic-
ipating teachers. In fewer cases, such as some of the studies reported here (cf. 
Dohn & Dohn, 2017; Solli et al., 2019), the teachers were invited to make 
actual contributions to, or at least partly modify, the design of learning activ-
ities to meet the demands of the local school practice. Also, the research ob-
jectives stated by the researchers typically differ from the learning goals stated 
by the teachers. To ensure validity in educational participatory research, it is 
recommended that both teachers’ and researchers’ voices and perspectives are 
included in the research process (Anderson & Herr, 1999). When teachers and 
researchers are occupied with different objectives and goals in the classroom 
situation, there is a risk of excluding the teacher from the research process, 
and thereby also excluding the challenges of making research relevant for ad-
vancing school practice. The advancement of various forms of participatory 
research in the field of education is motivated by the possibilities of improving 
the relevance and impact of education research outcomes (Andersson & Shat-
tuck, 2012), and as a way to bridge the gap between practice and research 
(Luft & Wong, 2014). Yet, researchers often assume that ‘closing the gap’ 
implies that school practice should change to move closer to research, whereas 
school practice seldom informs research in a substantial way (Hamza et al., 
2018). To close the gap between research and practice, McIntyre (2005) ar-
gues that there is a need for teachers and researchers to engage in a critical 
dialogue about their various kinds of knowledge and how these can be synthe-
sised and incorporated into one’s own practice.  

2.6 Summing up 
In the literature, there is a body of research in which students’ engagement 
with public issues (SSI) has been studied in terms of students’ understanding 
and use of scientific facts and formation of evidence-based arguments in rea-
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soning — for the purposes of personal decision-making as well as for persuad-
ing others (Jimenez-Aleixandre & Erduran, 2008). Given the complexity of 
public issues, there is also an acknowledged need to go beyond facts and rhet-
oric and broaden our understanding of what critical examination of public is-
sues in the media entails (e.g. Nielsen, 2013a; 2013b). A suggested path for-
ward is inviting students to participate in epistemological work where notions 
of ‘truth’, ‘trustworthiness’ and ‘objectivity’ are negotiated (Ekström & 
Lundholm, 2020; Solli et al., 2019). Among scholars, there is an increased 
emphasis on importance of the role of students unfolding the complexity of 
public issues (Biesta, 2007; Dudas et al., 2018; Sund, 2015) and dialogically 
negotiating these issues in relation to societal norms, values and traditions (Ji-
ménez-Aleixandre & Brocos, 2017). Other suggestions point to the signifi-
cance of looking into the relational, emotional and moral dimensions of ex-
amining public issues, given how they directly affect people’s lives (Alsop, 
2017; von Wright, 2002). Similar arguments have been raised in the health 
literacy field, where scholars are advocating a more holistic approach to health 
literacy (e.g. Fetro, 2010, Kostenius et al., 2017), complementary to the pre-
dominant focus on people’s use of ‘incorrect’ criteria, and the implementation 
of expert-made checklists for source critique (e.g. Diviani et al., 2016; Lee et 
al., 2014a, 2014b).  

It has been suggested that science education has an important role to play 
in developing students’ abilities to critically attend to controversial health 
claims in the media (Petterson, 2005a, 2005b; Lundström et al., 2012). Yet, 
there are currently few empirical studies that investigate science education 
practices in which students are invited to engage with online resources that 
have not been prechosen by the teacher (Klosterman et al., 2012). Instead, if 
we turn to research in health literacy, studies about people’s critical engage-
ment with health information on the Internet typically rely on participants' ret-
rospective self-reports on their information-seeking behaviours, rather than in 
situ studies. In the literature, there is a recognised need for scholars to engage 
in an epistemological discussion, as well as in knowledge production, about 
how learning in a digital environment can be designed, supported and assessed 
in actual educational contexts (Kress & Selander, 2010; Säljö et al., 2011).  

In parallel to the voices raised about the importance of situating research 
about students’ learning in school practice, are questions about the teacher’s 
role and influence in education research. Participatory methodologies have 
been suggested as viable approaches to make education research relevant for 
school practice (Anderson & Schattuck, 2012).  

A considerable amount of research on students’ engagement with public 
issues in the media focuses on students’ learning from an individualistic per-
spective, assuming knowledge to be individual (Bencze & Alsop, 2014). 
Fewer studies in science education examine epistemology as a social practice, 
constituted through situated participation. Taking a sociocultural perspective 
on science education means that students’ actions are viewed as embedded in 
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goal-oriented, normative and value-laden historical and institutional settings 
(Säljö, 2005; Säljö et al., 2010). In taking a participatory approach to citizen-
ship, Roth and Désautels (2014) point out the necessity of finding frameworks 
to articulate a more general project of democratic citizenship, and then asking 
what kind of SL can contribute to such a project. 
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3 Theoretical perspectives on citizenship and 
science learning 

 

The previous chapter provided an overview of research about how the notion 
of citizenship and students’ critical examination of public issues in the media 
have been studied in science education through different methodologies and 
various theoretical and philosophical lenses. This dissertation is theoretically 
guided by the works of philosopher Martha Nussbaum. Influenced by the tra-
dition of critical reflection from Socrates and the Stoics, Nussbaum offers a 
moral theory of justice that considers the quality of life of human and non-
human beings in multicultural societies. Her theoretical contributions in the 
fields of moral and political philosophy are extensive. In this dissertation, I 
draw on her work, specifically focussing on capabilities as part of the capabil-
ities approach (Nussbaum, 2000, 2011) and her depiction of a ‘world citizen-
ship’ education (Nussbaum, 1997).  

This chapter provides an outline of the philosophical and conceptual foun-
dations of the capabilities approach with a particular focus on how it has been 
developed by Nussbaum. Nussbaum’s notion of 'world citizenship' is pre-
sented and discussed in relation to how she envisions a citizenship education 
— that is, a liberal education. I also bring forward some of the critiques and 
suggested limitations of Nussbaum’s work. This dissertation builds on episte-
mological assumptions about learning as situated and developed in social 
practices, which I discuss at the end of the chapter. 

3.1 A capabilities approach to human well-being 
The capabilities approach was pioneered by economist Amartya Sen, and fur-
ther elaborated in his subsequent publications during the 1980s and 1990s. 
Concerned with human capability and freedom, Sen’s framework offers an 
alternative approach to utilitarian or resource-centred approaches to the as-
sessment of human development and well-being (cf. Sen, 1985, 1989, 1999). 
Sen’s criticism of established welfare measures was partly based on the argu-
ment that established approaches to welfare economics focusing on resources 
or utilities were too narrow to fully capture the complexity that characterises 
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the ‘good life’. In his most comprehensive account of the capabilities ap-
proach, Sen (1999) suggests an alternative focus on what people are able to 
do and to be — what opportunities do people have to live their lives in ways 
that they have reason to value? Sen holds that opportunities to live a good life 
arise as people gain access to a set of valuable beings and doings, such as 
being healthy or engaging in activities that they find meaningful. This partic-
ular feature it is argued distinguishes the capabilities approach from more es-
tablished utilitarian or resource-centred approaches to welfare economics, 
which mainly focus on subjective well-being or people's access to means in 
terms of goods and services (Clark, 2005). According to Clark, utilitarian 
measures of human development in their simplest forms, such as Gross Do-
mestic Product GDP, are grounded in the assumption that people’s consump-
tion of goods and services yields additive happiness or utility. Consequently, 
anything contributing to well-being and fulfillment in life which is not bought 
on the market, such as people caring for others, engaging in public life or pur-
suing social activities, cannot be measured.  

To illustrate how people’s mere access to utilities does not provide an ap-
propriate measure of well-being, Sen uses the example of a bicycle (1999, p. 
10). From a resource point of view, a bicycle is a means of transportation. Yet, 
whether the bike will extend a person’s mobility depends on the person’s abil-
ities to actually ride the bike. Obviously, without a bike one cannot bike. How-
ever, having access to a bike does not imply that a person is able to use it. Sen 
points out that people often differ in their abilities to convert a given resource 
into functionings that they have reason to value. Sen’s conclusion is that meas-
uring people’s mere access to bikes (or any resource) will not provide an ap-
propriate measure of their opportunities to have transportation because such 
calculations do not account for injustices. Therefore, the capabilities approach 
offers a switch of the evaluative variables away from resources and utility to 
focus on what people are able to do and to be.  

The notion of capabilities has been given multiple theoretical meanings in 
the literature, and is also used in education policy as well as in everyday life. 
The capabilities approach offers a conceptual unpacking of capabilities by dis-
tinguishing between capabilities and functionings. According to Sen (1999), 
functionings illustrate what a person manages to do or to be, and should be 
separated from the commodities used to employ them (the ability to ride a bike 
versus possessing a bike). Functionings may take the form of activities (like 
reading or running), physical states (like being healthy or ill), mental states 
(like being happy or anxious), or the form of social positions (like being well 
integrated in society). Sen (1999) refers to capabilities as substantial freedoms 
in that capabilities create opportunities for people to choose different func-
tionings that they have reason to value. Functionings (ways of doing or being) 
are the realisations of capabilities if they have been chosen in the presence of 
other possible functionings. To clarify how capabilities and functionings dif-
fer, Sen uses an oft-cited example of a person who is starving and a person 
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who is fasting. From a strictly nutritional standpoint they share the same kind 
of functioning in that neither of them is providing their body with energy and 
nutrients. However, Sen’s depiction of capabilities as substantial freedoms al-
lows us to understand the two persons as not exercising the same kind of ca-
pabilities. Fasting is a choice, whereas starving is a state that has been forced 
upon an individual. In contrast to traditional welfare economics, Sen argues 
that starvation or poverty are not just a lack of commodities, they are a failure 
in capabilities. He treats commodities, such as food or income, as means to an 
end — that is, capabilities. 

Closely tied to capabilities and functionings agency constitutes a crucial 
dimension of human well-being. Sen (1999) argues that agency is important 
for human freedom and democratic participation in that it enables people to 
pursue life goals that they have reason to value. In his later work, Sen comes 
to emphasise the participatory and relational aspect of human agency, and the 
important role of education in creating opportunities for agency: 

The crucial role of social opportunities is to expand the realm of human agency 
and freedom, both as an end in itself and as a means of further expansion of 
freedom. The word ‘social’ in the expression ‘social opportunity’ /.../ is a useful 
reminder not to view individuals and their opportunities in isolated terms. The 
options that a person has depend greatly on relations with others and on what 
the state and other institutions do. We shall be particularly concerned with those 
opportunities that are strongly influenced by social circumstances and public 
policy, especially those relating to education, health, nutrition, social equity, 
civil liberties and other basic aspects of human life. (Drèze & Sen, 2002 p. 6)  

 
In his version of the capabilities approach, Sen leaves it up to individuals in 
different circumstances to determine what capabilities to value and how to 
understand and weigh them in relation to local beliefs and circumstances 
through a process of democratic deliberation. One of the major critiques of 
Sen’s writings has been the need to complement his framework with a theory 
of ‘the good’ to serve as a moral compass in thinking about capabilities (Clark, 
2005). This critique has engaged many scholars and rendered suggestions 
about procedural approaches to support the selection of capabilities for vari-
ous purposes, as well as actual lists of capabilities argued to be essential for 
human well-being (e.g. Alkire & Black, 1997; Alkire 2002; Clark 2002; Rob-
eyns, 2003). The most influential and extensive attempts to expand the capa-
bilities approach, including making proposals about what capabilities to value, 
is found in the works of philosopher Martha Nussbaum (e.g. Nussbaum, 1988, 
2000, 2011). 
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3.2 Nussbaum’s conceptual development  
Nussbaum’s main contributions to the capabilities approach have focused on 
complementing the framework with a moral theory of justice, articulated as 
central capabilities (or areas of human freedoms), which must be protected 
and promoted by governments to ensure human dignity (2011). Moreover, 
Nussbaum’s contributions to the capabilities approach explore the role of ed-
ucation in promoting citizenship. Raised as argument for reform, Nussbaum 
contends that citizenship education should be centred on critical thought, stu-
dents’ capacity to argue and the active participation of students as valuable 
members of democracy. Such a view of education propelled her to defend the 
presence of the humanities in higher education. Although Sen and Nussbaum 
to a great extent argue along the same lines, there are differences with regard 
to their understanding of capabilities and their theoretical underpinnings (Rob-
eyns, 2003). Whereas Sen’s version of the capabilities approach framework 
has its roots in Indian philosophy, for example, in the ideas of Mahatma Gan-
dhi, Nussbaum’s philosophical influences are works from ancient Greece and 
Rome. Nussbaum’s first contribution to the capabilities approach (Nuss-
baum,1988) is based on her reading of Aristotle’s politics and ethics. In her 
first book-length work on the capabilities approach framework, Nussbaum 
(2000) suggests an expanded understanding and use of the key concepts of 
capabilities and functionings introduced by Sen, in which she distinguishes 
between different kinds of capabilities. 

Nussbaum (2011) unpacks the notion of capabilities by distinguishing be-
tween three different levels or categories: basic, internal and combined. The 
basic capabilities, such as the capabilities of a newborn to hear and see, are 
described as innate capabilities. They are fundamental in that they are prereq-
uisites for the fostering of more advanced capabilities. These are what Nuss-
baum calls the internal capabilities, such as our skill to participate in a con-
versation with our peers, or our skill to run a race. According to Nussbaum, 
the internal capabilities are developed and refined as we interact with our so-
cial environment and, as such, are the result of training and learning. We may 
learn the skill of conversing after practicing speaking with family, friends and 
relatives, just as we may learn the skill of running after practicing good posture 
and pacing with a coach. As pointed out by Robeyns (2003), the internal ca-
pabilities are not a reflection of people’s real opportunities. Under favourable 
conditions, such as peers being present for a discussion or the opportunity to 
participate in a race, we may choose to practice our skills to converse or run 
(or we may choose not to do so). These are what Nussbaum refers to as the 
combined capabilities, in effect the internal capabilities in combination with 
the external conditions. She writes that capabilities “[a]re not just abilities re-
siding inside a person but also freedoms or opportunities created by a combi-
nation of personal abilities and the political, social, and economic environ-
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ment” (Nussbaum, 2011 p. 20). Nussbaum’s specifying various kinds of ca-
pabilities has been described as a response to a need to more sharply distin-
guish between people’s ‘skills’ and their actual opportunities for doing or be-
ing in a given situation (Clark, 2005).  

Sen, who pioneered the capabilities approach, introduced it as an alterna-
tive approach to welfare economics for the assessment of people’s quality of 
life and for analysing poverty (Clark, 2005). Nussbaum, however, finds sup-
port in the Aristotelian (and Marxian) ideas about human flourishing and hu-
man dignity when suggesting an expanded use of the capabilities approach 
framework as a policy-making tool. 

The earliest and most important historical source for the Capabilities Approach 
is, then, the political and ethical thought of Aristotle. Aristotle believed that 
political planners need to understand what human beings require for a flourish-
ing life. He explicitly said that his ethical writings about the flourishing human 
life were intended as guides for his society’s future politicians, so that they 
could see what they were trying to achieve. (Nussbaum, 2011 p. 125)  

 
Drawing on the works of Aristotle, Nussbaum argues that matters of justice 
should take priority in our reflections on social policy so that every human can 
flourish. Unlike Sen, who describes capabilities in more general terms, Nuss-
baum proposes a detailed list of central capabilities to guide policy in securing 
human dignity and the good life. Nussbaum’s list of central capabilities are: 
to be able to live; to be able to have health and physical integrity; to be able 
to exercise the senses, imagination and thought; to be able to feel and express 
emotions; to be able to form a conception of good and to reflect critically on 
the planning of life (in the sense of practical reason); to be able to live with 
and for others and to have the necessary social basis to have a close and re-
spectful relationship with animals, plants and the natural world4 (affiliation); 
to be able to laugh, play and enjoy recreational activities; to be able to control 
one’s political, material and employment environment (Nussbaum, 2011 pp. 
33–34). Nussbaum elevates these capabilities to the status of rights and holds 
that a certain threshold of these capabilities needs to be protected to ensure a 
minimal level of social justice. The capabilities approach regards capabilities 
as freedoms, where freedom has an intrinsic value. Thus, Nussbaum points 
out, there is a significant moral difference between a policy that promotes 
health, and one that promotes capabilities for health. The latter allows for 
freedom of choice in how to live a healthy life (2011). Even though normative 
in nature, Nussbaum’s ‘moral compass’, it is argued, cultivates the value of 
cultural and social diversity in allowing for (or even being conditioned by) 
                                                   
4 Nussbaum describes this capability as dealing with our relations to ‘other species’ (Nussbaum, 
2011 p. 35). Thus, unlike Sen, her version of the capabilities approach framework accounts for 
the lives of non-humans as well as for human beings. See also Nussbaum (2004a).  
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additional specification and deliberation by citizens in their specific commu-
nities (Ponce et al., 2018).  

3.3 A capabilities approach to education  
In a global context in which uncertainty and complexity are salient, questions 
emerge that go to the root of things; questions such as how and to what end 
should citizens be educated? It has been argued that our times resurface the 
question of the role of education and that it needs to be rethought from a phil-
osophical perspective (Ponce, et al., 2018). Nussbaum's (1997) philosophical 
vision of an education for citizenship allows one to view education as a project 
of cultivating humanity for the purposes of human flourishing. The central ca-
pabilities listed by Nussbaum are not formulated as educational goals, but ra-
ther as goals to guide policy for securing justice on a more general and societal 
level. Yet, Nussbaum argues that the capabilities approach provides a basis to 
think about the goals of an education for citizenship in relation to contempo-
rary societal challenges, such as those concerning globalisation and techno-
logical developments (Nussbaum, 2011). She holds that “[c]apabilities, not 
functionings, are appropriate learning goals, because room is thereby left for 
the exercise of human freedom” (2011, p. 25). If learning goals are formulated 
as articulations of what the students should be able to do or to be, then educa-
tion practices should aim at making students function in certain, predefined 
ways. However, if we focus on the development of students’ capabilities as 
goals for education, then opportunities open up for the students to engage in 
issues of concern in ways that are meaningful for them and which allow them 
to pursue their lives in many different ways (Walker, 2012). Separating capa-
bilities from functionings opens up possibilities to reflect on students’ learning 
in relation to the actual opportunities provided to learn in a situation.  

A capabilities approach to education can be understood in light of the dif-
ference between formulating the goals of education in terms of capabilities or 
in terms of competences, where the latter is traditionally associated with suc-
cessful and effective behaviour or problem solving (Westera, 2001). Even 
though there are several definitions, competences can be understood as 
“[e]xternally demand-oriented as they are intended to provide the individual 
with the appropriate skills to solve problems that arise from the outside, that 
is from other individuals or institutions in society” (Lozano et al., 2012, pp. 
139–140). From a capabilities approach to education, promoting competences 
would emphasise the function side of capabilities by stipulating what the stu-
dents should be able to do to purposefully serve society. The concept of capa-
bilities is distinct from that of competences in that it points to the transforma-
tive potential of education in expanding the students’ repertoires of choice 
(Carlgren, 2016). The promises of capabilities lie not in how they are enacted, 
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but rather in the potential for people to act in the various ways that capabilities 
bring about.  

Thus, in education, the capabilities approach makes visible the role of en-
couraging student agency, in the sense that developing capabilities requires 
deliberation and reconsiderations of the moral values that underpin how we 
live our lives (Nussbaum, 1997). Advocated as a vision for the reform of lib-
eral5 education, Nussbaum offers a philosophical rationale for a liberal educa-
tion that centres on people’s willingness to expand their circles of whom they 
care about and to connect themselves to a greater humanity — that is, a ‘world 
citizenship’ education. 
 

3.4 ‘World citizenship’ education 

Becoming an educated citizen means learning a lot of facts and mastering tech-
niques of reasoning. But it means something more. It means how to be a human 
being capable of love and imagination. (Nussbaum, 1997, p. 9) 

 

In her writings, Nussbaum (1997) argues for a particular norm of citizenship 
and makes educational proposals following that ideal. With philosophic refer-
ence to the Socratic notion of ‘an examined life’ and the Aristotelian ideal of 
human dignity and flourishing, Nussbaum proposes that educating citizens of 
the world is a project of cultivating humanity, “[t]hat is a cultivation of the 
whole human being for the functions of citizenship and life generally” (Nuss-
baum, 1997, p. 9). Nussbaum distinguishes three, closely interrelated capaci-
ties to be essential for cultivating humanity: 1) the ability to critically examine 
oneself and one’s traditions (living ‘an examined life’); 2) the ability to see 
oneself not only as a member of a local group but as bound to all other humans; 
and 3) the ability to put oneself in another person’s shoes to understand their 
emotions and desires — that is, to practice narrative imagination.  

Living ‘an examined life’ 
Nussbaum’s (1997) conceptualisation of an examined life focuses on our ca-
pabilities to discern and willingness to scrutinise ourselves and how we live 
our lives, as well as capability to question authoritative voices in society. Fol-
lowing the Socratic ideal of an examined life is the capability to reason 

                                                   
5 Nussbaum (1997) depicts education as a liberal project of cultivating humanity. Influenced by 
Seneca, she unpacks the word liberal, liberalis, as ‘freelike’ in the sense that a liberal education 
“[i]s one that makes its pupils free, able to take charge of their own thoughts and to conduct 
critical examination of their society’s norms and traditions.” (p. 30). 
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through complex issues in the sense of examining one’s own thinking and that 
of others, including to critically examine the arguments used to justify such 
thinking. Such an enquiry involves knowing the difference between logically 
valid and invalid arguments, as well as being able to say something about the 
truth of premises. A question raised by von Wright (2002) is whether the kind 
of intellectual training advocated by Nussbaum (in the sense of consistency of 
reasoning and correctness of fact) can contribute to challenging and changing 
our habits and affinities. “Can it help us develop the ability to actually handle 
confrontations in our lived experiences?” she asks (p. 409). In Nussbaum’s 
version of an examined life, self-scrutiny reaches beyond becoming aware of 
and reasoning about one’s deeply held beliefs in the sense of testing them for 
consistency. Living an examined life means to be open to alternative ways of 
living, and thereby to be willing to renegotiate the views one held at the be-
ginning of the enquiry. When we are able to discern a position, we have the 
capacity to distinguish it as divergent from one or several alternative positions. 
Contrasting what is new with what is already familiar expands our repertoire 
of possible positions and enables us to become aware of and to reconsider our 
own (positions).  

From Nussbaum's (1997) viewpoint, participation in democratic practices 
where public issues are examined is not so much about debating one’s own 
personal preferences and allowing them to collide with one another. The pro-
cess of self-scrutiny is reflective in nature, building on mutual understanding 
and deliberation. She suggests that participation in critical examination of 
public issues has the potential for creating people who think for themselves, 
without internalising the authoritative voice of tradition. An education that 
aims to make students think for themselves, does not imply that students 
should be trained to think alone, or for themselves. Rather, the notion of 'an 
examined life' points out the important role of science education in providing 
students with opportunities to engage in controversial issues so that what is 
taken-for-granted, natural, or neutral becomes subjected to mutual scrutiny. 
Not for the purposes of narrowing the students’ gaze by directing it ‘inwards’ 
in self-examination, but to expand their repertoires of ethical ways of living 
their lives. It is in the meeting with what is different that we become aware of 
ourselves. As for science education, the notion of 'an examined life', points to 
the value of encouraging students to question the authoritative voice and priv-
ileged position of scientific knowledge, and to reflect upon how scientific 
knowledge (as well as knowledge from other domains) becomes relevant in 
handling issues of public concern.  

Seeing oneself as bound to others 
As outlined previously, Nussbaum (1997) argues that critically examining 
oneself implies to identify and question authoritative voices in society, for in-
stance, in the form of traditions, norms, habits and institutions. Yet, her notion 
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of self is not restricted to an examination of the individual by the individual, 
but extended to encompass a critical examination of views and habits as 
shaped by social contexts and as such possible to renegotiate and reframe col-
lectively. Nussbaum (1997) proposes a meaning of  'world citizenship' that 
encompasses acting and managing one’s life in ways sensitive to the situations 
and desires of others. Thus, even though people’s freedom of choice is given 
priority in the capabilities approach, freedom should be exercised in ways that 
respect the core values of any democracy, which means acceptance of plurality 
and solidarity with others. Nussbaum’s notion of ‘others’ does not only en-
compass our family, closest circle of friends or any local group. Seeing oneself 
as bound to others implies to understand how common needs and aims are 
realised in different contexts by all other humans. In von Wright's (2002) in-
terpretation of Nussbaum’s work, this means that no local group is given pri-
ority, and that empathy and compassion (rather than factual knowledge) is 
what genuinely brings different people together.  

Like practicing 'an examined life', seeing oneself as bound to others is a 
social activity, practiced through participation in dialogue with others. Nuss-
baum (1997) writes that empathic understanding of people who are different 
“[n]eeds to be developed in a specifically democratic way, as an essential part 
of thinking and judging well” (p. 95). To make moral judgements about issues 
of public concern, we need to have anticipatory communication with others, 
and become aware of the perspectives of other people. According to von 
Wright (2002), the process of thinking differs from that of making judge-
ments. von Wright holds that the act of thinking about others does not neces-
sarily requires the actual presence of others. For judgements to be valid, 
though, the others need to be there. From an educational perspective, the ar-
guments raised by Nussbaum (1997), and further developed by von Wright 
(2002), have fundamental consequences for why and how students should be 
invited to critically examine public issues. Rather than demonstrating how sci-
ence might become relevant in society, the reasons to engage students in crit-
ical examination of public issues are tied to bringing people together through 
ties of compassionate concern. Solidarity, then, may be practiced through stu-
dents’ participation in democratic processes.  

Narrative imagination 
The third ability essential for world citizenship is closely related to the first 
two and is called narrative imagination. Introducing the concept, Nussbaum 
(1997) writes: 

This means the ability to think what it might be like to be in the shoes of a 
person different from oneself, to be an intelligent reader of that person's story, 
and to understand the emotions and wishes and desires that someone so placed 
might have. (pp. 10–11)  
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Narrative imagination can be thought of as a ‘particular form of vision’ that 
enables one to transcend one’s individual position or perspective to shape an 
informed and compassionate understanding of another person or group of peo-
ple. Through narrative imagination, we can see how different circumstances 
shape the lives of our fellow citizens. We can also form an understanding of 
how circumstances shape people’s possibilities for action as well as their de-
sires, their hopes and aspirations. According to Nussbaum (1997), this is a 
kind of compassion that is essential for practicing world citizenship. Nuss-
baum suggests that literature can bring people together and provide us with 
access to other people’s world views. In today’s societies, the same can be 
said about the Internet. Through digital media we can connect with people 
around the world and take part of their narratives and experiences. However, 
as von Wright (2002) points out, taking the perspectives of others through 
narrative imagination does not imply becoming “[a] tourist or a casual guest 
in another person’s world” (p. 413). Of course, we can never experience the 
world from another person's standpoint. However, what we can do is antici-
pate what the other feels, and we can imagine what it would be like to be that 
other person.  

The notion of narrative imagination tentatively points out the qualitative 
aspects of students’ critical examination of public issues in the media that have 
been given little recognition in previous research. The Internet is more than a 
mere source of information about public issues — it may constitute a platform 
for students to better understand others and themselves. Thus, students should 
not only be encouraged to read about others through multiple sources, but also 
through their imaginations. von Wright (2002) believes that students’ practic-
ing of narrative imagination in education presents opportunities for them “[t]o 
transcend their individual egocentric positions when meeting others in the 
course of their lives as democratic citizens” (p. 408).  

Nussbaum’s theoretical work allows us to conceptualise the role of science 
education for citizenship as that of providing students with opportunities to 
develop capabilities to live their lives in unique ways that they have reason to 
value, yet with respect for the needs and circumstances of others. Rather than 
stipulating (or striving to achieve consensus about) the one ‘right’ way to live, 
Nussbaum emphasises promoting dialogue and developing students’ abilities 
to recognise and accept difference. Education is a prerequisite for the practic-
ing of world citizenship; an education that needs to be brought closer to the 
lives of the students, inviting them to confront emotions and personal and so-
cietal habits and values (von Wright, 2002).  
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3.4 Critique and limitations 
In its initial forms (e.g. Sen, 1985, 1999), the capabilities approach has been 
questioned for its lack of moral compass for evaluating human development 
and well-being (e.g. Nussbaum, 1988; Qizilbash, 1998). Nussbaum’s (2000, 
2001) ethical framework, synthesised in a list of ten central capabilities, is one 
of many attempts to complement the framework with a moral theory about 
what to value in securing human (and in Nussbaum’s case, also non-human) 
well-being (cf. Alkire & Black, 1997; Alkire 2002; Clark 2002; Robeyns, 
2003; Anderson, 2010). In turn, Nussbaum’s framework has been criticised 
for being universalist about values and as such incompatible with the plural-
ism and multiculturalism that she praises (Charusheela, 2009). Tied to this 
critique is also the question of how Nussbaum’s substantial definition of social 
justice, as it is constructed within Socratic and Aristotelian philosophy, is 
compatible with pluralism. Her notions of human dignity and flourishing orig-
inate from ancient Greek philosophy; they were developed within a philosoph-
ical tradition that did not account for cultural or religious pluralism and that 
built on a narrow definition of who was entitled to human rights. Another, 
interrelated critique of Nussbaum’s list concerns how it has been compiled. 
Okin (2003), Jaggar (2006) and Clark (2013) all question how Nussbaum, in-
fluenced by her own cultural and class background, is entitled to determine 
what capabilities to value on behalf of other societies and cultures.  

Nussbaum’s (2004, 2011) response and comments to some of this critique 
and limitation points out that her moral rationale is intended to provide a 
threshold for securing people’s quality of life. As such, the central capabilities 
are intended to be open-ended and sensitive to local contexts. She further 
stresses the importance of separating issues of justification from issues of im-
plementation, and that the list is intended as a basis for formulating political 
principles all around the world. Nussbaum (2004b, p. 198) also holds that 
“[t]he major liberties that protect pluralism are central items on the list: the 
freedom of speech, the freedom of association, the freedom of conscience”.  

Another critique concerns the humanistic underpinnings of Nussbaum’s 
education for citizenship as a project of cultivation (see below). Biesta (2004) 
argues that Nussbaum’s framework, by making normative assumptions about 
what capabilities are needed to secure human freedom, risks dividing those 
who meet the particular norm of humanity from those who do not. At the core 
of this critique is the idea that the notion of cultivation builds on assumptions 
about what the human being is, and what the human being should become 
through education (Biesta, 2014). According to Biesta, Nussbaum’s notion of 
cultivation centres on a “humanism of the self” (p. 14), and the cultivation of 
students as developing “[q]ualities that are potentially already ‘there’, some-
where ‘inside’ the one whose humanity is being cultivated and whose human-
ity requires cultivation”. Yet, it can also be argued that understanding capa-
bilities as freedom of choice (separated from different ways of functioning in 
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the world), Nussbaum’s framework leaves open the particular ways in which 
students are to be in the world with others and encourages young people to 
form commitments and values that are enriching for themselves and for soci-
eties at large (Walker, 2012).  

3.5 Critical examination as participation in practice 
In this dissertation, I make epistemological assumptions about learning as par-
ticipation in situated social practices and knowing as located in the social re-
lations between participants (Lave & Wenger, 1991). Such assumptions un-
derpin sociocultural theories about learning, through which students’ activities 
are studied as situated participation, contingent with institutional, social and 
material conditions (Säljö, 1999, 2010). By taking a sociocultural approach to 
learning, it becomes possible to study students’ participation in critical exam-
ination of public issues as embedded in the sociocultural context of science 
education, and students’ actions as mediated by artifacts such as digital tech-
nology, task instructions and tools for supporting source evaluation. Viewing 
critical examination of public issues as a process of negotiating institutional 
demands, expectations, values and norms, has made it possible to study the 
dialectics between students’ actions and the settings in which their activities 
are constituted (Lave, 1988).  

It has been suggested that understanding learning as situated is a promising 
theoretical approach for studying how the use of technology constitutes hu-
man actions (Collins, 2008). The socio-cultural notion of ‘tool’ encompasses 
both material artefacts and forms of language that provide ways of perceiving 
and acting on things in situated practices. The ways in which cultural artefacts 
mediate goal-oriented actions are recognised as means through which people 
make meaning and accomplish cultural change (Wertsch, 1998). Lave and 
Wenger (1991) argue that when studying what opportunities for learning 
emerge in practice, learning must be understood as situated in sociocultural 
practice, taking the practice as a whole with its relations and social engage-
ments into account. Knowledge becomes visible in people’s abilities to act 
with external tools and to purposefully integrate external tools into what they 
are doing (Säljö, 2010). Thus, learning becomes a matter of being able to make 
use of cultural tools in ways relevant and productive in situated practices. 
Studying how participation in practices is mediated by artefacts, allows me to 
consider the interdependencies between students and the digital technologies 
they use (Säljö, 1999, 2010). 

I view student learning as embedded in educational practices and mediated 
by cultural tools. The focus is on student participation in practices of critical 
examination in science education and how the repertoires for student partici-
pation can be expanded and developed by developing tools for critical exam-
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ination. Understanding critical examination as participation mediated by cul-
tural tools (Säljö, 1999; Wertsch, 2007) enables me to study students’ critical 
engagements with public issues on the Internet as conditioned by what was 
made possible in the task. Thus, the overall design of task instructions and 
tools for supporting source evaluation mediate the students’ participation in 
critical examination of public issues in the science classroom. Viewing student 
actions as goal-oriented and mediated by tools opens up spaces to study how 
the purposes of engaging in critical examination (enacted in the students’ dis-
cussions) are conditioned by both established and introduced modalities and 
forms for discussions in science education practices, as well as the tools de-
signed to support students’ critical examination. Conceptualising capabilities 
as freedom of choice (Nussbaum, 2011) invites us to reflect upon the purposes 
constituted in students’ actions and the ways students are enabled to function 
as critical in science classroom practices.  

Overarching research questions and introduction of the studies 
This dissertation focuses two overarching research questions: 

 
• What characterises upper secondary school students’ participation in criti-

cal examination of public issues in science education from the perspective 
of a capabilities approach? 

 
• How can science education provide opportunities for students to enact 

‘world citizenship’ through participation in critical examination of public 
issues in the media?  

 
The two overarching questions are addressed in papers I–III and investigated 
in the empirical context of upper secondary school science education through 
two different research projects, Project 1 and Project 2. Both projects followed 
a design-based research methodology, during which my supervisors and I col-
laborated with in-service science teachers in the design, implementation and 
analysis of classroom interventions, one for each project, respectively. The 
interventions were planned and conducted as part of regular Biology or Sci-
ence Studies teaching, and groups of students were engaged in collaborative 
critical examination of public issues about health and nutrition in the media. 
Altogether, the two projects focused on ways to recognise and develop the 
notion of students’ participation in critical examination of public issues in sci-
ence classrooms. Papers I–III are theoretically grounded in Martha Nuss-
baum’s work on capabilities and 'world citizenship'. In Paper I, we adopt a 
capabilities approach to analyse how the introduction of an evaluation tool 
both enabled and constrained students’ participation in critical examination of 
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online health information in Biology education. In Paper II, our focus is di-
rected towards students’ critical engagement with emerging science about 
food choices in the media. We use the notion of  'an examined life' to articulate 
qualities in students’ participation in critical examination of a controversial 
nutrition study about cow’s milk, reported in Swedish public service media. 
In Paper III, we investigate how the notion of 'world citizenship' may expand 
the understanding of students’ participation in critical examination of cow’s 
and oat milk from perspectives of sustainability.  

Following the participatory research methodology applied in the two re-
search projects of this dissertation, I encountered challenges regarding the 
teachers’ and my own role (as a researching teacher) in the process of research. 
In Paper IV, two university-based colleagues and I with similar teaching ex-
perience elaborate on how ethical challenges of symmetry emerge and need to 
be considered when education research is carried out in close collaborations 
between teachers and researchers.  
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4 Methodology and research design 

This dissertation is empirically grounded in two participatory research pro-
jects, Project 1, and Project 2, during which I collaborated closely with seven 
experienced in-service science teachers in different constellations. This chap-
ter provides an account of the participatory methodology used in the two pro-
jects. The research design is outlined with regard to the empirical settings, the 
participants involved and the cyclic design, implementation and analysis of 
student activities. Below, is a description of how data was produced, tran-
scribed and analysed, and how the methodological and ethical considerations 
were made. An overview of the research design and empirical data is provided 
in Table 1. 

4.1 A design-based approach to studying teaching and 
learning  

My research collaborations with the science teachers followed a design-based 
methodology that encompassed cyclic and interrelated phases of design, im-
plementation and the analysis of different teaching sequences and student 
tasks (McKenney & Reeves, 2012). Motivated by the recognised need to 
strengthen the practical and theoretical relevance of educational research, par-
ticipatory methodologies such as action research (McNiff, 2017), didactic 
modelling (Wickman et al., 2018) and design-based research (The Design 
Based Research Collective, 2003), have become increasingly common meth-
odological approaches (van den Akker et al., 2006). Participatory methodolo-
gies commonly build on the assumption that research about teaching and 
learning needs to be situated in the practices where teaching and learning ac-
tually take place (in situ), targeting the specific challenges and needs of school 
practices (Cobb et al., 2003). As such, participatory research depends on var-
ious forms of close collaboration between teachers and researchers in which 
the knowledge, experiences and interests of all participants are to be seen as 
resources for advancing the research project (Wagner, 1997). Consequently, 
the entire research process needs to reflect the voices, engagements, owner-
ship, rights and obligations of all participants involved — teachers as well as 
researchers (Areljung et al., submitted; Sensevy et al., 2013).  
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The design-based research process builds on iterative and interrelated cy-
cles of interventions, including problem formulation, design and implementa-
tion of a teaching sequence and/or student tasks in a school setting, and anal-
ysis of the learning outcomes. The cycles of intervention are interrelated in 
that the design of one cycle is informed by the analysis of the preceding cycle, 
which creates opportunities to gradually revise the design of the teaching se-
quence and/or student tasks to better meet practical needs (Anderson & Shat-
tuck, 2012; McKenney & Reeves, 2012). Similarly, design-based research 
methodology resembles teachers’ work in everyday practice, allowing for the-
oretical as well as experience-based knowledge to inform the research process, 
and furthermore to adapt the teaching to the local conditions of the school 
practice as well as to the participating students. Through studying how the 
gradual refinement of the design influences student learning, it becomes pos-
sible to expand knowledge about the process of learning, as well as how the 
intended learning can be developed in school practice (The Design-Based Re-
search Collective, 2003). In design-based research, the design of student ac-
tivities is commonly guided by tentative principles of design, formulated from 
available practical and theoretical knowledge about the research and instruc-
tional objective. Thus, design principles may be useful for anchoring the de-
sign process in established theoretical knowledge about the research objective 
while remaining open to practical experiences (or new theoretical insights) 
informing the research project (van den Akker, 1999). Typically, the princi-
ples of design are continuously refined to reflect the knowledge gained about 
the relationship between the teaching and the intended learning. In its final 
form, the tentative principles of design can synthesise the suggested implica-
tions for educational practice and research in making visible important aspects 
of teaching intended to develop subject-specific capabilities (e.g. 
Danckwardt-Lillieström et al., 2018). Yet, acknowledging the specificity of 
each classroom, principles of design cannot be unproblematically transferred 
across educational contexts without interpreting local conditions.  

In the two empirical projects of this dissertation, the participating teachers 
and I investigated both the recognition and potential development of students’ 
capability to participate in critical examination of public issues in the context 
of science education. Given the aforementioned characteristics and possibili-
ties of participatory research, it seemed like a viable methodology for address-
ing the questions posed. The design-based methodology opened up spaces for 
identifying educational challenges and a research objective with experienced 
science teachers (including me as a teacher-researcher). Related challenges 
were examined collaboratively in the participating teachers’ own science ed-
ucation practices, and the practical work was advanced through teaching ex-
periences as well as through the theoretical insights I gained from being part 
of a PhD programme.  
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4.2 Research design 
Both empirical projects were situated in the context of upper secondary school 
science education in Sweden and conducted between 2013 and 2016. The pro-
jects were conducted in close collaboration with experienced science teachers, 
recruited from six upper secondary schools varying with respect to school 
type, programme specialisations and geographic and socioeconomic spread. 

The empirical data produced in Project I are presented in Paper I, and eth-
ical reflections regarding the methodology used in the project are presented in 
Paper IV. The empirical data produced in Project II are presented in Paper II 
and Paper III. An overview of the settings, participants and empirical data for 
each of the projects, respectively, is illustrated in Table 2. 

Project 1 

Setting and participants 
The first project was carried out between 2013 and 2015 as a two-year design-
based research collaboration between me and two of my science teacher col-
leagues at the upper secondary public school (school A) in Sweden where we 
all taught science at the time. When the project started, my colleagues and I 
had worked together at the school for five years and each of us had between 
five and eight years of experience teaching science in upper secondary school. 
The school was chosen partly because of its easy access. The primary reason 
though, was the fact that my colleagues and I had in-depth knowledge of the 
local school conditions, and my colleagues had already formed trusting rela-
tionships with their students, which we assumed would be beneficial for mak-
ing the research outcomes relevant for improving school practice. At the time, 
just more than 500 students attended one of the three school programme spe-
cialisations offered at the school. 128 students (aged 16–17) attending the nat-
ural science programme (naturvetenskapsprogrammet in Swedish) partici-
pated in the study as part of Biology class. 

Identifying the research objective and curricular learning goals 
The school where we worked had implemented a cross-curricular school pro-
gramme centred on sustainable development and which engaged the students 
in groupwork examining public issues related to, for instance, global health, 
consumerism and climate change across school subjects. Digital tools were 
part of everyday school practice. Each student was equipped with a laptop and 
continually engaged in digital activities as part of everyday classroom prac-
tices. My colleagues and I shared some challenges we had experienced regard-
ing how, and for what purposes we used digital technology in Biology class. 
Digital technology was primarily used to support the biology learning that al-
ready took place, for instance, through students taking lecture notes, writing 
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lab reports or charting fieldwork data. My colleagues and I agreed that we 
needed to reinterpret and expand our understanding of the Biology curriculum 
in relation to digitalisation, in ways relevant for students’ participation in so-
ciety.  

In response to this, we formulated our overarching collaborative research 
aim as: to explore how to integrate digital technology with biology education 
in ways that became relevant for students’ critical examination of public is-
sues. More specifically, we aimed to design and implement classroom activi-
ties and scaffolding structures that developed students’ capability to critically 
examine health information on the Internet, and further to produce science-
related digital media themselves. The research objective was coupled with 
curricular learning goals regarding students’ development of “[k]nowledge of 
the concepts of biology /.../ knowledge of the importance of biology for the 
individual and society /.../ the capability6 to use knowledge of biology to com-
municate, and also to examine and use information” (The Swedish National 
Agency of Education, 2011a). In Sweden, curricular learning goals should be 
developed in relation to subject content areas. For this project, the biology 
curriculum content areas on human physiology and ethical aspects of health 
and medicine were chosen. 

Cycle 1 
The first cycle of intervention was conducted between the years 2013 and 
2104, involving 64 science students equally distributed between two of my 
colleagues’ Biology classes. This cycle included the phases of design of class-
room activities, implementation of classroom activities and analysis of proce-
dures and reflections. 

Design of classroom activities 
Informed by our mutual teaching experiences and previous research on student 
learning in digital environments, we formulated the following design princi-
ples to guide the design of the classroom activities (my translation):  

 
• to invite the students to engage in ethical dilemmas tied to health issues 
• to open up spaces for students’ collaborative examination of ethical aspects 

of health 
• to support students to navigate, evaluate and produce health information on 

the Internet, and 
• to enable online and offline interactions. 

                                                   
6 Here, the notion of capability refers to its articulation in a curricular context. In papers I–III, 
the notion of capability is given theoretical meaning through how it is depicted in Nussbaum’s 
(2011) version of the capabilities approach.  
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In the design process that followed, the design principles were translated into 
the design of a teaching sequence of eight 60–80-minute lessons during which 
the students, in groups of five to six, were engaged in searching and evaluating 
information on the Internet about a health topic chosen by my colleagues and 
me. To ensure a connection to the Biology curriculum content areas human 
physiology and health, the topics antibiotics, cancer, sexually transmitted dis-
eases (STDs), HIV, drugs, and lifestyle-related diseases were selected for stu-
dents’ critical examination on the Internet. These are also health topics com-
monly debated in the media. The information retrieval was followed by a me-
dia production by the students themselves. Each group created a web site7 on 
which they provided information (with references to primary sources) that 
they found trustworthy and relevant for learning more about their health topic. 
At the sites, the student groups also presented an ethical dilemma8 that related 
to their health issues. The dilemmas were presented in the form of invented 
cases, which were later discussed with their peers in wikis connected to each 
site.  

Implementation of classroom activities 
Each of the eight lessons started with a whole-class introduction (approxi-
mately 15–20 minutes) during which one of the teachers introduced the 
agenda, answered questions and gave instructions. Following each introduc-
tion, the students gathered in their groups and engaged in the tasks of infor-
mation retrieval; they later produced their websites and formulated the ethical 
dilemmas. After a few lessons, my colleagues and I became aware that the 
students needed scaffolding for navigating and evaluating the vast amount of 
health information on the Internet. One student (Bo) exclaimed: "It’s like 
looking for a needle in a haystack! Where should we even start?" 

In response to the experienced difficulties, the students were provided with 
a tool for source evaluation from the research field of health education and 
with lay people as the primary target group (Weber et al, 2009). In the form 
of the acronym GATOR9 (Genuine, Accurate, Trustworthy, Origin, Readabil-
ity), the tool was designed to provide relevant questions for source critique, 
                                                   
7 We chose Google sites as the platform for students’ website production since it is free of 
charge and we perceived it as relatively user-friendly. Also, the platform allowed for the crea-
tion of websites that supported collaboration between different editors. The school already had 
a closed domain on Google, which was used to create websites to which only my colleagues, 
the students, and I were invited.  
8 The student group dilemmas covered issues such as whether to tell your partner that you have 
an STD, whether to vaccinate against influenza, and whether to have an abortion.  
9 To make the tool more applicable to the Swedish students, my colleagues and I translated it 
into ÄKTUL (Äkta, Korrekt, Trovärdig, Ursprung, Läsbar in Swedish). Unfortunately, the in-
tended connotation to an alliGATOR was lost in our translation, but we prioritised replacing 
each word in the acronym with a corresponding word that we assumed would capture its mean-
ing better in the Swedish context. 
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while serving as a reminder about the ‘alliGATORs’ (in the sense of dangers 
or pitfalls) to look out for when searching the web for health information and 
advice. When the implementation was about to end, my colleagues and I had 
still not decided how to assess students’ achievements regarding participation 
when communicating biology, and when examining and using information. 
Finally, my colleagues came up with a written examination, in which the stu-
dents were to reflect on their learning process retrospectively.  

Analysis: procedures and reflections 
The implementation was followed by several meetings during which my col-
leagues and I evaluated students’ learning in relation to what was made pos-
sible in the task. During the analysis, we drew on field notes, planning docu-
ments, student instructions, student-produced material and our own experi-
ences of how the intervention had turned out. One of the main issues discussed 
during analysis concerned the notion of what ‘counted’ as school biology. 
When the project was about to end, one of the students (Sarah) concluded: "I 
think I’ve learned more about group dynamics and ethical dilemmas than 
about the scientific subject Biology. But overall, it’s been informative." Sa-
rah’s statement contributed to our realisation that we had engaged neither our-
selves nor our students in negotiating the notion of school biology in relation 
to the introduced digital activities. My colleagues and I also questioned how 
the chosen health topics were personally relevant for the students, and to what 
extent the task created an actual need for the students to communicate online. 
One of the students (Ben) suggested: "We could just as well have written a 
report about the results from the information retrieval and presented the di-
lemmas in front of the class." 

In sum, the first cycle of implementation made it clear that integrating new 
digital activities in the Biology classroom challenged the established practice 
in unforeseen ways. We realised that reinterpreting the curricular learning 
goals took a lot of time and reflection, and that the students needed to be in-
vited to participate in such work. The recognised need to create opportunities 
for the students to communicate about health issues with a ‘real’ and relevant 
audience that could not be approached face to face in the school resulted in us 
adding a fifth principle of design (my translation): 

 
• to find ways for the students to communicate online with people outside 

the school context.  

Cycle 2 
Cycle 2 of the intervention was conducted between the years 2014 and 2015, 
and involved another 64 science students, equally distributed between another 
two of my colleagues’ Biology classes. This cycle included the phases of re-
visions and re-implementation of classroom activities and analysis of proce-
dures and reflections. 
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The added design principle about “finding ways for the students to com-
municate online with people outside the school context”, resulted in the deci-
sion to engage the students in the production of podcasts about ethical health 
dilemmas instead of websites. The podcasts were released weekly on an ex-
isting site for youths10, and each podcast was connected to a wiki where other 
youths could respond to the dilemmas presented in the podcasts. In this con-
text, wikis refer to online resources in the form of chat fora that allow any user 
to add and edit content To open up spaces for students’ own interests about 
health, the health issues were now chosen by the students themselves. To en-
able all student voices to be heard, group size was decreased from between 
five or six to between two or three students. 

About half of the student groups chose to work with issues related to mental 
health, such as eating disorders, depression and stress. This mental aspect of 
health, which had not been accounted for by my colleagues and me in the 
preceding cycle, was apparently important for the students. The tool for source 
evaluation, GATOR, previously used in group settings, was introduced after 
the same number of lessons as in Cycle 1, but this time exemplified and put to 
the test in a whole-class activity. Finding ways to assess students’ learning as 
participation was a sustained challenge for my colleagues and me. In this cy-
cle, the teachers designed a written task in which the students were asked to 
write an individual reflection about one of the ethical dilemmas presented by 
another student group.  

Analysis: procedures and reflections 
My colleagues and I analysed the learning outcomes in relation to the student 
task at the end of Cycle 2. The overall impression was that we had integrated 
both digital technology and issues of health in ways that were perceived to be 
more relevant by the students. Yet, the intervention made visible a need to 
continue articulating how the introduced activities related to school Biology. 
In a written evaluation at the end of the intervention one student (Allie) wrote: 
“How does biology come into play? It felt more like [we were doing] what 
social workers rather than biologists do.” Also, challenges regarding how to 
assess students communicating biology and examining and using information 
in terms of participation here and now (rather than as retrospective reflec-
tions) remained unsolved.  

                                                   
10 The site provided fora for anonymously discussing topics like relationships, health, educa-
tion, family life and sexuality. All comments were moderated by a panel of adults before being 
published. Since the school used OS Mac, the students used the pre-installed programme for 
audio recordings (at the time Garageband) for the podcast productions. The 10–15-minute pod-
casts were then uploaded to an online audio distribution platform (Soundcloud) and linked to 
the site.  
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Project 2 
The second project was initiated and funded by the National Agency for Edu-
cation in Sweden with the overarching purpose of developing assessment sup-
port (bedömningsstöd in Swedish) for, and in collaboration with, in-service 
Science Studies teachers. This project was given an iterative design and teach-
ing sequence that centred on students’ development of a curricular learning 
goal, followed by the analysis of students’ learning in relation to what was 
made possible in the task.  

Setting and participants 
The project was conducted between Autumn 2015 and Spring 2016 as a de-
sign-based research collaboration involving me, one of my supervisors (An-
drée) and five experienced Science Studies teachers (two of whom had previ-
ously participated in educational research projects). The teachers were re-
cruited from five upper secondary schools in Sweden (schools B, C, D, E and 
F), which were selected to establish variation between the participating 
schools with regard to programme specialisations, as well as to geographic 
and socioeconomic settings. After being contacted via email and provided 
with information about the project aim and conditions for participation, all 
teachers agreed to enrol in the project.  

In all, 130 upper secondary school students (aged 16–17), distributed across 
six different classes at the five schools participated as part of Science Studies 
class. Science Studies (naturkunskap in Swedish)11 is a school subject in Swe-
dish upper secondary school that is obligatory for students attending a voca-
tional or study preparation programme without scientific specialisation (The 
National Agency for Education, 2011b). To ensure richness in the empirical 
material, for instance, with regard to students’ different experiences of and 
perspectives on public issues concerning health and environment, the classes 
were selected from both vocational (the natural resource programme and the 
child recreation programme — naturbruksprogrammet och barn- och fritid-
sprogramme in Swedish) and study preparation programmes (the social sci-
ence programme and the arts programme — samhällsvetenskapsprogrammet 
och estetiska programmet in Swedish).  

Identifying the research objective and curricular learning goals 
My university colleague and I drafted a project plan and short summary that 
was presented, discussed and revised with the teachers at our first joint meet-
ing at the university. Several weeks before the first meeting, my colleague and 
                                                   
11 As a school subject, Science Studies is interdisciplinary, and the curriculum foregrounds 
overarching purposes aligned with citizenship education. The curriculum reflects an orientation 
towards the content addressed in upper secondary school Biology, Chemistry and Physics cur-
ricula.  
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I sent a summary of earlier studies relevant to the project to the teachers. Dur-
ing our first meeting, one teacher raised a challenge they had had concerning 
how to invite students to examine public issues through dialogue (as in a mu-
tual, critical examination of multiple perspectives) rather than through debate 
(as in using rhetoric to convince others). The teachers agreed that students’ 
joint critical examination of multiple perspectives on public issues was im-
portant yet expressed uncertainties about how to assess students’ learning 
when it was being demonstrated through dialogue, rather than through written 
modalities. 

In response to this challenge, the research objective was formulated as: to 
develop new teaching, learning, and assessment practices concerning stu-
dents’ critical examination of public issues related to sustainability and health. 
This was coupled with a curricular learning goal that “[t]eaching of science 
studies should aim at helping students develop their knowledge of science, 
and the ability to critically evaluate and develop their views on issues with a 
scientific content” (The National Agency for Education, 2011b).  

Cycle 1 
The first cycle of intervention was conducted in the beginning of Spring 2016 
at two of the five participating schools (schools B and C), with students from 
three different classes participating as part of Science Studies class. As will 
be described below, this cycle included the phases of design of classroom ac-
tivities, implementation of classroom activities and analysis of procedures and 
reflections. 

 
• to allow for the students to encounter public issues of relevance for both 

Science Studies education and for everyday life  
• to open up spaces for dialogue 
• to provide the students with tools for evaluating sources on the Internet 
• to encourage the students to investigate the role of knowledge, values and 

personal experiences in examining public issues  

At the time of the study, a legal conflict between a dairy company (Arla) and 
an oat milk producer (Oatly) in Sweden rendered a lot of media attention, both 
in the mainstream news and on social media. The conflict intensified an on-
going public debate in Sweden concerning healthy and sustainable food 
choices, and ethical aspects of the production and consumption of dairy and 
meat. The media debate featured the typical characteristics of a socioscientific 
controversy (Solli et. al, 2019) in that multiple perspectives and conflicting 
voices (including the dairy industry, oat milk producers, farmers, nutrition re-
searchers, animal rights activists and lay people) were heard. With the ‘milk 
controversy’ as a starting point for students’ activities, my colleague and I 
designed a teaching sequence of three 60-minute lessons. 
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During the first lesson, the teachers informed the students about the learn-
ing goals and introduced a preparatory task for the two lessons that followed. 
The preparatory task engaged groups of three to six students in a joint critical 
examination of five news articles that illuminated meat consumption from var-
ious perspectives. In examining the articles, the students were provided with 
the memory tool ‘Who says What and Why?’ (Vem säger Vad och Varför in 
Swedish) to support their critical examination. The students were instructed 
to read, summarise, and critically examine the articles, guided by the memory 
tool. The group discussions were to be wrapped up in a whole-class exercise 
of listing and categorising the different perspectives and arguments in the ar-
ticles.  

During the second lesson, the students were introduced to the ongoing con-
troversy between the cow’s milk and the oat milk producers in Sweden via a 
15–minute news report from public service radio, followed by oral and written 
instructions as follows (my translation): 

Individually, use the Internet to find information about oat and cow’s milk pro-
duction and consumption. Focus on the environmental and health-related ef-
fects of the production and consumption (locally and globally) of the two milk 
drinks, respectively. What kind of arguments for and against the two milk 
drinks circulate in the media? Use the memory tool ‘Who says What and Why?’ 
to critically examine your sources. 

 
The third lesson involved an oral group task and a written individual task that 
built on the information retrieval from the second lesson. The student groups 
were provided with the following written instructions (my translation): 

You are going to participate in a 30-minute oral seminar with four to five peers. 
The purpose is to discuss and examine the milk issue from multiple perspec-
tives by sharing the arguments and sources that you found on the Internet. Be-
fore you start the discussion, nominate a group chair. The chair will be respon-
sible for making sure that all voices in the group are heard. You are allowed to 
search for additional information on the Internet during the exercise. 

 

1. Summarise some key arguments for and against cow’s and oat milk. 
Prioritise the arguments with regard to relevance. Are the arguments 
based on knowledge, experiences or values?  

2. Explain how you searched for information. What sources were or were 
not trustworthy and why?  

3. Now you can ‘open up’ the discussion for a more general conversation 
during which you are allowed (voluntarily) to express your own 
thoughts, beliefs and opinions about the issue. Motivate your position! 
The purpose is to make visible different standpoints and ways of rea-
soning. 
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Once the discussions were finished, the students were given instructions to 
write an individual reflection about the issue (my translation): 

Based on the information retrieval and the oral seminar, you are now going to 
write an individual reflection on your thoughts and ideas about the issue. Maybe 
you have a strong opinion about which of the two milk drinks is the most sus-
tainable, or maybe it is impossible for you to take a clear stance. What is im-
portant here is that you motivate your position by discussing the issue from 
multiple perspectives.  

 
The two teachers conducted the teaching sequence with their own students at 
each school, respectively, and were asked to write down some of their overall 
reflections after each of the three lessons.  

Analysis: procedures and reflections 
After implementation, the research group collaboratively analysed the learn-
ing outcomes in relation to the learning made possible in the task. Due to the 
difficulties experienced in assessing students’ oral contributions, we decided 
to centre the analysis on the video recordings of students’ oral seminars12 

(which I transcribed verbatim before the meeting).  
The two teachers who had conducted the first interventions shared the im-

pression that the milk issue raised the students’ interest and opened up spaces 
for examining multiple perspectives and stakeholders. Another conclusion 
drawn was that no students had been sufficiently prepared to participate in the 
group discussion and were assumed to be in need of more time and teacher 
support. In some cases, the students identified aspects of source critique that 
the tool had not accounted for.  

Cycle 2 
The second cycle of intervention was conducted at the end of Spring 2016 at 
the three remaining schools (schools D, E and F), with students from three 
different classes participating as part of Science Studies class. As will be de-
scribed below, this cycle included the phases of revision and re-implementa-
tion of classroom activities, and analysis of procedures and reflections. 

Revision and re-implementation of classroom activities 
To facilitate students’ online information retrieval, the students were given 20 
more minutes for the information retrieval during the second lesson. They 

                                                   
12 As part of the overarching project aim to produce assessment support (bedömningsstöd in 
Swedish) for in-service Science Studies teachers, students’ written reflections were analysed 
during the last project meeting in June 2016. The analysis was inspired by a procedure for 
comparative collaborative assessment presented by Pollitt (2012). My university colleague and 
I wrote the final assessment support after the project ended (Bedömningsportalen, 2016).  
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were also encouraged to continue searching for information between lesson 
two and lesson three. In the written instructions, the teachers and I suggested 
a few sources that could constitute a starting point for the information re-
trieval. Also, the question “When” (När in Swedish) was added to the evalu-
ation tool. To ensure that all students’ voices were heard, group size was de-
creased from between five and six, to between three and four students.  

Just as in Cycle 1, the teachers at each of the three schools conducted the 
teaching sequence with their own students, and were asked to write down 
some reflections. 

Analysis: procedures and reflections 
Following the same procedure as in Cycle 1, my colleague and I gathered the 
teachers at the university for analysis after the implementation. The tran-
scribed video recordings from students’ oral seminars were analysed with re-
gard to the learning outcomes in relation to what was made possible in the 
task. During analysis, we recognised that the student groups realised different 
purposes in engaging with the task. Despite our intention to open up spaces 
for dialogue and examination of multiple perspectives, some student groups 
conducted their conversations more like argumentative debates, during which 
they strove to convince peers who held a different position. At the end of the 
project, a remaining concern was how to establish dialogic practices for stu-
dents’ engagement without limiting their opportunities to become personally 
engaged.  

4.3 Data production: recording students’ conversations 
In the two empirical projects, video recordings were used as the primary 
means to produce data. Video provides unique opportunities to capture stu-
dents’ activities and interactions, and the kind of talk and use of tools and 
technologies that manifest in real-time in educational contexts (Heath et al., 
2010). During analysis, the recordings provided “[o]pportunities for ‘time-
out’, to play back in order to re-frame, re-focus and re-evaluate the analytic 
gaze” (p. 6). This kind of data and analytic procedures are largely unavailable 
for the researcher who relies solely on field notes. Heath and colleagues also 
point out that another merit of using video for documentation, is that the re-
cordings can be subjected to detailed analysis with research participants who 
were not present during data collection, after the actual recording. This was 
particularly valuable in Project 2, since the recorded student group discussions 
constituted a valuable resource in the analysis that took place with the teachers 
between cycles of implementation.  

Despite the merits of video documentation, during the first cycle of imple-
mentation in Project 1, the student group discussions were audio-recorded 
with dictaphones. According to Silverman (2005), video recordings can often 
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be substituted with audio recordings in qualitative research, since visual data 
is seldom used to its full potential in analysis. This was the case for papers I 
and IV. Although sufficient for the purposes of papers I and IV, I decided to 
collect visual data in Project 2 to provide opportunities for more fine-grained 
analyses. As will be explained in the section on data analysis, I study learning 
as participation, manifested in students’ actions, and expressed as oral speech. 
Also, I expected the audio recordings to be less invasive and better protective 
of students’ anonymity as students cannot be as easily identified. The latter, 
however, became a challenging task for me during analysis. Despite having 
had two dictaphones at each end of the tables where the student groups had 
gathered, I struggled to hear what the students said, to distinguish one stu-
dent’s voice from another (not having taught these students previously), to 
grasp what may have caused giggles, to understand what was happening dur-
ing silences, and to sort out who had directed a question or an answer to whom. 
I spent many hours playing the recordings back and forth to do the students 
justice, but still struggled to follow the student conversations. Analysing 
video-recorded material opens up spaces for the researcher to notice how bod-
ily communications such as gaze, gestures and (changes in) orientation are 
synchronised with what is being said (Heath et. al., 2010). How visual expres-
sions, even when very subtle, condition how the researcher makes meaning of 
a conversation cannot be underestimated. Consequently, video recordings 
were used for documentation of students’ conversations during the cycles that 
followed, including Cycle 2 in Project 1, and Cycles 1 and 2 in Project 2.  

In both projects, the video recordings of the student group work were ar-
ranged in small, separate rooms to ensure audio quality. Two cameras were 
set up in each room, positioned to ensure a clear view of all students, while 
attempting to avoid the intrusiveness of having a camera placed directly in 
front of or behind any of the students. In Project 1, during which whole-class 
introductions were video-recorded (no whole-class activities were recorded in 
Project 2), the cameras were set up diagonally, capturing the classroom from 
the front and behind, hopefully without being too intrusive. Setting up the 
cameras in small rooms meant that the cameras may have been perceived as 
more ‘present’ than during the whole-class events. From my outsider’s posi-
tion though, my overall impression was that the students quickly acquainted 
themselves with the presence of the cameras; after a while taking little notice 
of them.  

Complementing the audio and video recordings, I took field notes to follow 
the projects’ progress and to document my own reflections along the way. 
Other empirical material that was gathered during the projects include student 
instructions, assessment tasks, students’ reflections and digital productions 
and written documentation from meetings with the teachers. However, while 
these documents constitute valuable background information they were not 
subjected to detailed analysis.  
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4.4 Transcriptions 
Transcriptions of audio- and video-recordings can be made in multiple ways, 
each of which will affect how participants and situations are represented and 
understood (Poland, 2002). It is simply not possible, nor desirable, to represent 
everything that occurs in a given situation. Oliver et al. (2005) hold that tran-
scription can be thought of in terms of a continuum between transcribing every 
single utterance in as much detail as possible, and removing idiosyncratic el-
ements, such as stutters, pauses, nonverbals and involuntary vocalisations. At 
either end of this scale, decisions regarding what to include and what to ex-
clude in the transcriptions must be made. For papers I–III of this dissertation, 
I transcribed the recorded material verbatim. This does not mean that the tran-
scripts provide an exact or precise account of how the student conversations 
unfolded. When used in this dissertation, ‘verbatim’ refers to my ambition to 
transcribe the recordings into a written language with no spoken words ex-
cluded, and presented in a format with instances of, for example, hesitations, 
pauses and giggling noted. A key to transcription is found in Table 1. 
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Table 1: Transcription key for papers I–III.  

Descriptive 
element 

Meaning 

euhm, ehm 
or hmm 

Instance of hesitation 

[laughter] Speaker laughing or giggling 

[nodding] Speaker approving the statement of a peer, directing a question to 
a peer 

“ ” Quoted sentences or words indicate that a speaker is reading out 
loud or citing someone else 

… Pause 

/.../ Parts of the original transcript have been removed  

[ ]  Single words or sentences in brackets are my clarifications (for ex-
ample, instances where students refer to content more explicitly ad-
dressed in a previous utterance). When Swedish words occur in the 
transcripts, the translation into or explanation in English is noted in 
parenthesis  

! Speech with exclamation 

? Speech with a questioning pitch 

CAPITALS Loud speech emphasising specific word/s 

italics Speech emphasising specific word/s 

 
 
After recording a lesson or group discussion, I tried to transcribe the record-
ings as soon after as possible, most often the same day. The process of tran-
scribing the recorded material was iterative, starting with me listening through 
each recording in its entirety to get an overall impression of how the conver-
sations unfolded. By playing the recordings back and forth, and sometimes in 
slow motion, I gradually refined my transcriptions of all episodes during 
which the students engaged with the task of critically examining public issues 
in the media.  

As already concluded, translating the students’ conversations from record-
ings of oral speech to written text offers limited possibilities for reproducing 
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all nuances and dynamics in students’ examination of the milk issue. In this 
case, one such limitation was tied to my decision not to note bodily gestures 
in the transcripts, with the exception of students nodding to each other. Even 
though sometimes important for my own overall understanding of students’ 
discussions, the final transcriptions are the result of a balancing act of provid-
ing enough detail while keeping the focus on my specific analytic interest in 
participation as oral speech.  

4.5 Overview of settings, participants and empirical data 
An overview of the settings, participants and empirical material for both em-
pirical projects is provided below (Table 2). In all, besides me and my super-
visors, seven experienced science teachers, recruited from six different 
schools, as well as 258 upper secondary school students between 16 and 17 
years old attending a vocational or study preparation programme at those six 
schools, participated.  

Data production resulted in approximately 18 hours of audio recordings 
and approximately 23 hours of video recordings. Altogether, about 41 hours 
of recorded material was subjected to analysis.  
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Table 2: Overview of settings, participants and empirical material. 

 Project 1 (papers I and IV) Project 2 (papers II and III) 

 Cycle 1 Cycle 2 Cycle 1 Cycle 2 

Schools 
 
 

One upper sec-
ondary public 
school (school 
A) 

One upper sec-
ondary public 
school (school 
A) 

Two upper sec-
ondary public 
schools (schools 
B and C) 

Three upper second-
ary public schools 
(schools D, E and F)  

Programme spe-
cialisation  

The Natural 
Science pro-
gramme 

The Natural Sci-
ence programme 

The Arts pro-
gramme 
 
The Natural Re-
source pro-
gramme 

The Social Science 
programme 
The Child Recrea-
tion programme 

School subject Biology Biology Science Studies Science Studies 

Participants 64 students 
aged 16–17, 2 
science teach-
ers, me 

Another 64 stu-
dents aged 16–
17, 2 science 
teachers, me 

57 students aged 
16–17, 5 science 
teachers, a re-
search col-
league, (An-
drée), me  

73 students aged 16–
17, 5 science teach-
ers, a research col-
league (Andrée), me 

Forms for data 
production and 
activities studied 

Audio record-
ings: Students 
discussing with 
peers while 
searching for 
and evaluating 
health infor-
mation on the 
Internet 
Field notes: 
Process of re-
search and re-
flections 

Video record-
ings: Students 
discussing with 
peers while 
searching for and 
evaluating health 
information on 
the Internet 
Field notes: Pro-
cess of research 
and reflections 
 

Video record-
ings: Students 
discussing a 
controversial 
public issue with 
laptops for 
online infor-
mation retrieval  
Field notes: Pro-
cess of research 
and reflections 

Video recordings: 
Students discussing a 
controversial public 
issue with laptops for 
online information 
retrieval  
Field notes: Process 
of research and re-
flections 
 

Empirical mate-
rial 

About 18 
hours of audio 
recordings of 8 
student groups 
with 5–6 stu-
dents per 
group  
Field notes, 
running 
 

About 12 hours 
of video record-
ings of 4 student 
groups with 2–3 
students per 
group 
About 5 hours of 
video recordings 
of 16 whole-
class introduc-
tions 
Field notes, run-
ning 

About 3 hours of 
video recordings 
of 5 student 
groups with 5–6 
students per 
group  
Field notes, run-
ning 
 

About 3 hours of 
video recordings of 5 
student groups with 
3–4 students per 
group  
Field notes, running 
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4.6 Forms and conditions for participation 
By taking a design-based research approach, I view school science practice, 
with its teachers, students, norms and traditions not as a context for ‘data with-
drawal’, but as the actual prerequisite and reason for engaging in education 
research to start with. I have a background in Science teaching as a teacher of 
Biology, Science Studies and Physical Education. This, I believe, has helped 
me not only to find a methodological and theoretical path relevant to advanc-
ing school practice, but also to build trusting relationships with the participat-
ing teachers and students. For instance, as a science teacher myself, I am fa-
miliar with the school Science curriculum and could relate to the teaching and 
learning challenges reported by the participating teachers in both studies. 
However, the forms of and conditions for participation in the two empirical 
projects of this dissertation have been quite different. In Project 1, it was an 
undulating trajectory of evolving and entangled roles, whereas, in Project 2, a 
journey that very much followed what was outlined to start with. Forms of 
participation in education research need reflections that move beyond the mere 
distribution of roles and responsibilities between participants, including re-
search ethics. 

The researching teacher as part of an intervention with teacher 
colleagues 
By taking a design-based research approach, I view school science practice, 
with its teachers, students, norms and traditions not as a context for ‘data with-
drawal’, but as the actual prerequisite and reason for engaging in education 
research to start with. I have a background in Science teaching as a teacher of 
Biology, Science Studies and Physical Education. This, I believe, has helped 
me not only to find a methodological and theoretical path relevant to advanc-
ing school practice, but also to build trusting relationships with the participat-
ing teachers and students. For instance, as a science teacher myself, I am fa-
miliar with the school Science curriculum and could relate to the teaching and 
learning challenges reported by the participating teachers in both studies. 
However, the forms of and conditions for participation in the two empirical 
projects of this dissertation have been quite different. In Project 1, it was an 
undulating trajectory of evolving and entangled roles, whereas, in Project 2, a 
journey that very much followed what was outlined to start with. Forms of 
participation in education research need reflections that move beyond the mere 
distribution of roles and responsibilities between participants, including re-
search ethics. 
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The researching teacher as part of an intervention with teacher 
colleagues 
In Project 1, I attended a graduate school on school-subject didactics, which 
enabled me to initiate the research project and invite two of my school col-
leagues to participate. The graduate school made it possible for me to write up 
parts of this dissertation with supervision from the university, and to attend 
PhD courses while still working part-time as a biology teacher at the school. 
My two school-based colleagues, though, were not part of the graduate school 
and allocated time in their full-time teaching schedules to take part in the re-
search project. Besides the lessons of implementation, these colleagues and I 
met weekly at the school for planning and analysis throughout the project 
time. It was not until the second semester that my colleagues received a small 
reduction in time to compensate for their investments in the project.  

Initially, the research objective and student activities were formulated and 
designed mutually by my colleagues and me. I participated during all lessons 
of implementation; however, from here, our roles diverged in substantial 
ways. My two colleagues participated in their role of teachers in their own 
classes, respectively, whereas my role was documentation. Besides setting up 
the video cameras, I circulated among the student groups being recorded to 
get a sense of how the discussions were unfolding and to make sure that the 
cameras worked. Meanwhile, the teaching teacher circulated among all stu-
dent groups (not only the ones being recorded) to assist. Initially, I stayed in 
the background as much as possible, trying not to disturb or interrupt the group 
discussions. After a few lessons though, I experienced what Sensevy et al. 
(2013) refer to as a “local indistinguishability” between the teacher and the 
researcher — there was a blurring of roles. The students began to treat me as 
one of the teachers, asking for my support and advice. While this was an un-
intended role, I accepted it.  

My colleagues and I shared responsibility for the analysis during and be-
tween cycles of implementation. I was solely responsible for the final analysis 
and dissemination of the research outcomes, which are presented in Paper I.  

The observing researcher as part of an intervention with teachers 
In Project 2, the roles between the five participating teachers, my supervisor 
and me, were more clearly defined and distinguished to start with. The project 
was a commissioned research project with the aim of developing assessment 
practices in Science Studies teaching. My supervisor and I shared the over-
arching responsibility for the project, including planning, theoretical framing, 
writing up the final assessment support (Bedömningsportalen, 2016) and re-
porting. The teachers contributed to the formulation and understanding of the 
research objective, task design, implementation in Science Studies class, anal-
ysis of student learning outcomes and refinement of task instructions. The 
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teachers received financial compensation for their travel and time spent in our 
meetings at the university. The implementations however, were part of the 
everyday Science Studies teaching that already took place at each of the five 
schools.  

The teachers conducted the first two preparatory lessons with their own 
classes. I participated in the third lesson in all the classes to video-document 
students’ oral seminars, which constitute the empirical data in Paper II and 
Paper III. I had never visited any of the participating schools before, neither 
had I met any of the students. I was an occasional, yet accepted visitor, and 
there was no blurring of roles between me and the teachers during implemen-
tation.  

In Project 1, my teacher colleagues and I had worked together for many 
years, and were used to conducting lessons together and visiting each other’s 
classrooms. In Project 2, the teachers shared their teaching practices with me 
as a single event. Even though the classroom activities had been designed in 
collaboration with the research team as a whole, I was aware of the teachers 
vulnerability in opening up their classrooms to me (in my position as a uni-
versity-based researcher), with my cameras, my notebook, and inevitably, my 
presumptions about ‘good science teaching’. To clarify that the teachers were 
agents and not ‘onlookers’ in the study, I decided not to record any whole-
class introductions, even though these may have been useful for our joint anal-
ysis in the research team (for that part we relied only on my field notes and 
each teacher’s own experiences).  

The students and their parents as part of an intervention 
In studying the participation of students in a school context, it is important to 
acknowledge that students’ participation is conditioned by what is made pos-
sible, allowed, and encouraged in the school context (Säljö, 2010). From a 
capabilities approach, this means that the ways in which the students func-
tioned as critical need to be studied in relation to the opportunities provided 
for the students to participate in critical examination in the immediate situa-
tion. In this dissertation, I view students’ participation as situated and collec-
tively negotiated — a negotiation in which the students and their teachers had 
engaged long before each of the two projects started. In both projects, it was 
a balancing act between bringing about change and innovation to advance eve-
ryday school practices and keeping the introduced activities relevant for prac-
tice. Thus, in participating as ‘learners’, the students played important roles in 
providing cues with regard to whether the introduced digital tasks and tools 
mediated their actions in meaningful and understandable ways within the con-
text of each specific Science classroom. 

Since the projects were part of the regular Biology and Science Studies 
teaching, students’ achievements were also considered for assessment by the 
teachers. The repertoires available for students’ participation, and how these 
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repertoires were expanded during the two projects, are inseparable from the 
established classroom practices, including the notion of the ‘smart’ student or 
‘high achiever’. A study by Hegedus et al. (2014), points out that ‘doing 
school’ (as in compliance) tends to be conflated with ‘being smart’, and the 
students who are deemed ‘smart’ may be afforded certain educational oppor-
tunities and privileges not afforded to the students deemed ‘struggling’. This 
means that there may be have been strong incentives for the students to par-
ticipate in critical examination in ways accepted and encouraged in the school 
Science context.  

Something that my colleagues and I had not foreseen, was that the students’ 
parents were also part of the school Science practice, even on an epistemolog-
ical level. During the implementation of the first project, one parent contacted 
one of my colleagues and questioned how the introduced digital activities 
(such as producing websites and discussing in wikis) could be part of school 
Biology. In hindsight, it would have been beneficial to have been more trans-
parent about the project aim and design, including in communications to the 
students’ parents.  

Analysing students’ discussions 
Text always involves multiple meanings, and analysis remains a matter of in-
terpretation. Rather than trying to provide ‘the full picture’ of how the stu-
dents’ discussions unfolded, I have chosen theoretical perspectives and meth-
ods for analysing the empirical material in light of the particular aims and 
questions posed in each of the papers I–III. In all three papers, the transcrip-
tions of the audio- and video-recorded group discussions were subjected to 
qualitative content analysis (QCA). QCA has been used by scholars from var-
ious fields of research, and in relation to different kinds of data, since the 
1950s (Graneheim & Lundman, 2004). In qualitative research, it is often used 
to analyse data produced in, for example, nutrition research (e.g. Kondracki et 
al., 2002) and education research (e.g. Danckwardt-Lillieström et al., 2020). I 
adopted a framework for QCA suggested by Graneheim and Lundman (2004), 
and later developed by Graneheim et al. (2017). Their framework provides 
tools and concepts that made it possible to take an abductive approach to data, 
meaning that I approached the data through combined explorative and theory-
driven stages of analysis (see also Stiles, 2009).  

As will be described below, first in general terms and then in relation to 
each of the three studies, respectively, my application of the QCA framework 
included the following steps, to: 1) extract meaning units, 2) condense codes, 
3) condense categories, and 4) formulate themes across students’ discussions. 
The numerical list indicates the main order in which I attended to the different 
stages of analysis. However, in practice, I repeatedly moved back and forth 
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between the different steps as I gradually refined my understanding and inter-
pretation of students’ discussions. How the different steps of analysis relate is 
illustrated in Table 3 at the end of this section.  

Extracting meaning units 
Before initiating the actual analysis, participation as speech was selected as 
the unit of analysis for each of the three studies. I started the analysis by read-
ing through all the transcripts (when necessary, a couple of times) to get a 
sense of how the discussions in the student groups unfolded. In the following 
step, I extracted meaning units from the transcripts. Graneheim and Lundman 
(2004) write that “[w]e consider a meaning unit as words, sentences or para-
graphs containing aspects related to each other through their content and con-
text.” In relation to the work presented here, this implied that I marked all 
episodes (sentences or paragraphs, never single words) in the transcripts 
where the students were mutually engaged in the intended tasks of critically 
examining public issues using the Internet. Consequently, ‘in between-talk’, 
about examinations, the task instructions or instances of ‘casual’ conversation 
in the student groups were temporarily excluded from analysis. The extracted 
meaning units were subjected to further analysis. 

In Paper I, the focus was on how an evaluation tool contributed to devel-
oping students’ capabilities to critically reason about health information on 
the Internet. Before starting the analysis, the transcripts were divided in two 
piles — discussions with and without the evaluation tool, respectively. The 
extracted meaning units represented all episodes during which the student 
groups discussed or evaluated the relevance or trustworthiness of the health 
information they came across on the Internet.  
In Paper II, the focus was on students’ capabilities to critically examine a Swe-
dish public service article on a controversial nutrition study about cow’s and 
oat milk. The empirical material encompassed recordings from students’ en-
gagement with the task of examining a variety of sources about the two milk 
beverages. Meaning units were defined as all episodes during which the stu-
dents discussed the public service article or the reported study only.  

In Paper III, our interest was students’ examination of cow’s and oat milk 
production and consumption from perspectives of sustainability. The meaning 
units represented instances of student discussions that concerned the produc-
tion and consumption of cow’s and oat milk.  

Condensing codes and categories 
In the next step, I condensed codes and categories in the extracted meaning 
units. Condensation here refers to a process of shortening the text, while pre-
serving its core meaning. This step of analysis made it possible for me to in-
terpret the content areas or ‘topics’ addressed in students’ discussions — the 
‘what’ aspect of their discussions. 



64 

Graneheim and Lundman (2004) describe a code as the label of a meaning 
unit — “[l]abelling a condensed meaning unit with a code allows the data to 
be thought about in new and different ways” — while a category is a group of 
codes that share a commonality (p. 107). As pointed out by the authors, the 
categories should (at least preferably) be exhaustive and mutually exclusive, 
meaning that no codes should fall between two categories or fit into more than 
one category. Inspired by Graneheim and Lundman (2004), the relations be-
tween meaning units, codes and categories can be illustrated by making an 
analogy with how the ‘greens’ section in a grocery store is organised. In the 
‘greens’ section, there are multiple items to choose from, such as apples, ba-
nanas, kale, cauliflower, potatoes and beetroot. These are the meaning units, 
and in this case, the names of the greens would serve as codes. In a following 
step, we would be able to group the different greens (codes) into categories 
of, for instance, fruits, cruciferous vegetables and root vegetables.  

In Paper I, the codes were defined as different aspects of source critique, 
such as ‘Purpose’, ‘Qualification’, ‘Readability’ or ‘Accuracy’. The analysis 
was explorative in that all aspects of source critique, and not just the ones 
suggested by the evaluation tool, were marked in the meaning units. The codes 
were then grouped into categories that represented what, or whom, the aspects 
of source critique were directed towards, for instance, ‘The sender’, ‘The in-
formation’ or ‘The reader’.  

In Paper II, the coded meaning units served as labels for areas of content 
discussed by the students during their critical examination of the public ser-
vice article and the controversial nutrition study, such as, ‘The amount of milk 
and associated risks’, ‘Too much is almost never good’ and ‘Excess calcium’. 
The categories served as umbrella terms for content addressed in students’ 
critical examination that in some way could be related to one another. For 
example, ‘The amount of milk and associated risks’ and ‘Too much is never 
good’ were both associated with the category ‘The dose-response relation-
ship’.  

In Paper III, the codes were formulated in ways that illuminated the main 
content addressed in the meaning units while preserving core meanings, re-
sulting in codes such as, “It’s made for calves”, “We use very rough methods 
to get the milk”, “They are most often confined” and “Milk has been pro-
moted”. Here, the categories represented the topics of foci in the students’ 
critical examination of cow’s and oat milk across the different groups, for in-
stance, ‘The notion of what is “natural” or “unnatural” for human beings to 
drink’ and ‘Animal rights to autonomy and to live without suffering’ (see Ta-
ble 3).  

Formulating themes 
Following the categorisation, I formulated themes across the student group 
discussions. During thematisation, the transcripts were read again as a single 
entity (no longer divided into meaning units, codes and categories) to search 
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for patterns across the data set as a whole. If coding and categorisation deal 
with the ‘what’ aspect of students’ critical examination, the themes can be 
described as interpretations of the various ways in which the student groups 
enacted critical examination — the ‘how’ aspect of their discussions. Grane-
heim et al. (2017) describe a theme as a “red thread” that brings meaning to a 
recurrent topic (p. 32). The authors further distinguish between descriptive 
themes and themes of meaning, where the differences are related to their char-
acteristics and the kind of research question they answer. Whereas the descrip-
tive themes comprise explicit expressions of what the participants talk about, 
the themes of meaning are articulations of the implicit message in the conver-
sation. 

Thematisation opens up possibilities for the researcher to purposefully in-
fuse theory into interpretation (Graneheim & Lundman, 2004; Graneheim et 
al., 2017). My use of theory in analysis can be described by the notion of ‘sen-
sitising concepts’, comparable to how theory-driven analyses have been per-
formed by scholars embracing grounded theory, as described by Bradbury-
Jones et al. (2014). By distinguishing between ‘definitive concepts’ and ‘sen-
sitising concepts’, the authors suggest that “While the former provide precise 
prescriptions of what to see, the latter suggest directions along which to look 
and thus might be used as a starting point for data analysis” (p. 136.) Follow-
ing my theoretical assumptions about learning as participation in situated prac-
tices (Lave & Wenger, 1991), the analytical focus has not been on the individ-
ual’s knowledge and capability for critical examination, but on how individu-
als participate in critical examination as part of a collective. When I study how 
students engage in critical examination of public issues on the Internet, I view 
them as involved in interactions with others and with contexts, both in the 
immediate school science situation and in society at large. My interpretations 
build on an understanding of students’ activities as embedded in historical and 
institutional settings. To sensitise my gaze for instances during which the stu-
dent group oriented themselves and negotiated norms and values as they ex-
amined public issues on the Internet, my thematisations were guided by the 
conceptual works of Nussbaum. Nussbaum (1997) writes about critical exam-
ination as part of 'world citizenship' (1997), which is operationalised through 
an examined life, taking the perspectives and others and narrative imagination. 

Below, I provide empirical examples from each of the three papers, respec-
tively, illustrating how data was used as indicators of critical examination dur-
ing students’ engagement with public issues in specific contexts of science 
education. The excerpts that follow are ‘snapshots’ of single themes, provid-
ing but pieces of a whole. In the studies, the themes are interrelated and over-
lapping, providing a more holistic view of students’ discussions where it is 
not possible to foreground the nuances through isolated episodes. Drawing on 
Nussbaum’s (2011) conceptualisation of capabilities as freedom of choice to 
do and to be, and functionings as ways of doing and being, the themes focused 
on how the students practiced critical reasoning in relation to what was made 
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possible in the task. The following Excerpt 1 illustrates the theme ‘Accessing 
and Evaluating Scientific Facts’, that was formulated during analysis of dis-
cussions with the evaluation tool:  

Excerpt 1: Those facts are true 
 

1. Max: But the information could be wrong. 
2. Ted: But c’mon. Are they going to be honest with their facts or honest 

about who they are? 
3. Max: Yeah, the facts. Those facts are true. 
4. Ted: But how can we know that [the fact is true]? That’s what we’re 

gonna find out? 
5. Max: But isn’t that what trustworthiness is all about? 

 
Here, Nussbuam’s notion of functionings made it possible to articulate how 
the tool for critical evaluation mediated the students' enactments of critical 
examination in a particular way — namely as a search for ‘true facts’ (lines 3, 
4). “But isn’t that what trustworthiness is all about?”, Max asks (line 5). In the 
study, this theme was contrasted with the theme ‘To negotiate trustworthi-
ness’. The latter theme became possible to formulate in the discussions when 
the evaluation tool was not used by the students. Instances of this were given 
meaning in relation to the notion of capabilities, pointing to students’ partici-
pation in critical examination in ways that were not stipulated by the tool, yet 
that were open for students’ own purposes of engaging in the information re-
trieval. 

In Paper II, our search for descriptive patterns in the data centred on what 
became the foci of students’ critical examination as they encountered the 
alarming new findings on milk, for instance, ‘How science is produced and 
explained’, or ‘What may be the consequences of new scientific findings’. To 
expand our interpretations of qualities in students’ critical examination, we 
adopted Nussbaum’s (1997) notion of ‘an examined life’. The concept sensi-
tised our gaze for the instances where the students questioned and renegotiated 
their own and others’ views and habits around milk. The following Excerpt 2 
exemplifies a theme of meaning illustrating how the students engage in ‘Ques-
tioning authorities’: 

 

Excerpt 2: We’ve had a milk culture 
 

6. Tim: I think that the issue about milk consumption is that we have 
always believed for such a long time that milk is really good. It’s hard 
... our parents ... it’s hard to tell them that milk isn’t nutritious and 
really great. Or, it’s nutritious but... 

7. Sam: Yeah, exactly. 
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8. Tim: If you take a look at the marketing, like, “nature’s own sports 
drink” ... that it should be so natural and stuff, but it’s really, like, big 
industry. Maybe it’s not that super healthy. 

9. Mimmi: Yeah, the thing is that we’ve had a milk culture in Sweden. 
In schools and everything they still promote milk, like, “you should 
drink it because then you get strong bones." 

 
The notion of ‘an examined life’ made it possible to articulate qualities in the 
transcript akin to how the students questioned themselves and society, more 
specifically, the influence of authoritative voices such as family (line 6), in-
dustry (line 8) and education (line 9) in shaping norms, habits and traditions 
around milk. 

In Paper III, the descriptive themes were interpreted into questions of en-
quiry, such as “What values are challenged and conflicted due to the produc-
tion and consumption of cow’s and oat milk?” “How are the norms around 
beverage choices established and upheld?” (Table 3). Drawing on Nussbaum’s 
notion of ‘world citizenship’ the themes of meaning were formulated with re-
spect to how the students engaged in scrutinising themselves and society, in 
seeing themselves as bound to other humans and in narrative imagination. The 
following Excerpt 3, is part of the theme illustrating the students’ ‘Imagining 
ways to a sustainable future’:  

 

Excerpt 3: Do you think this is the future? 
 

10. Noel:  Do you think this [oat milk] is the future? 
11. Leon: Yeah, I think it’s the future. 
12. Samit: Well, it also depends on how it will be in the future, euhm, 

like, how many people will be lactose intolerant and...  
13. Noel:  But this [the oat milk] will surely be developed and given 

other qualities, euhm, like milk I think.  
14. Leon: It’s possible to put protein and such in it!  
15. Noel:  Yeah. Yeah, I think that if we develop the product more and 

try to get at more… 
16. Leon: More and more people are becoming sensitive to lactose and 

gluten and all that stuff.  
17. Samit: Yeah, so it will probably get more popular.  
18. Leon: Mm. Because of climate [change] more and more people will 

transition to vegan food and such.  
19. Samit: Mm. That’s damn true.  

 

When interpreted through the conceptual lenses of narrative imagination, it 
became possible to articulate qualities in the above transcript in terms of the 
students trying to envision what the future would look like (lines 10, 11) by 
considering how people’s needs, habits and motives vary when making life-
style choices. By placing themselves in the shoes of people with food allergies 
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(lines 12, 16), the students express concern for other people’s needs for nutri-
ents (lines 13, 14). They also express an awareness that the incentives for mak-
ing lifestyle changes vary, for instance, due to people’s food allergies (lines 
12, 16) or worries about climate change (lines 18, 19).  

 
Table 3. An illustration of how different stages of analysis were related in Paper III.  

1. Meaning units 2. Codes 3. Catego-
ries 

4. Descriptive 
themes 

Lea: But the problem is that 
[cow’s] milk is not really made 
for humans, ehm, like. It’s 
made for calves. 

It’s made 
for calves 

The notion 
of what is 
‘natural’ or 
‘unnatural’ 
for human 
beings to 
drink 

What values are 
challenged and 
conflicted due to 
the production 
and consumption 
of cow’s and oat 
milk? 

Sam: But how do we torture 
/.../ we use very rough meth-
ods to get the milk and then, 
well maybe not in Sweden but… 
then we have… Yeah, well it’s 
not that good either, actually. 
But we have pretty rough ways 
to produce that milk.  

We use 
very 
rough 
methods 
to get the 
milk 

Animal 
rights to au-
tonomy and 
to live with-
out suffering 

Elsa: The cows can’t walk 
around freely. They can’t forage 
freely. It’s very controlled and 
they are most often confined. 

They are 
most of-
ten con-
fined 

 
 

4.7 Methodological considerations 
There are multiple ways of measuring the credibility of qualitative research, 
and researchers are commonly urged to clearly define their validation terms 
before making methodological considerations (e.g. Elo et. al., 2004; Kirk & 
Miller, 1986). Traditionally, in education research, credibility is discussed in 
terms of outcome and process validity, regardless of the methods used (New-
ton & Burgess, 2008). Together, these measures account for the extent to 
which the research outcomes match the intended purpose, and how the results 
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connect to data. The methodological considerations underpinning this disser-
tation are guided by an extended rationale for measuring validity proposed by 
Anderson and Herr (1999), and further developed by Newton and Burgess 
(2008). Anderson and Herr (1999) suggest that complementary to outcome 
and process validity, the credibility of participatory education research also 
depends on democratic, dialogic and catalytic validity. Democratic validity is 
concerned with the extent to which research is done in collaboration with all 
participants, dialogic validity to how the research has been subjected to a crit-
ical and reflective dialogue with other researchers in the field, and catalytic 
validity to the participants’ opportunities for transformation (Anderson & 
Herr, p. 16).  

Reflections on outcome and process validity 
As described previously in this chapter, I played an active role in all phases of 
the two research projects, including the stages of implementation of teaching. 
Even though I functioned more as an ‘observer’ during the implementation in 
Project 2, my role gradually merged with the roles of the teachers during im-
plementation in Project 1. I am aware that researchers are frequently urged to 
confine their roles to describing and analysing the activities under observation. 
Related arguments are supported by the idea that the researcher needs to (and 
is able to) take a distanced, ‘objective’ stance in research, without influencing 
the results (Barab & Squire, 2004). This understanding of the researcher’s role 
is difficult to reconcile with a recognition that, through my presence in the 
classrooms, I was part of the processes being studied. Controversial as it may 
sound, it has been suggested that the researcher’s very biases (knowledge, val-
ues and experiences included) can actually be regarded as resources for en-
hancing the quality of the research outcomes (Coe, 2013; Andersen & Shat-
tuck, 2012). Drawing from my experiences in Project 1, I would argue that 
sharing in-depth knowledge about the conditions at the school with my teacher 
colleagues contributed to keeping the research relevant for advancing our 
common science teaching practice. In hindsight, I concluded that the risk of 
situating interventionist education research in one’s own teaching practice, in-
volving colleagues and students, is not so much about losing an ‘objective’ 
stance in research, as it is about the risk of neglecting to renegotiate the already 
established roles, relations and epistemology as new activities are introduced. 

Another important methodological concern is about how data has been in-
terpreted, and if data would have been interpreted in a similar way by other 
researchers (Kirk & Miller, 1986). Given that expectations, knowledge, expe-
riences and purposes of engaging in research varies, exact overlap between 
different researchers’ interpretations of qualitative data seems like an unreal-
istic expectation. Based on a review of how process validity has been consid-
ered in studies where QCA was used for data interpretation, Elo et al. (2014, 
p. 8) conclude that “[t]he trustworthiness of content analysis results depends 
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on the availability of rich, appropriate, and well-saturated data”. The im-
portance of rich data has also been conceptualised in terms of ‘thick descrip-
tions’ — that human actions are contextualised (Geertz, 1973). In papers I–
III, I study students’ learning as participation, and socioculturally embedded 
in school science practices. I prioritise the making of thick descriptions in my 
work — to achieve consistency between my epistemological assumptions and 
analytic approach, and for making my interpretations possible for the reader 
to follow. To ensure outcome and process validity, I approached the data in 
alignment with the suggestions of Elo et al. (2014). This includes my decision 
to transcribe students’ conversations verbatim, to be as transparent as possible 
with regard to the analytic decisions made, to define how key concepts (such 
as code, category, theme) have been interpreted, to conduct the analysis to 
saturation, to illustrate each category and/or theme with cohesive excerpts 
from students’ conversations and to triangulate the analysis.  

Reflections on dialogic, democratic and catalytic validity 
Subjecting one’s analysis to critical and reflective dialogue with knowledgea-
ble others is important for strengthening dialogic validity in research (Ander-
son & Herr, 1999). My methodological choices and interpretations of data 
have been scrutinised and discussed in a sustained dialogue with experienced 
university colleagues at the department and as part of conference presenta-
tions. Anderson and Herr (1999) state that “[w]hile process validity depends 
on the inclusion of multiple voices for triangulation, democratic validity views 
it as an ethical and social justice issue” (p. 16). A strong methodological value 
commitment in participatory action research is that all practitioners, in this 
case the participating teachers, are agents and not objects or onlookers in the 
research (Newton & Burgess 2008). However, power relations, dependencies 
and differences in conditions for participation all risk endangering the multi-
voicedness of research if not recognised and actively taken into account. In 
my ambition to open up spaces for the teachers’ perspectives, I strove to allow 
all participants to be heard during joint meetings and to background my own 
voice. I believe that to achieve democratic validity, it is crucial to pay attention 
to how inclusion is played out in the ‘everydayness’ of research. When col-
laborating with the participating teachers I continuously asked myself ques-
tions such as: Who is allowed to speak when, about what and with permission 
from whom? Whose suggestions are followed up and put to action? Who has 
a stronger say in a particular matter and why? Who sums up the voices of 
others and how is this done? 

Despite my efforts to encourage the participating teachers’ voices and per-
spectives, an unresolved challenge in both projects was how to include the 
teachers in the final analysis and dissemination of the results. My application 
of the QCA framework was driven by certain epistemological assumptions 
and a theoretical understanding of capabilities and critical examination. Even 
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though theory at various levels was discussed with the teachers in both pro-
jects, the teachers had full-time teaching schedules at their schools. It was not 
possible to mutually engage in the theoretical and communicative work at the 
end of each project, respectively.  

The important role of theory in knowledge production, along with the chal-
lenge of including all participants in related theoretical work, is also akin to 
catalytic validity. According to Anderson and Herr (1999), catalytic validity 
highlights the transformative potential of practitioner research. 

All involved in the research should deepen their understanding of the social 
reality under study and should be moved to some action to change it (or to re-
affirm their support of it). The most powerful practitioner research studies are 
those in which the practitioners recount a spiraling change in their own and their 
participants' understandings.” (p. 16)  

 
This dissertation is written from my position as a researcher and a science 
teacher. It would be presumptuous to make claims about perceived opportuni-
ties to transform from the perspective of someone else (such as the participat-
ing teachers or students). What I can do, however, is to consider how the teach-
ers were invited to become part of a transformative process, and to what extent 
the notion of transformation was negotiated and made visible for all partici-
pants. An inherent strength in participatory methodologies is that related re-
search is (partly) motivated by needs to transform school practice — needs 
that teachers are undoubtedly the most qualified to identify. In both projects, 
the research objectives were formulated with the teachers, taking their opin-
ions, experiences and first-hand views into serious consideration. As the ‘ex-
pert’ in their own classrooms, the teachers also had a strong say in the refine-
ment of task activities between cycles of implementation. Furthermore, the 
formulation, interpretation and ongoing revision of tentative design principles 
was a viable tool for articulating knowledge production and newfound insights 
and for making it possible to negotiate between participants. In the second 
project, some of the teachers reported having implemented the student activi-
ties in multiple classes with teacher colleagues who had not previously partic-
ipated in research at their schools. Thus, it is reasonable to assume that there 
was an added local transformative value to conducting research at some of the 
participating schools (see also Newton & Burgess, 2008). After the projects 
had ended, some of the participating teachers from both projects enrolled in 
new research projects and some entered graduate studies, thus assuming the 
role of researcher themselves.  



72 

Generalisability  
The findings presented in the papers are context specific, produced in research 
projects with few cases involved, and building on epistemological assump-
tions about learning as locally situated. An emerging question is, to what ex-
tent is it possible to make general claims based on such findings? Acknowl-
edging that there are a variety of generalisation problems in different kinds of 
qualitative research, Larsson (2009) argues that generalisability needs to be 
given a plurality of meanings. Larsson proposes different lines of reasoning 
about generalisability in qualitative research, two of which are applicable to 
papers I–III of this dissertation.  

The papers can be described as idiographic, or, of specific character: “The 
role of a specific study is not to say something about other contexts, but to 
contribute to the broader picture by filling a ‘hole’ in the whole” (Larsson, 
2009, p. 28). This means that the judgement about generalisability is left up to 
the reader (see also Lincoln & Guba, 1999). For instance, science teachers 
may consider whether the tasks and tools, purposefully designed to develop 
students’ critical examination of public issues in the media, could be success-
fully implemented in their own teaching practice for similar purposes. In mak-
ing generalisations like this, the reader depends on the researchers’ transpar-
ency and ‘thick descriptions’ of context (Geertz, 1973), procedures that I have 
applied in the studies. Larsson also insists that in order for generalisations 
from idiosyncratic studies to be possible, the significance of the case, or how 
it may be relevant to others, needs to be convincingly articulated by the re-
searcher. The significance of the studies in this dissertation is tied both to the 
ways in which encounters with public issues in the media challenge the ability 
of people in contemporary societies around the world to remain critical, and 
to the prominent role of critical examination in science curricula at all levels 
of education across nations. 

Another line of reasoning about generalisability suggested by Larsson 
(2009), adheres to the recognition of patterns:  

Research texts can communicate ways of seeing something, often with the am-
bition to transcend old or taken-for-granted ways of understanding the studied 
phenomena /.../ Qualitative research often produces such interpretations – the-
oretical constructions, concepts or descriptions, i.e. patterns or configurations, 
which can be recognized in the empirical world. The reader is invited to notice 
something they did not see before.” (p. 33)  
 

In the papers, I adopted Nussbaum’s (2011; 1997) theoretical understanding 
of capabilities, and notion of 'world citizenship', to expand knowledge about 
how students’ critical examination of public issues may be enacted in the Sci-
ence classrooms. For instance, in Paper II, I make empirically grounded prop-
ositions about how students’ participation in critical examination may be rec-
ognised as critical self-examination and a way to question authority in society. 
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In Paper III, students’ participation in critical examination is recognised as a 
way of taking the perspectives of others and using narrative imagination to 
achieve a sustainable future. Related ways of seeing critical examination may 
contribute to sensitising the gazes of teachers and researchers in ways that 
enrich the understanding and development of critical examination in science 
education practice and research. The two research projects were guided by 
design principles, that were subjected to ongoing revisions during the pro-
cesses of research (van den Akker, 1999). Rather than providing precise in-
structions for the teachers to follow, the principles are formulated to point to 
more general principles to guide the teaching. As such, they are sensitive to 
context and need to be interpreted and given meaning in relation to the local 
conditions at the school. 

The ideographic character of a study, as well as the recognition of patterns 
(Larsson, 2009), are lines of reasoning about generalisability also applicable 
to Paper IV. The heuristic for ethical reflection proposed in the study builds 
on unique cases and personal experiences of conducting participatory re-
search. The questions posed in the heuristic point to patterns of similar ethical 
issues that emerged in our own projects, respectively. Yet, the questions posed 
in the heuristic are left unanswered, open for interpretation of relevance and 
meaning in relation to the specificity of other participatory research projects 
by scholars in the field of education.  

Robustness in research builds over time. This dissertation is part of a larger 
body of research in science education concerned with students’ critical exam-
ination of public issues in the media, as well as of research concerned with 
participatory methodologies in education research. By using theory that has 
received little attention in science education, I hope to contribute with nuances 
and an increased repertoire for recognising and developing critical examina-
tion useful for scholars and practitioners. Also, in sharing my own and my 
colleagues’ experiences and shortcomings in collaborating with teachers in 
various constellations, I also invite scholars in the field to participate in a sus-
tained and expanded dialogue about the ethics of conducting participatory re-
search.  

4.8 Ethical considerations 
Any research process involving people rests on different forms of relations, 
and as such presupposes careful and ongoing ethical reflections. This is not 
least true when research is situated in school practices, with loyalties, power 
relations and dependencies among the students and teachers at stake. In my 
role as a researcher, the basis for the ethical decisions and actions I have made 
reflects my responsibility to take the situation of all participants into account 
at all stages of the research. This includes not only data production, but also 
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analysis and dissemination of the research findings. Yet, in conducting re-
search that involves young people in education, I believe that the vulnerability 
of the participating students needs to be given particular attention, and if nec-
essary, prioritised. 

The overall research process 
The decisions made with regard to this dissertation have been guided by the 
code of conduct for social science research established by the Swedish Re-
search Council (Vetenskapsrådet, 2017). This means that all participants gave 
their written consent. Before approval, the students were informed about the 
overarching aim of the research projects — to investigate their engagement in 
critical examination of public issues on the Internet. The students were also 
informed about the conditions for participation, including that participation 
was voluntary, that no real names would appear in the final products, and that 
they had the right to withdraw from participation without explanations or con-
sequences at any given time. In Project 1, I provided this information person-
ally, both orally and in writing, as I visited each class before the project started. 
In Project 2, each teacher provided the information orally and with a letter 
written by me which they handed out to the students before the project started. 
My university-based colleague and I informed the participating teachers in 
person and in writing about the project aims and the conditions for participa-
tion.  

To respect students’ rights to anonymity and confidentiality during data 
collection, the video-recorded groups were informally selected where one, or 
a couple of groups in each class volunteered. Having groups volunteer may 
have resulted in foregrounding the voices of the more outspoken and secure 
student groups. In this case, protecting student rights to anonymity and confi-
dentiality weighed more strongly. In some classes, a couple of students were 
uncomfortable being filmed, so the cameras were positioned to avoid filming 
them and without them having to move around the classroom. Before analysis, 
the original audio and video recordings of students’ discussions were trans-
ferred to separate hardware-encrypted disks, stored in a locked cabinet at the 
university and then deleted from the cameras and memory cards. The field 
notes were saved as encrypted files on my work laptop and stored in a locked 
cabinet at the university when not in use. In analysing students’ conversations, 
I have tried to do justice to their voices and concerns while honouring our 
agreements about their participation and engagement with the tasks. The anal-
yses between cycles of implementation were carried out with the teachers, and 
their interpretations and experiences as experts in their own classrooms had a 
strong influence on the decisions made in each of the two projects. To protect 
all participants’ identities, the real names of the students, teachers and the 
schools have not been used. 
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Working with health issues and the Internet in science classrooms 
During my work, I encountered unforeseen ethical challenges for which little 
guidance was to be found in the literature and legal regulations. The research 
was an opportunity for me and for the participating teachers to take part in 
students' engagement with health issues in science education. An engagement 
that turned out to be very personal and emotional for many of the students who 
enrolled in the projects. In the first cycle of Project 1, cancer was one of the 
health topics chosen for the students to work with — a condition that some of 
the students’ parents or relatives suffered from. My colleagues and I were un-
aware of this before the project started, but immediately after we found out, 
we talked to each of the affected students individually to ask how they felt 
about the situation and to offer an updated version of the task where these 
topics were replaced. All the students we talked to declined this offer. In Cycle 
2, the student groups were free to choose their own topics, with the result that 
mental health conditions such as stress and depression became the focus. It 
soon became apparent that the students’ interest in mental health conditions 
was often based on their lived experiences. In Project 2, ethical dilemmas 
emerged as students’ own choices and preferences around milk became sub-
jected to scrutiny and negotiation with peers. Even though students were not 
meant to argue for and convince others of their own positions, some of the 
student groups ended up debating vigorously, with some students trying to 
convince others about ‘right’ or ‘wrong’ (such as being vegan or not).  

When students are invited to engage in activities that open up spaces for 
becoming personally and emotionally involved, it is an opportunity to make 
science education relevant to participation in everyday life. Yet, when making 
education meaningful for students, there is also the risk of making it ‘too’ 
relevant when the borders between the school and students’ private spheres 
are blurred. The question about what is ‘too’ close, though, can only be an-
swered by the students. Aware of our own unawareness, the teachers and I 
tried to be sensitive to each student's voice and need for integrity — even 
though it was a real challenge in the complexity, plurality and uniqueness of 
each classroom. Also, we attempted to make clear the exploratory, rather than 
rhetorical purposes of the introduced activities to the students, balancing each 
students’ right to either have or not have an opinion, with their entitlements to 
privacy and respect.  

Another issue that raised ethical challenges was how the Internet is used in 
science teaching. When students search for information on the Internet, the 
teacher loses control over, yet is still responsible for what perspectives and 
voices are brought into education. This was a responsibility that the teachers 
and I shared. Our intention was not to follow student activities on their com-
puter screens, but as participation in dialogue with peers. The teachers and I 
made sure that we circulated among the student groups as much as possible 
during their online information retrieval and group discussions (I was present 
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in the recorded groups only). We attempted to play the role of both teacher 
and adult, not leaving the student groups on their own to examine controver-
sial issues that we assumed were relevant to their lives. 

In both projects, the students worked on individual laptops rented from 
their schools. In one of the student groups working with STDs in Project 1, 
one student (Lilo) exclaimed: "Shit! My search [engine] history won't be nice 
after this!" Even though it was unlikely that someone would actually be able 
to trace their search history, Lilo’s comment points out that when education is 
conducted via the Internet, the classroom walls become permeable to the out-
side world. What is part of a school task may be recognised and interpreted as 
something very different by someone outside of the school context. By releas-
ing students’ podcasts on an open access site for youths in Project 1, students’ 
activities also became public and as such open for comments by and opinions 
of people from outside the school. To protect student anonymity and confi-
dentiality, while still inviting a ‘real’ audience to become engaged, the stu-
dents posted their podcasts without using real names and the connected wikis 
were moderated by adult co-workers at the site.  

Teacher-researcher relationships 
Working in close collaboration with in-service teachers (two of whom were 
also my colleagues at the time) raised many questions about research ethics 
around the relationship between the teachers and me. At the heart of partici-
patory research in education is the assumption that when teachers and re-
searchers come together in a process of collaborative knowledge production, 
there are opportunities to increase the relevance of research (Anderson & 
Shattuck, 2012; The Design-Based Research Collective, 2003; McNiff, 2017). 
Related methodologies that challenge traditional forms of participation in ed-
ucation research and which position the researcher as a ‘thinker’ who observes 
an ‘acting’ teacher have been proposed (Wagner, 1997). The undoing of the 
classic teacher-researcher dualism is conditioned by the establishment of 
‘symmetric’ partnerships among participants, allowing for both teachers and 
researchers to engage in conceptual work, argues Sensevy et al. (2013). Ac-
cording to this symmetry principle, all participants in a design-based research 
project should share responsibility for implementation and knowledge produc-
tion.  

Previously in this chapter, I described how the conditions for participation 
in the two projects were very different for me and the teachers, for instance, 
with regard to the time available and opportunities to engage in theoretical 
work. When conducting research collaborations with teachers working full-
time at their schools, the establishment of equal conditions for participation 
seems to be an unrealistic a goal. Sensevy et al. (2013) clarify that symmetric 
partnership “[d]oes not mean that there are no practical or epistemic differ-
ences between the different agents” (p. 1033). In the context of participatory 
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research, the notion of symmetry points to the need for both teachers and re-
searchers to propose what they ‘see’ and ‘know’ from their respective posi-
tions. Throughout the projects, I have attempted to let the principle of sym-
metry guide my collaborations with the teachers, making sure to provide op-
portunities for all voices and perspectives to be heard and considered. As dis-
cussed previously in this chapter, ensuring multivoicedness is also akin to 
research validity in participatory research (Anderson & Herr, 1999). Yet, de-
spite my ambition and efforts, there have also been shortcomings, such as lack 
of communication and failures to establish and negotiate a shared epistemol-
ogy along the way. Some of the ethical implications that followed from my 
attempts to encourage a shared responsibility between the teachers and me, 
including the different values at stake, are discussed in Paper IV.  

In hindsight, I have come to reflect upon how ‘ownership’ was played out 
between the teachers and me in the research projects (Areljung et al, submit-
ted). As is also true for the work presented here, teacher ownership in design-
based research is commonly emphasised in the stages of formulating the re-
search objectives, and designing, implementing and evaluating student activ-
ities (e.g. Guiterez & Kim, 2017; Penuel, 2014). Assuming that both teachers 
and researchers are ‘knowers’ and part of the analytical process, Cochran-
Smith and Lytle (2007) ask “[w]ho is entitled to write about whom and who 
owns the data” (p.37)? The authors argue that making research results public 
is deeply intertwined with ethical considerations about authorship and owner-
ship. In my role as the researcher, I had been given the right (through formal 
agreements) to interpret and present the final outcomes in my own words, yet 
in ways that also captured the teachers’ perspectives. However, ‘rights’ are 
typically paired with ‘obligations’, and ‘ownership’ entails both risks and ben-
efits. As for the ‘obligation’ of being the spokesperson for anonymous (con-
tradictory as that may be) teachers, I recognise my responsibility to do justice 
to each voice, to make clear the conditions for participation, and to describe 
what the goals of our collaborations were in analysing and disseminating the 
results. That said, the final outcomes of the research projects presented in this 
dissertation are merely a synthesis of the actual journey of getting there. Dur-
ing this journey, I have gradually become more aware of the epistemological 
assumptions underpinning my work and I have experienced the vulnerability 
in, yet transformative potential of challenging and giving epistemological as-
sumptions a voice. Neither of which would have been possible without the 
willingness of experienced science teachers and students to embark on that 
journey with me — , yet knowing that in the end, their voices would be re-
flected through mine.  
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5 Summary of papers I–IV 

In this chapter, I summarise the particular aims and questions posed, main 
findings and conclusions of the four papers of this dissertation. The presenta-
tion of papers I–III have been guided by the aim of this dissertation to contrib-
ute to expanding and nuancing the understanding of students’ critical exami-
nation of public issues in science education by drawing on a capabilities ap-
proach. In Paper I, we take a capabilities approach to examine how students 
engage critically with health information on the Internet. Students’ critical en-
gagement with science here is related to research about socioscientific reason-
ing in science education and is therefore referred to as ‘critical reasoning’. In 
papers II and III, students’ activities are situated within the philosophic tradi-
tion of ‘an examined life’ as developed by Martha Nussbaum. Consequently, 
students’ critical engagement with science is referred to as ‘critical examina-
tion’, which opens up spaces for expanding the understanding of what may 
constitute qualitative dimensions in students’ engagement with science in the 
media.  

In this dissertation, I also engage in a discussion on the ethical dimensions 
of different forms of participatory research on the teaching and learning of 
science. In Paper VI, we elaborate on how ethical challenges of symmetry 
emerge and need to be accounted for when education research is carried out 
in close collaborations between teachers and researchers. 

5.1 Paper I: Developing students’ critical reasoning about 
online health information: A capabilities approach 

Until recently, health information was almost exclusively accessible only to 
medical professionals, researchers and health providers. With the rise of digi-
tal media, a broad range of health information is now freely accessible for the 
lay public to read and communicate about (Ross, 2014; West, 2013). The In-
ternet has undoubtedly become a valuable starting point for individual auton-
omy and self-management in health issues. Yet, when navigating the broad 
range of sources and sometimes conflicting information online, the capability 
to stay critical is put to the test (Fergie et al., 2013). In this study, the aim was 
to create opportunities to develop the capability to critically reason about 
online health information in science education.  
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How people scrutinise health information and make decisions about health 
issues is studied in the research field of health literacy (Weber et al. 2009). A 
conclusion in previous research is that lay people tend to use ‘incorrect’ crite-
ria for source evaluation and should therefore be provided with lists of recom-
mended websites already approved by medical experts, or alternatively, with 
readymade checklists tailored for source critique on the Internet (Diviani et 
al., 2016; Metzger, 2007). Checklists for source critique on the Internet typi-
cally encourage people to pose and answer several fixed questions designed 
to cover a range of established evaluation criteria, most often created by au-
thorities in the field. Related criteria commonly target the trustworthiness of 
both the information and the publisher, for instance, with regard to infor-
mation accuracy and origin, and the publishers’ purposes and medical exper-
tise (Gauld & Williams, 2009). The capability to critically reason is also a 
central learning goal in science education, and as such recognised as important 
for enhancing students’ present and future participation in society (Aikenhead, 
2007). With a starting point in science education for citizenship, there is a 
body of research suggesting that students should be invited to learn about me-
dia (see also media literacy, Priest, 2013) as well as through media when en-
countering science on the Internet (Höttecke & Allchin, 2020; Belova & Eilks, 
2016; Chang Rundgren & Rundgren, 2014). However, in science education 
practices media is rarely used to raise students’ media awareness and critical 
approach to the science they encounter on the Internet (McClune & Jarman, 
2014). In response to this, the following research questions were posed: (1) 
How is the capability to critically reason enacted in students’ encounters with 
conflicting online health information in science education? (2) In what ways 
can an evaluation tool contribute to qualifying students’ capability to critically 
reason in science education?  

The study was part of a design-based research project (The Design-Based 
Research Collective, 2003) which was carried out between 2013 and 2015 
during which I collaborated closely with two experienced science teachers at 
an upper secondary public school in Sweden. 128 science students aged be-
tween 16 and 17 participated as part of regular Biology teaching in the natural 
science programme. Over the course of eight lessons, groups of students en-
gaged in jointly searching for and evaluating online health information on top-
ics such as depression, cancer, STDs, eating disorders and resistance to anti-
biotics. The information retrieved constituted the starting point for students’ 
participation in discussions about health ethics on wikis and in podcasts. Ini-
tially, the student groups searched for and evaluated health information with-
out specific support or scaffolding tools from the teachers. After two lessons, 
the students were introduced to the evaluation tool GATOR (Genuine, Accu-
rate, Trustworthy, Origin, Readability). GATOR was designed by medical ex-
perts to support lay people's evaluations of online health information (Weber 
et al., 2009). Data was collected in the form of audio- and video-recordings. 
The recordings enabled us to follow students’ discussions as they selected and 
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evaluated the health information they came across, both with and without ac-
cess to the evaluation tool. All recordings were transcribed and analysed with 
qualitative content analysis, including coding, categorisation and thematisa-
tion (Graneheim & Lundman, 2004). The categorisation made visible aspects 
of source critique that were present in students’ conversations. The thematisa-
tion was theory-infused in that we took our point of departure from the capa-
bilities approach framework (Nussbaum, 2011) to examine how critical rea-
soning was enacted by the students in relation to what was made possible in 
the task. By distinguishing functionings (ways of doing and being) from ca-
pabilities (the freedom to choose ways of doing and being), the framework 
allowed us to study how the evaluation tool both afforded and constrained 
students’ critical reasoning.  

The overall results indicated that regardless of the evaluation tool, the stu-
dents operated critically in that they were able to discern and apply a broad 
range of established questions for scrutinising sources on the Internet. The 
questions covered by the students included, for instance, information accu-
racy, relevance and actuality, and publishers’ affiliations, purposes and poten-
tial biases. Yet, even though just about the same kind and number of critical 
questions were posed both with and without the evaluation tool, it still altered 
how the capability to critically reason was enacted by the students. Without 
GATOR as a tool for critical reasoning, the meaning of information trustwor-
thiness did not seem to be something fixed or given. The students jointly ne-
gotiated the notion of trustworthiness in relation to their own information-
seeking purposes, and consequently consulted personal blogs or wikis to ex-
amine both emotional and experience-based dimensions of health issues. The 
evaluation tool, when used, mediated the understanding of trustworthiness as 
tied to the presence of scientific evidence, which sparked the students into 
sifting out 'facts' without perceived biases, inconsistencies and inaccuracies. 
The questions foregrounded by the tool contributed to structuring and slowing 
down students’ critical scrutiny, and no source was left unscrutinised. Yet, 
when the tool was used, the students' ceased to take emotional dimensions of 
health (visible, for instance, through narratives of people’s experiences on so-
cial media), into account. 

In conclusion, the paper illustrates that a critical approach to online health 
information in science education both includes and reaches beyond the use of 
ready-made checklists for source critique. Critical reasoning encompasses 
navigating the vast amount of conflicting information online, as well as par-
ticipating in negotiations about what counts as trustworthy. Such negotiations 
may focus on the multidimensional nature of health, the blend of various con-
texts and voices on the Internet, and not least, personal relevance. The paper 
illustrates that an evaluation tool in the form of a checklist for source critique 
does not necessarily encourage students to participate in such negotiations. 
Thus, if not complemented with additional support, the use of such checklists 
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may cause students to exclude relevant perspectives on health in science edu-
cation. The implication is that students need to be invited to engage with health 
issues in ways that are meaningful for them and provided with opportunities 
to construct their own conception of trustworthiness and relevance in dialogue 
with others. 

5.2 Paper II: Navigating alarming media messages about 
nutrition and health: How students engage in critical 
examination of science in news media 

A significant part of the science reported in the news media includes sensa-
tionalist articles about nutrition and health, providing contradictory infor-
mation about what foods to eat or to avoid (Nagler, 2014). For example, foods 
that are recommended as part of a healthy and balanced diet today, may well 
be labelled as less beneficial, or even harmful to consume tomorrow. Nagler 
(2014) points to a concern that conflicting media messages about nutrition 
may lead to public confusion rather than insights about what foods are healthy 
to eat and the belief that science researchers and nutritionists typically disa-
gree or keep changing their minds. Given the persuasiveness of mass media, 
providing students with opportunities to engage critically with science in the 
media is a learning goal in science education for citizenship (Bradford, 2013). 
The aim of this paper was to develop the notion of students’ capabilities to 
navigate and critically respond to controversial media messages about nutri-
tion in the context of science education. 

Scientific advancements reported in contemporary media tend to be se-
lected on the basis of their news value rather than on the basis of their valuable 
contribution to new scientific knowledge. While most science in news media 
is cutting-edge and under construction (Priest, 2013), the subject content in 
school science curricula primarily is comprised of well-established science. 
Tied to the notion of ‘scientific media literacy’, several studies point to the 
important role of science education in raising students’ awareness of how sci-
ence research and media reporting are produced and socially constructed (e.g. 
Belova & Eilks, 2016; Chang Rundgren & Rundgren, 2014). For instance, it 
is suggested that critical engagement with nutrition information in the media 
is conditioned by an understanding of the cumulative and evolutionary nature 
of scientific research, and the capability to make sense out of conflicting and 
technical findings or advice (Lee et al., 2017). At the same time, even when 
filtered through science journalism, advancements in the field of science are 
commonly regarded as being too technical for someone without specialist 
competences to understand and put under a critical lens. To expand the notion 
of what critical examination of science might entail, our theoretical point of 
departure was the concept ‘an examined life’ in the critical reflection tradition 
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of Socrates and the Stoics (Nussbaum, 1997). The Socratic ideal of ‘an exam-
ined life’ embodies the capability to become aware of and reason through 
complex issues by questioning and renegotiating not only one’s own cultural 
identity, values, beliefs and habits, but also the authoritative voices in one’s 
society. The research questions were, (1) What do upper secondary school 
students discern as relevant foci for the critical examination of alarming find-
ings on nutrition and health encountered in public service media on the Inter-
net? and (2) How may encounters with alarming news on nutrition and health 
enable students’ engagement in critical examination in line with the frame-
work of ‘an examined life’ (including the questioning of one’s own and others’ 
views and habits and a willingness to renegotiate views and habits)?  

The study was carried out between 2015 and 2016 as part of a collaborative, 
design-based research project involving five experienced science teachers at 
five different upper secondary schools in Sweden. 130 students aged between 
16 and 17 attending a vocational or study preparation programme at these 
schools participated as part of Science Studies class. With the teachers, we 
designed a teaching sequence that was implemented during two 80-minute 
lessons by each teacher, respectively. In groups, the students examined a so-
cioscientific controversy about cow’s and oat milk that was rendering signifi-
cant media attention in Sweden at the time. The student groups were video 
recorded as they mapped and evaluated information from the Internet about 
the two milk drinks. The video recordings revealed that all groups had come 
across a news article about a nutrition study which had suggested that the con-
sumption of cow’s milk caused bone fractures and premature death. The nu-
trition study was produced by university-based nutrition researchers 
(Michaëlsson et al, 2014) and reported by a science journalist in Swedish pub-
lic service media (SVT, 2014). The episodes during which the students dis-
cussed the article were transcribed and analysed through qualitative content 
analysis. This included coding and categorisation, followed by a two-step the-
matisation of descriptive themes and themes of meaning (Graneheim et al., 
2017). The descriptive themes illuminated the students’ foci during their crit-
ical examination of the alarming findings on milk. The themes of meaning 
were theory-infused in that we used Nussbaum’s (1997) depiction of ‘an ex-
amined life’ to analyse how the students questioned their own and others’ 
views and habits around milk.  

The results showed that the controversial message about milk sparked the 
students’ critical examination of how science is communicated in media, and 
how science is produced and explained in research communities. As students 
critically examined public service media as a communicator of scientific in-
formation they elaborated on the notion of ‘objectivity’ and how potential bi-
ases can influence how science is presented to a public audience. In examining 
the nutrition study, the students were able to both discern and use a range of 
established quality measurements commonly applied in the field of nutrition. 
For example, the students questioned the nutrition study design with regard to 
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the trustworthiness of correlation studies, the dose-response relationship be-
tween milk consumption and loss of bone density, and the physiological mech-
anism behind the suggested harm of milk. Aligning with the notion ‘an exam-
ined life’ (Nussbaum, 1997), the students also questioned how the authorita-
tive voices of researchers, parents, teachers, media and industry had contrib-
uted to shaping their own habits, opinions and knowledge about cow’s milk. 
This work opened up spaces for the students to discern what they referred to 
as ‘the Swedish milk culture’, and to recognise that their own conception of 
milk as healthy had been passed down through generations and upheld by ed-
ucation, cooking traditions, media and the dairy industry itself.  

While we know that people without specialist competences struggle to crit-
ically examine science in media  (Lee et al., 2017; Nagler, 2014), the results 
of this paper showed that the students examined the alarming findings on milk 
using similar methods to those used to scrutinise research in science commu-
nities. Nussbaum’s (1997) depiction of ‘an examined’ life illustrates how the 
qualitative aspects of the students’ critical examination of science in media 
may be recognised as a participation in practices of questioning authoritative 
voices in society and the illumination of controversial findings from multiple 
perspectives. The conclusion was that including controversy and complexity 
in science education holds promising opportunities for addressing issues of 
epistemology, including an understanding of scientific knowledge as con-
structed and, as such, embedded in social, cultural and historical practices. 

5.3 Paper III: Enactments of ‘world citizenship’ in science 
education: The role of critical self-examination, 
compassion and imagination in students’ examination 
of the production and consumption of milk  

The magnitude and complexity of contemporary sustainability issues, such as 
those relating to climate change and consumerism, challenge people’s ability 
to make moral judgements that are informed by established knowledge and 
the values, needs and conditions that underpin different ways of living (Nuss-
baum, 1997). Considering the way science permeates our lives, for instance, 
through medicine, nutrition, information technology and agriculture, science 
education provides rich opportunities for students to critically and emotionally 
engage in urgent lifestyle-related issues. In this paper, the aim was to explore 
how the notion of world citizenship may be used to expand the understanding 
of critical examination in science education.  

To handle complex issues of public concern, it has been suggested that sci-
ence education needs to go beyond the competences or achievements of indi-
viduals, and focus on students’ collective engagement in democratic practices 
where related issues are negotiated and resolved (van Poeck & Vandenabeele, 
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2012). Inviting students to jointly navigate and critically examine controver-
sial issues in all their complexity involves the teacher bringing differences of 
opinion and plurality into the science classrooms (cf. socioscientific contro-
versies, Solli, 2019). Encountering complexity and multivoicedness in science 
education encompasses venturing beyond the dualism of right and wrong, be-
yond delimiting the purposes of students’ critical scrutiny to a mere search for 
‘the truth’ (Nielsen, 2013a). It is suggested that the promise of critical engage-
ment with issues of public concern in science in education lies in the possibil-
ity of encouraging students to become emotionally involved and aware of the 
assumptions and practices underpinning the way we think, act and live (Alsop, 
2017). With the aim of further expanding an understanding of the capabilities 
of critical examination in science education, we adopted the notion of 'world 
citizenship' (Nussbaum, 1997). In her depiction of the abilities needed for 
world citizenship, Nussbaum offers a philosophical rationale for 'world citi-
zenship' education that centres on students’ willingness to expand their circles 
of whom they care about to connect themselves to a greater humanity. She 
pays particular attention to the interplay between critical, moral and emotional 
dimensions of citizenship. She argues for an education that invites students to 
see themselves as bound to all other humans, to critically examine norms and 
traditions in society, to take the perspectives of others, and to embrace narra-
tive imagination. The research questions were, (1) What questions of enquiry 
are addressed in upper secondary school students’ examination of cow’s and 
oat milk from perspectives of sustainability in science education? (2) How 
may the examination of cow’s and oat milk from perspectives of sustainability 
enable students’ enactments of 'world citizenship' (in the sense of critical ex-
amination of oneself and one’s traditions, seeing oneself as bound to other 
humans and animals, and embracing narrative imagination)? 

The study was part of a collaborative, design-based research project be-
tween 2015 and 2016 involving five experienced science teachers at five dif-
ferent upper secondary schools in Sweden (The Design-Based Research Col-
lective, 2003). 130 students aged between 16 and 17 at the five schools par-
ticipated as part of Science Studies class. With the teachers, we designed a 
teaching sequence that was implemented during two 80-minute lessons by 
each teacher, respectively. The empirical case centred on an ongoing sociosci-
entific controversy about cow’s and oat milk in Sweden. Cow’s milk holds a 
special cultural-historical position in Scandinavia and is served with lunch in 
Swedish schools (Jönsson, 2005). In the news and on social media, multiple 
perspectives and stakeholders (including the dairy industry, oat milk produc-
ers, farmers, nutrition researchers, animal rights activists and lay people) were 
heard at the time. In groups, the students were engaged in individual online 
searches about oat and cow’s milk, followed by the mapping and evaluation 
of the information, arguments and opinions they had retrieved. The student 
group discussions were video recorded and transcribed. The analysis built on 
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an understanding of students’ critical examination as socially constructed (lo-
cated in the social relations between the students rather than as inherent in 
individual students) and embedded in the specific educational practice (Lave 
& Wenger, 1991). For the analysis, we used the framework of qualitative con-
tent analysis (Graneheim et al., 2017), including steps of coding, categorisa-
tion and a two-step thematisation. The first part of the thematisation provided 
an account of the perspectives on cow’s and oat milk that the students focussed 
on in their discussions. The second part was theory-infused in that we used 
Nussbaum’s (1997) depiction of 'world citizenship' to articulate qualities in 
students’ critical examination. 

The results showed that the students were able to examine the production 
and consumption of the two milk drinks from multiple perspectives, such as 
environment, health, economy, food culture, history, ethics and animal rights. 
For example, the students examined value conflicts, norms, the impact on en-
vironment and health and the potential consequences of changed beverage 
consumption. While scrutinising different sources of information, the students 
negotiated the roles of facts, experiences, values and moral agency in navi-
gating the complexity of the milk issue. The notion of 'world citizenship' 
(Nussbaum, 1997) made visible how the students examined the consumption 
of cow’s milk as culturally laden, and closely tied to accepted norms around 
what beverages are consumed and how they are consumed in Swedish society. 
In confronting and restating their own habits and moral values around milk, 
the students positioned themselves as norm-critical. For instance, they ques-
tioned the role of education, media and industry in the construction of milk as 
a norm in Sweden. By using their imagination, the students travelled back and 
forth in time as they examined the milk issue through the perspectives of past 
generations and imagined the life conditions of a common future. Oscillating 
in time and space created opportunities for the students to reflect upon the 
milk issue from a broader perspective on humanity, transforming the issue to 
one of justice and people’s quality of life. Rather than searching for the one 
‘right’ diet or lifestyle for all, the students examined how human needs may 
vary. In doing so, they expressed compassionate concerns and sensitivity for 
the situations of other people and animals, as well as care and responsibility 
for the places in which we live. 

The paper shows that rather than being an issue of separating scientific 
from non-scientific claims, critical examination encompasses dimensions of 
scrutinising oneself and societal norms, imagining possible consequences of 
new scientific findings and making moral judgements guided by compassion 
for other humans, animals and our common environment. The conclusion is 
that science classrooms that are open to students’ own constructions of rele-
vance, meaning, closeness and care (rather than ‘truth’, rhetoric and resolu-
tion) appear to hold promise for the fostering of critical citizen education.  
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5.4 Paper IV: Ethical challenges of symmetry in 
participatory science education research — proposing a 
heuristic for ethical reflection  

The advancement of participatory methodologies and educational action re-
search has raised challenges about the research ethics that concern relations 
between different actors (Sensevy et al., 2013). Different forms of participa-
tory educational research depend on cooperation between teachers, research-
ers, and students in different kinds of relations. The ways in which these rela-
tions are enacted are often related to research objectives, epistemology, re-
search participants and the context in which the study is carried out (Wagner 
1997). Research is embedded in social practices with social relations of de-
pendency and loyalty between participants. Thus, different issues are at stake 
for participants in different positions (McNiff, 2017). This paper was moti-
vated by an experienced need to expand standard ethical reflection to better 
meet the ethical challenges of participatory educational research. 

In research there are values at play that relate to ontology, epistemology, 
and methodology (McNiff, 2017). The ontological commitments underpin-
ning participatory action research include a democratic and egalitarian value 
base, a commitment to holding oneself responsible for how one tries to influ-
ence other people’s learning, and acknowledging that one is part of a world 
connected to other people in an endeavour to undertake enquiry with others. 
The epistemological values have to do with what counts as valuable in terms 
of knowledge and knowledge production, and methodology refers to how the 
research is conducted. Participatory research seeks to overcome the classical 
dualism between ‘persons who think’ and ‘persons who do’, and instead con-
tribute to affirming teachers as professionals and opening up new spaces for 
teachers to explore instead of bringing in outsider knowledge (Bradbury- 
Hwang, 2010). In response to this, it has been suggested that different forms 
of relations in participatory research ought to rest on the principle of symmetry 
(Sensevy et al., 2013), meaning that both the teacher and the researcher share 
responsibility for responding to the problem of teaching practice in both the-
oretical and concrete ways. Thus, participatory methodologies and educa-
tional action research involve ethical challenges beyond the questions of in-
formed consent and confidentiality in conventional university-based research 
where educational practices are regarded as fields for data collection. In this 
study, the aim was to disentangle some ethical challenges emerging from three 
different teacher-researcher collaborations in science education research.  

Empirically, the paper built on three examples of different configurations 
of teacher-researcher collaborations carried out between 2012 and 2017 in 
Sweden. The first case involved two university-based researchers (Andrée & 
Lager-Nyqvist) who set up an action research project in collaboration with a 
primary school teacher who taught science in the first and second grades. As 
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part of a project on learning and narrative remembering, the aim was to ex-
plore the conditions of classroom practice that previous studies had suggested 
were epistemically productive. The second case was part of Project 1 and in-
volved me as a school-based researcher, and two of my science teacher col-
leagues at the upper secondary school where we all worked at the time. The 
aim of this collaboration was to integrate digital technology into education to 
support students learning Biology. In the third case, the second author 
(Danckwardt-Lillieström) conducted design- based research in her own 
Chemistry classroom. Thus, she was not only a school-based researcher but 
also the teacher responsible for conducting the interventions in her own prac-
tice. The aim of her project was to investigate how creative drama could be 
used to support students’ chemistry learning in upper secondary school. In 
light of the principle of symmetry, each of the three cases were analysed with 
regard to the values at stake and the potential tensions in attempting to secure 
different values. 

In all three cases, different challenges of symmetry and divergent research 
objectives emerged during the research process. In the first case, the starting 
point of the project was determined from a university-based researcher posi-
tion which was reflected in tensions over value commitments, including the 
university-based researchers’ lack of connectedness to the local classroom sit-
uation, challenges of epistemic ambiguity in the object of study, and difficul-
ties achieving symmetry in the knowledge creation process. For instance, the 
participating teacher, wondering what the researchers were ‘after’, had long 
been unsure about the researchers’ agenda. It was not until the researchers had 
become part of the classroom situation that opportunities to engage in negoti-
ation about classroom practice emerged. The trajectory of my own research 
collaboration with two of my teacher colleagues illustrated that even when the 
research objective is mutually formulated, challenges of symmetry may 
emerge. Due to the lack of a shared epistemology of what ‘counts’ as school 
biology, a divide gradually emerged between a ‘research objective’ and a 
‘teaching objective’. This case also exemplified how asymmetric relations 
may arise in relation to the different values at stake. Even though we did share 
local responsibility for planning and engaging with the students during the 
implemented lessons, we did not share the consequences in terms of account-
ability for assessment or relations with students and parents. We also did not 
share accountability for publishing outcomes. In the third case, the challenges 
of symmetry concerned the researcher’s conflated roles in conducting research 
in her own classroom, with the pertaining risk of entangling the research and 
teaching objectives. For instance, as a teacher she had an ethical-moral obli-
gation to provide students with equal learning opportunities. Thus, it became 
important to ensure that the students who did not give consent to participate 
in the study were provided with equal learning opportunities. Another issue 
relating to the divergent objectives, given her dual roles, concerned how to 
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deal with sensitive information during the process of analysis of the collected 
data.  

Altogether, the three cases of teacher-researcher collaboration illustrated 
how participatory methodologies involve a transformation of ethics and epis-
temology and how the ethics and epistemology become intertwined. In the 
different forms of research, both the starting point and endpoint of the re-
search, as well as the aims and roles of teachers and researchers are blurred in 
different ways. In addition to the standard ethical reflection, we propose a 
heuristic for ethical reflection on participatory science education research, ex-
panding the principle of symmetry into reflective questions in relation to the 
dimensions of ontology, epistemology and methodology. The heuristic is in-
tended to extend standard ethical reflection in education research, by taking 
hierarchies, roles, values, risks, objectives and accountability among partici-
pants into account. 
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6 Discussion 

In the introduction, I outlined some of the suggested possibilities and chal-
lenges for citizenship that emerge when public issues, like nutrition and 
health, are encountered on the Internet. I have situated Nussbaum's version of 
the capabilities approach and notion of 'world citizenship' in science education 
to analyse students' participation in critical examination of public issues that 
relate to health. I have also drawn on sociocultural theories, which enabled me 
to study the repertoires available for students’ participation in critical exami-
nation as locally embedded in school science practices, mediated by different 
task instructions, supporting tools and not least, the Internet.  

Altogether, papers I–III contribute to nuancing our understanding of what 
participation in critical examination of public issues might entail in science 
education, and how students’ participation in critical examination can be de-
veloped in science education. The papers provide empirical examples of how 
critical examination from the perspective of 'world citizenship', encompasses 
dimensions of participation in epistemological work, examination of oneself 
and society, and narrative imagination. 

6.1 Critical examination as participation in epistemological 
work 

Nussbaum depicts 'an examined life' as a life in which authoritative voices are 
questioned through Socratic inquiry rather than internalised and uncritically 
accepted (1997). The authoritative voice of science, in society at large and in 
science education in particular, cannot and should not be neglected. Through 
the studies in this dissertation, it became evident that critical examination of 
public issues in the media is not only about distinguishing ‘true’ claims from 
‘false’, or recognising the value and quality of scientific knowledge in terms 
of its assumed objectivity or truthfulness. 

In the literature review, I wrote that evaluation tools in the form of ready-
made lists for source critique are recurrently advocated by scholars aiming to 
promote health literacy (Lee et al., 2014b; Metzger, 2007; Weber et al., 2009). 
The reasoning typically builds on conclusions that lay people tend to use ‘in-
correct’ criteria when evaluating health information on the Internet (Diviani 
et al., 2016; Lee et al., 2014a). By using a capabilities approach to analyse the 
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repertoires available for students’ participation in critical examination of 
health issues mediated by an evaluation tool, the findings in Paper I nuance 
previous conclusions and suggestions. The findings suggest that when what 
counts as trustworthy is predetermined, opportunities to make visible the so-
cial, cultural and historical embeddedness of science, including how scientific 
advancements become relevant in people's lives, risk being overlooked in the 
classroom situation. The ways in which the evaluation tool enabled the stu-
dents to privilege scientific information not only resulted in an uncritical ac-
ceptance of the authoritative voice of science communities, but also in the 
exclusion of relevant perspectives. Given the complexity of health issues, it 
has been argued that emotive, relational, participatory and existential aspects 
all play a part and may be valuable for navigating such issues (Fetro, 2010; 
Lundström et al., 2012).  

When taken seriously, participation in empirical work involves going into 
the very details of how knowledge is constructed, validated and disseminated 
in communities of science. In the literature though, seemingly uncontentious 
claims are made that the technicalities of the scientific advancements reported 
in the media are largely unavailable for a lay public (and plausibly even for 
science journalists) to scrutinise and make sense of (e.g. Pettersen, 2005a, 
2005b; Lee et al., 2014a; Mariotti & et al., 2010). In response to this, several 
scholars have suggested an increased educational emphasis on how scientific 
advancements are reported in the media (e.g. Belova & Eilks, 2016; McClune 
& Jarman, 2014). The findings in this dissertation suggest that when media is 
scrutinised in science education, real possibilities emerge to address and ne-
gotiate the meanings of objectivity, independence and bias in relation to how 
science is disseminated in the media. It should be safe to say that critical ex-
amination of media is essential when public issues, characterised by a lack of 
established knowledge (Bradford, 2013), are encountered on the Internet. 
However, the findings in Paper II suggest that the promise of engaging stu-
dents in scrutinising media should not be used to shift the focus away from the 
scientific content. The paper provides an account of how upper secondary 
school students engaged in detailed examination of the epistemics behind a 
controversial nutrition study about milk — for instance, with regard to the 
dose-response relationship and the suggested physiological mechanism. Such 
findings contest earlier conclusions made about the unavailability of technical 
scientific advancements to a lay audience. Historically and traditionally, 
cow’s milk has held a special position in Sweden (Jönsson, 2005). Thus, it is 
reasonable to assume that the scientific content being examined was already 
somewhat familiar to students — which presumably influenced how the epis-
temics of the nutrition study became available to them. Students’ engagement 
with the detail of the nutrition study triggered their reflections on the potential 
consequences of the new findings — for themselves and for society generally.  

The findings in papers I–III suggest that students’ critical examination of 
health issues on the Internet cannot be reduced to a source critique which aims 
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to sift out ‘true’ facts. Rather, it involves participation in epistemic work that 
includes examining the social construction of science and media reporting 
(e.g. Höttecke & Allchin, 2020). When viewed through the notion of an ex-
amined life, epistemic work in science education also becomes a matter of 
inviting students to participate in the collective processes in which science is 
given personal and social meaning. Paradoxically as it may seem, the findings 
reported here suggest that incentives to reflect upon the personal and social 
relevance of science emerged in parallel to students ‘digging into’ the techni-
calities of scientific findings. When embedded in the context of school sci-
ence, the technicalities of science opened up spaces for the students to nego-
tiate trustworthiness and relevance in relation to how knowledge is produced 
in communities of science and reported through media communities, in rela-
tion to the multidimensional nature of health and in relation to the conse-
quences of scientific advancements for people's lives. 

6.2 Critical examination as an examination of oneself and 
society 

The findings in papers I–III contribute to unfolding some of the complexity 
involved in articulating how students examine the notion of ‘milk’ as embed-
ded in scientific, social, cultural and historical practices. By collectively ex-
amining their own ‘natural’, students’ confrontation with their own and oth-
ers’ perspectives and habits steered them towards behaving ethically in the 
world. von Wright (2002, p. 411) holds that “[b]oth the process of judgement 
in which we include the perspectives of others and the process of confrontation 
in which we question our habits and are confronted with new meaning are 
complex.”  

When students can relate to the issues in science education, opportunities 
emerge for them to examine the moral assumptions that underpin lifestyle 
choices and to become aware of alternative ways of being and doing in the 
world. Paper III illustrates how the students examined the consumption of 
cow’s milk as a cultural phenomenon with references to “Swedish milk cul-
ture”. Recognising and examining the 'air of health' that surrounds milk con-
sumption in Sweden (see also Jönsson, 2005), triggered the students’ ques-
tioning of the foundations of their own, societal and global conceptions of 
milk. Viewed as such, the process of judgement in which the students included 
the perspectives of others and confronted their own habits, became a process 
of examining different ethical ways of being in the world. This suggests that 
the students’ critical engagements with public issues in the media reached be-
yond merely scrutinising and debunking the ideas of others. When viewed 
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through the lens of 'world citizenship', critical examination in science educa-
tion involves students’ participation in processes of becoming aware of their 
own moral agency in handling issues of concern.  

Kahn and Zeidler (2016) have suggested that it is in interactions with others 
that we are able to become aware of and examine our own biases, beliefs, and 
emotions. In light of Nussbaum’s notion of an examined life, critical exami-
nation of oneself can also be understood as an emerging possibility to under-
stand others. Thus, the value of engaging students in critical examination of 
public issues can be regarded as twofold — providing them with possibilities 
to oscillate between understanding others and (thereby) understanding them-
selves, and understanding themselves, thereby better understanding others. 
Paper III provides empirical examples of how students’ critical self-examina-
tion, both conditioned and created the need to understand others. As the stu-
dents directed their critical examination towards the "Swedish milk culture" 
the need to examine the roles and values of milk in other cultures arose. Fur-
thermore, as students examined milk from viewpoints different from their own 
incentives were created to scrutinise the moral assumptions and authoritative 
voices underpinning their own choices around food. 

There are multiple examples in the literature of how students are capable 
of sifting out the voices or perspectives of others on issues of public concern 
and using these in classroom debates (e.g. Anker-Hansen & Andrée, 2015; 
Solli, 2019; Walker & Zeidler, 2007). Nussbaum holds that the toughest ques-
tion for an education for citizenship is that of providing students with the abil-
ities, incentives and confidence to participate in deliberative processes in ways 
that are not just functions of “talk-radio or peer pressure” (Nussbaum, 2007, 
p. 48). Students’ examination of public issues should not be reduced to a mere 
internalisation and reproduction of authoritative voices, such as norms and 
traditions, in science education. The findings in this dissertation illustrate that 
when students examine their beliefs Socratically (in other words, examine the 
cultural and moral underpinnings) opportunities are created to push an enquiry 
further — not to convince an opponent of one’s own opinion, but to expand 
one’s repertoires for ethical ways of living through encounters with what is 
different.  

6.3 Taking the perspectives of others through narrative 
imagination 

In papers I–III, I provide accounts of the different ways in which the students 
took multiple perspectives into consideration when examining health-related 
public issues in the media. In Paper I, perspective-taking was enacted as a way 
for students to approach health issues holistically, in relation to both physical 
and mental aspects of health, as well as in relation to different purposes (Fetro; 
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2010; Kostenuis et al., 2017). In Paper II, perspective-taking was enacted 
when students examined scientific advancements as being culturally and his-
torically embedded, and thereby affecting people’s lives and society in various 
ways. In Paper III, perspective-taking was enacted when students participated 
in norm critique and made moral considerations about the production and con-
sumption of cow’s and oat milk. In Paper III, the process of perspective-taking 
was theoretically framed in Nussbaum's (1997) notion of narrative imagina-
tion. The notion of narrative imagination enabled me to frame the values in 
students’ perspective-taking in relation to educational goals about cultivating 
democratic citizens. Such values are closely tied to possibilities for challeng-
ing students and providing them with opportunities to transcend their egocen-
tric positions through being with others (von Wright, 2002).  

In the literature review, I wrote that science students’ inclusion of multiple 
perspectives in reasoning about public issues had been studied in terms of how 
students manage the typical complexity of such issues (e.g. Dudas et al., 2018; 
Kahn & Zeidler, 2016; Solli et al., 2019). This research has, for instance, pro-
duced knowledge about how much and and/or what types of perspectives can 
be detected in students’ conversations (Dudas et al., 2018), and how dimen-
sions of knowledge, values and experiences interplay in socioscientific rea-
soning (Rundgren et al., 2016). There has also been an interest in how science 
becomes relevant (Arvola Orlander & Lundegård, 2012) or is being privileged 
(Walker & Zeidler, 2007; Zeidler & Keefer, 2003) in students’ reasoning 
about public issues. In examining how perspectives on nutrition, ecology, 
economy, ethics and culture became relevant in Spanish students’ discussions 
about vegetarianism, Jiménez-Aleixandre and Brocos (2017, p. 121) studied 
perspective-taking as “willingness to take something into account in one’s rea-
soning”. In previous literature, the emphasis was on how students recognise 
and acknowledge multiple perspectives when navigating and reasoning about 
public issues. The reasons, though, for including multiple perspectives in sci-
ence education about public issues, have been less attended to. The value of 
perspective-taking seems to build on the somewhat self-explanatory recogni-
tion that since public issues are complex, they need to be approached with an 
open mind for wise decision-making (e.g. Zeidler & Keiffer, 2003).  

Nussbaum's (1997) notion of narrative imagination brings an ethic of com-
passion and care for others into science education, a moral compass that is 
possible to develop as we imagine what it is like to be in another person’s 
shoes. From Nussbaum’s viewpoint, to take the perspectives of others, is to 
be “[a]n intelligent reader of another person's story and to understand the emo-
tions and wishes and desires that someone so placed might have” (p. 11). Pa-
per III illustrates that when situated in science education, perspective-taking 
through narrative imagination can be practiced with students’ participation in 
collective visionary work about the hopes of achieving a sustainable future. 

Here, the perspectives of others were made visible to the students as they 
travelled back and forth in time — examining what would motivate people to 
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make viable lifestyle changes here and now, by imagining the circumstances 
and lived experiences that brought about change in the lives of people in past 
generations. To become emotionally involved in science education through 
narrative imagination, is to aspire to the kinds of “emotional moments” in sci-
ence education described by Alsop (2017 p. 270). “The intensities of these 
moments give birth to wondering and to sensations and experiences that can 
shape both science and who we are, as well as what we might hope to achieve 
both now and in the future”. 

In students’ imagining (and not just recognising and acknowledging) how 
the people’s desires, motives, needs and agency vary, the milk issue was trans-
formed into questions of equity and human and animal rights. Taking the per-
spectives of others opened up spaces for the students to renegotiate their moral 
agency in making lifestyle choices with respect to their own values, yet with 
a compassionate sensitivity and care for other human beings, animals and the 
places we live. Through narrative imagination, opportunities arise to see how 
circumstances shape the lives, actions and aspirations of those who share some 
general goals with us. The reason, then, to engage in such work is that com-
passion and care is what genuinely brings people together in democratic soci-
eties (Nussbaum, 1997).  

6.4 The potential of science education in contributing to 
citizenship  

Making proposals about the role of science education in promoting civic par-
ticipation, Roth and Désautels (2004) have suggested that instead of articulat-
ing the goals of science education in terms of scientific literacy, the starting 
point should be in framing a more general project of democratic citizenship. 
Regarding capabilities as freedom of choice (Nussbaum, 2011), a capabilities 
approach to science education is not reconcilable with educational goals about 
making students enact citizenship in certain ways. Rather, through science ed-
ucation it becomes possible to expand students’ repertoire of ways to critically 
attend to public issues with others in ways that are meaningful for them, as 
well as with a compassionate concern for others and our home environments. 
A capabilities approach to students’ critical examination of health-related pub-
lic issues in science education makes it evident that health literacy cannot be 
understood in isolation when it comes to students’ encounters with complex 
issues. To align with the goals of citizenship, health issues need to be situated 
within a wider societal context to provide the students with opportunities to 
collaboratively examine and negotiate relevant perspectives.  

In the capabilities approach, the notion of capabilities as freedom of choice 
is closely tied to the opportunities which are provided to act and to be in the 
world. Thus, a fundamental question in this dissertation is how students in 
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science classrooms can be provided with opportunities to participate in a crit-
ical examination of public issues such that the opportunities are extensions of 
capabilities rather than extensions of functionings. This means that we should 
look beyond prescriptive methods for getting science students to engage crit-
ically with public issues. To address this issue, the findings from the studies 
reported here need to be compared with other studies in which contextual fea-
tures have been considered when analysing students’ engagement with science 
(e.g. Anker-Hansen & Andrée, 2015, Arvola Orlander & Lundegård, 2012; 
Solli, 2019; Solli et al., 2019). Solli (2019) concludes that when the purposes 
of critical engagement with public issues align with a focus on persuasive ar-
gumentation in classroom debates, the controversial nature of certain scien-
tific advancements reported in the media is not made relevant for the students. 
Inviting students to engage with science through rhetoric and debate may thus 
be counterproductive for the goals of critical examination in science education 
(Anker-Hansen & Andrée, 2015). As illustrated in this dissertation, the same 
can be said about stipulating how science becomes relevant in handling public 
issues, explicitly through task instructions or implicitly through the introduc-
tion of checklists for source critique, which directs students towards prioritis-
ing evidence-based information. By viewing science learning as sociocultur-
ally embedded, this dissertation gives further support to previous suggestions 
that rhetoric and debate may trigger students’ uncritical acceptance both of the 
authoritative voice and the privileged position of science that has already been 
established in school science practices. Thus, it cannot be assumed that stu-
dents’ encounters with controversial science in the media will ‘automatically’ 
provide them with incentives to critically examine such findings — especially 
in the context of the science classroom.  

The findings reported here give credence to previous suggestions about the 
importance of bringing multiple perspectives on public issues into science 
classrooms, and encouraging students to consider the voices and arguments of 
others when reasoning about complex issues (e.g. Jiménez-Aleixandre & Bro-
cos, 2017; Kahn & Zeidler, 2016; Solli et al., 2019; Sund, 2015). Across pa-
pers I–III, students’ engagement in this work was conditioned by the opportu-
nities provided to participate in collective constructions of relevance and 
meaning, without obligations to reach consensus, resolution or ‘right’ answers 
(see also Todd & Säfström, 2008). By recognising that the critical examination 
of public issues involves participation in democratic practices where societal 
norms and values are negotiated and conditions for a common future envi-
sioned, the notion of personal relevance transcends students’ interest in sci-
ence. Creating opportunities for students to become emotionally involved in 
science education is a prerequisite for developing a critical approach to oneself 
and one's society, and, by extension, for democratic participation in society 
(von Wright, 2002). Yet, addressing public issues with personal relevance for 
students also raises ethical challenges about teachers’ responsibilities for man-
aging the multivocality of science classrooms such that the classroom is both 



96 

open to students’ emotional engagements, as well as respecting of student in-
tegrity.  

This dissertation started out wondering whether the opportunities that sci-
ence education provides for promoting democratic citizenship might be more 
promising if accompanied by an ethical invitation into a world of compassion 
and care. I have examined the promise held by Martha Nussbaum’s notion of 
'world citizenship' for framing the goals of a science education for citizenship 
in terms of a cultivation of humanity. Bringing Nussbaum’s theoretical frame-
work into science education illuminates the importance of providing students 
with opportunities to participate in collective practices where complex public 
issues are negotiated and given meaning — making visible the conditions for 
various functionings and extending the opportunities for students to develop 
the capabilities needed for human flourishing in democratic societies. The im-
portance of the capability to critically examine issues of public concern cannot 
be underestimated.  

Illuminating the controversy, uncertainties, injustices and differences in 
people’s agency undoubtedly makes the world a more complicated place to 
live in (von Wright, 2002). When addressed in education, the complexity that 
surrounds public issues in the media raises more questions than it provides 
answers. However, my point has not been to minimise the complexity of 
teachers’ work by prescribing specific procedures or tools for teachers and 
students to tackle public issues in the context of science education. The argu-
ments I put forward cannot be packaged into some deliverable and predeter-
mined technical exercise. Instead, the goal has been to examine the promises 
of science education to provide students with opportunities to live compas-
sionately in and with complexity, as citizens of a globalised and intercon-
nected world.  

6.5 Reflections on participatory education research 
The two empirical projects in this dissertation were didactically framed and 
pursued in close collaborations with science teachers in different constella-
tions. With the teachers, I formulated research objectives, designed and im-
plemented classroom activities, and analysed students’ learning in relation to 
what became possible in the immediate classroom situations. In our collective 
aspiration to develop knowledge about the teaching and learning of science, I 
perceived a need for ethical reflection and guidance that reached beyond the 
perspectives on research ethics offered by the literature and the national code 
of conduct. Paper IV was written as a response to the need I recognised myself 
to expand ethical reflection in participatory research in education, and aimed 
to shed light on the hierarchies, roles, values, risks, objectives and accounta-
bility among participants. The heuristic proposed for ethical reflection in Pa-
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per IV rests on the assumption that teachers and researchers need to be pro-
vided with opportunities to establish symmetrical relationships where the 
knowledge and interests of all participants are considered throughout the pro-
cess of research (Sensevy et al., 2013). In the two research projects, the prin-
ciple of symmetry played out differently, which had consequences for who 
was entitled to ask and answer questions, to choose theoretical perspectives, 
to interpret data and to disseminate results.  

In both projects, the expansion of the research objectives emerged in par-
allel to a deepened theoretical understanding of capabilities and citizenship — 
epistemological work that was difficult to fully share with the teachers given 
the different forms and conditions for participation. Thus, on the one hand, 
this dissertation illuminates the essential role of theory in practitioner research 
in science education. On the other hand, it also raises questions about how to 
strengthen the democratic validity of education research. Based on my own 
experiences from the two research projects, making epistemology available 
for all participants seems to be a promising route to ensure each person’s right 
to transformation in participatory education research. It has recently been ar-
gued that the science education community needs to collectively engage in the 
development of a community-based ethics for science education (Otrel-Cass 
et al., 2020). I believe the importance of developing and staying true to col-
lectively developed ethical standards, and inviting research participants to crit-
ical conversations about themselves cannot be underestimated. My vision and 
hope for future research collaborations in education are that they are pursued 
in a continuous, democratic and reflexive dialogue between teachers’ and re-
searchers. When it aspires to offer a reason for connecting with others, science 
education holds the promise of personal and social transformation in pursuit 
of a world that is increasingly compassionate and caring. 
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7 Svensk sammanfattning 

I det här kapitlet ges en svensk sammanfattning av avhandlingen. Samman-
fattningen inleds med en introduktion av problemområdet, teoretiska utgångs-
punkter och avhandlingens syfte och övergripande forskningsfrågor. Därefter 
följer en beskrivning av metodologin med avseende på forskningsmetod, pre-
sentation av de ingående empiriska forskningsprojekten, det empiriska materi-
alet och analysmetod. Avhandlingens fyra artiklar presenteras med fokus på 
de huvudsakliga resultaten och slutsatserna. Kapitlet avrundas med avslutande 
kommentarer. 

7.1 Introduktion: Dr Google utmanar i den 
naturvetenskapliga undervisningen 

Den här avhandlingen tar sin utgångspunkt i naturvetenskaplig undervisning 
som medborgarbildning, med särskilt fokus på möjligheterna att bjuda in ele-
ver att delta i kritisk granskning av publika frågor [public issues på engelska] 
i media. Som medborgare lever vi i en kunskapsintensiv värld i förändring. 
De omvärldsfrågor, i den här avhandlingen kallade publika frågor, vi idag står 
inför är komplexa och svårnavigerade, och det finns det ett uttalat behov av 
gemensamt ansvarstagande och skyndsam handling i frågor som exempelvis 
berör hälsa, klimat och konsumtion. I många delar av världen är internet den 
främsta källan till information om publika frågor, vilket också medfört att in-
formation som tidigare var reserverad för olika expertgrupper och forskare nu 
har blivit tillgänglig för en bredare allmänhet (Ross, 2014; West, 2013). Män-
niskors användning av internet för få information i hälsofrågor blivit så vanlig 
att forskare numera talar om att allmänheten vänder sig till Dr Google för att 
få hälsoråd (Hoving m fl., 2010). De forskningsrön som rapporteras i nyhets-
media selekteras vanligen utifrån nyhetsvärde, och representerar därmed inte 
nödvändigtvis den etablerade kunskapen inom naturvetenskapliga forsknings-
fält (McClune & Jarman, 2014; Priest, 2013). Detta är inte minst synligt i re-
lation till forskning som rör nutrition. Så gott som på daglig basis möts vi av 
uppseendeväckande rubriker om olika livsmedelslarm, där livsmedel som an-
sågs utgöra en självklar del i en hälsofrämjande och hållbar kost igår, utmålas 
som direkt skadliga idag (Nagler, 2014). Genom sociala medier hörs också 
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privatpersoners röster och erfarenheter i den samhälleliga debatten kring nut-
rition och hälsa. Samtidigt som internet skapar möjligheter att informera sig i 
publika frågor som rör hälsa, står vi också inför utmaningen att navigera och 
kritiskt granska den mångfald av röster och motstridig information som nu 
finns att tillgå (Song m. fl., 2016).  

I såväl utbildningsvetenskaplig forskning som i skolans läroplaner uttrycks 
betydelsen av att elever får utveckla de förmågor som krävs för att som med-
borgare kritiskt navigera publika frågor på internet. Genom att bjuda in elever 
att delta i sammanhang där publika frågor utforskas i all sin komplexitet, och 
inte bara för att illustrera specifika naturvetenskapliga begrepp eller relationer 
(jfr Andrée, 2007), kan skolan spela en betydelsefull roll för att kvalificera 
unga människors deltagande i samhällslivet (Biesta, 2007). Det förutsätter en 
undervisning som bjuder in elever att inte bara reproducera kunskap, utan 
också att söka, kritiskt granska, analysera och tillsammans konstruera kunskap 
(Säljö, 2010). Att detta är ett viktigt uppdrag för skolan märks inte minst i 
ämnesplanen för gymnasieskolans biologiundervisning, där det står att under-
visningen i ämnet “[s]ka bidra till att eleverna utvecklar förståelse av biologins 
betydelse i samhället, till exempel för livskvalitet och hälsa genom medicinen 
/.../ undervisningen ska också bidra till att eleverna utvecklar förmåga att kri-
tiskt värdera och skilja mellan påståenden som bygger på vetenskaplig respek-
tive icke-vetenskaplig grund.” (National Agency for Education/Skolverket, 
2011a).  

I dagens samhälle blir naturvetenskapens betydelse för hälsa och livskvali-
tet synligt genom de hälsorelaterade publika frågor som vi möter på internet. 
Det kan exempelvis handla om frågor som berör smittspridning, hälsoprevent-
ion, mental hälsa, vaccinationer, motion och kostval. Detta är komplexa och 
angelägna frågor där naturvetenskaplig kunskap är viktig, men inte kan er-
bjuda hela svaret eller enkla lösningar. Hälsofrågor griper in i våra liv och 
relationer. De ställningstaganden vi gör influeras inte bara av den naturveten-
skapliga kunskap som är tillgänglig, utan påverkas av såväl kunskap från 
andra forskningsfält som av erfarenheter, känslor och de människor vi har run-
tomkring oss (Fergie m fl., 2013; Lundström m fl., 2012). Det är rimligt att 
anta att ett kritiskt förhållningssätt till frågor som berör hälsa inte kan begrän-
sas till att enbart skilja fakta från påstående, utan behöver förstås i relation till 
en social kontext, frågornas komplexa karaktär och inte minst vad som blir 
relevant för våra egna syften. Idag finns det begränsat med studier som under-
söker elevers lärande när de tillsammans söker, granskar och diskuterar häl-
sorelaterad information på internet, och vidare hur detta kan utvecklas i natur-
vetenskaplig undervisning.  
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7.2 Teoretiskt angreppssätt till kritisk granskning och 
lärande 

I den här avhandlingen tar jag teoretisk utgångspunkt i filosofen Martha Nuss-
baums bidrag till ramverket the capabilities approach/förmågemodellen 
[svensk översättning av Carlgren, 2016] för att utvidga innebörder av kritisk 
granskning, och hur dessa kan utvecklas i naturvetenskaplig undervisning. The 
capabilities approach/förmågemodellen grundades av ekonomen Amartya 
Sen (1985, 1989, 1999) som alternativt mått på välfärd, och har därefter ut-
vecklats av Nussbaum (2011) som ett perspektiv på livskvalitet och social rätt-
visa i en föränderlig och globaliserad värld. Ramverket erbjuder en teoretisk 
förståelse och definition av förmågor [capabilities på engelska] i termer av 
människors frihet att välja sätt att göra och vara i världen (Nussbaum, 2011 s. 
20). Med utgångspunkt i the capabilities approach, som översatts som förmå-
gemodellen av Carlgren (2016), ges förmågebegreppet i den här avhandlingen 
en specifik teoretisk betydelse till skillnad från hur termen förmåga används i 
i skolans styrdokument som läro-, ämnes- och kursplaner (se även Carlgren, 
2016).  

En bärande idé inom the capabilities approach/förmågemodellen är att det 
är viktigt att särskilja förmågor från funktioner (functionings på engelska, 
svensk översättning av Carlgren, 2016). Förmågor har ett egenvärde och re-
presenterar alltså människors frihet att välja sätt att göra och vara, medan 
funktioner representerar faktiska/realiserade sätt att göra och vara i världen. 
Genom att särskilja förmågor från funktioner erbjuder ramverket teoretiska 
verktyg för att synliggöra vilka möjligheter som människor har att göra och 
vara i världen, och huruvida dessa kan möjliga sätt går att förstå som uttryck 
av fria val. Enligt Nussbaum (2011) kan målen för en medborgarbildande 
undervisning som tar sikte mot att utveckla funktioner, förstås som att forma 
en särskild sorts medborgare, som agerar på förordat vis. Enligt Nussbaum bör 
en medborgarbildande undervisning istället ta sikte mot att utveckla förmågor, 
det vill säga att utvidga elevernas repertoar av möjliga sätt att handla och vara 
i demokratiska, mångkulturella samhällen.  

Med utgångspunkt i the capabilities approach/förmågemodellen skriver 
Nussbaum (1997, s. 9) fram en vision om målen för en medborgarbildande 
utbildning, artikulerat som världsmedborgarskap (world citizenship på eng-
elska, svensk översättning av Bergström, 2000)13. Visionen har sina filoso-
fiska rötter i den kritiska tradition som kan härledas till Sokrates och Stoi-
kerna, och idealet om att leva ett rannsakat liv (an examined life på engelska, 

                                                   
13 Ett annat av Nussbaums tongivande bidrag till the capabilities approach/förmågemodellen 
är en konkretisering av innebörder av social rättvisa, uttryckta i termer av tio centrala förmågor 
[central capabilities på engelska] som hon menar utgör ett minimum för ett värdigt mänskligt 
liv (2011, s. 33-34). Enligt Nussbaum bör alla människor erbjudas möjligheter att utveckla 
dessa centrala förmågor. 
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svensk översättning av Fredlund, 2011). Enligt Nussbaum (1997) behöver en 
undervisning för världmedborgarskap erbjuda elever möjligheter att kritiskt 
ifrågasätta (snarare än internalisera) samhälleliga traditioner, normer, förgi-
vettaganden och auktoritära röster i mötet med publika frågor. Vidare behöver 
utbildningen öppna upp för att elever ska få utforska sig själva som del av en 
större mänsklighet, och inte bara som deltagare i lokala sammanhang. Nuss-
baum framhåller också betydelsen av att elever får delta i en undervisning där 
de ges förutsättningar att sätta sig in i andra människors perspektiv, livsvillkor, 
önskningar och mål i mötet med det som är annorlunda. Genom en process 
som Nussbaum (1997, s. 87) kallar narrative imagination [empati och inlevel-
seförmåga på svenska, översatt av Bergström, 2000] kan vi ställa oss i någon 
annans skor, och därigenom utveckla omsorg för andra runt om i världen. 
Sammanfattningsvis kan Nussbaums vision om ett världsmedborgarskap för-
stås som ett medborgarskap som griper in i det pågående samhällets relation 
till det förflutna och förväntan på framtiden.  

I den här avhandlingen utgår jag också från sociokulturella teorier om lä-
rande för att förstå och formulera hur elevers kritiska granskning av publika 
frågor kommer till uttryck i olika undervisningspraktiker, och i relation till 
olika uppgifter och stödstrukturer. En grundläggande premiss inom sociokul-
turella teorier är att lärande går att studera som deltagande i social praktiker 
(Lave & Wenger). Genom sociokulturella teoretiska utgångspunkter blir det 
möjligt att förstå lärande som situerat (kontextberoende), och elevernas delta-
gande i situerade praktiker som  medierat av olika verktyg, exempelvis upp-
giftsinstruktioner och internet (Säljö, 1999, 2010). I den här avhandlingen stu-
derar jag elevernas deltagande i kritisk granskning som inbäddat i naturveten-
skapliga undervisningspraktiker, där normer, värderingar och traditioner får 
betydelse för vilka syften som konstitueras elevernas samtal, och därmed 
också påverkar vad som blir möjligt att lära. Det innebär att jag närmat mig 
det empiriska materialet utifrån ett grundantagande om att eleverna engagerar 
sig i kritisk granskning på sätt som blir relevanta och lämpliga i just det under-
visningssammanhang som de befinner sig i. Eleverna orienterar sina aktivite-
ter mot de explicita och implicita förväntningar, värderingar och "sätt att göra 
och vara" som redan är etablerade i deras klassrum. Det kan exempelvis 
handla om hur eleverna tolkar begreppet trovärdighet när de söker och grans-
kar information som del av en skoluppgift i biologi, eller vilka perspektiv på 
publika frågor som eleverna uppfattar borde lyftas som del i en uppgift i na-
turkunskap.  

Syfte och övergripande frågeställningar  
Den här avhandlingen syftar till att vidga och nyansera förståelsen av elevers 
kritiska granskning av publika frågor i naturvetenskaplig undervisning med 
hjälp av Nussbaums version av the capabilities approach/förmågemodellen 
och framskrivning av världsmedborgarskap i naturvetenskaplig undervisning 
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för att analysera elevers deltagande i kritisk granskning av publika frågor som 
berör hälsa. I den här avhandlingen fokuserar två övergripande forskninsgfrå-
gor: 
 
• Vad kännetecknar gymnasieelevers deltagande i kritisk granskning av pub-

lika frågor i naturvetenskaplig undervisning utifrån ett perspektiv på the 
capabilities approach/förmågemodellen?   

 
• Hur kan naturvetenskaplig undervisning erbjuda elever möjligheter att 

praktisera världsmedborgarskap genom att delta i kritisk granskning av 
publika frågor i media? 

 

De två övergripande forskningsfrågorna adresseras i Artiklarna I-III, vilka är 
teoretiskt grundade i Nussbaums ramverk. I Artikel IV presenterar jag, till-
sammans med ytterligare två ämnesdidaktiska forskare, ett reflektionsredskap 
för en etisk reflektion i praktiknära utbildningsforskning där verksamma lärare 
och forskare samarbetar i olika konstellationer.   

7.3 Metodologi 
De två övergripande forskningsfrågorna är undersökta i två empiriska forsk-
ningsprojekt, Projekt I och Projekt II. Båda projekten är situerade i kontexten 
av naturvetenskaplig undervisning och har genomförts i nära samarbete med 
erfarna lärare som undervisar i biologi och naturvetenskap i den svenska gym-
nasieskolan, och deras elever. Designbaserad forskning har kommit att bli allt 
vanligare inom utbildningsforskning, och motiveras ofta utifrån möjligheterna 
att stärka forskningens relevans för att utveckla skolans verksamhet, såväl som 
att bidra till ett teoretiskt kunskapsbygge (Andersson & Shattuck, 2012). I en-
lighet med designbaserad forskningsmetodologi utgår de båda forskningspro-
jekten utifrån de behov av att utveckla kunskaper om undervisning och lärande 
som identifierats av de deltagande lärarna, såväl som i tidigare forskning (jfr 
The Design-Based Research Collective, 2003). De båda forskningsprojekten 
har genomförts tillsammans med de deltagande lärarna i cykliska processer av 
design, implementering och analys/utvärdering av undervisningssekvenser 
med syfte att utveckla elevers deltagande i kritisk granskning av publika frå-
gor.  

Projekt I 
Det första projektet genomfördes mellan 2013-2015 som ett tvåårigt forsk-
ningssamarbete mellan mig och två av mina lärarkollegor på den kommunala 
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gymnasieskola där vi alla tre undervisade i biologi vid tiden för genomföran-
det. Totalt deltog 128 gymnasieelever i åldern 16-17 år från naturvetenskaps-
programmet. I en lektionssekvens om åtta lektioner bjöds de deltagande ele-
verna in att, i grupper om tre till sex elever, tillsammans söka och kritiskt 
granska hälsoinformation på internet (exempelvis om mental hälsa, cancer, 
sexuellt överförbara sjukdomar och stress). Under arbetet med att söka och 
granska källor fick eleverna efter ett par lektioner tillgång till en checklista för 
källkritik som utarbetats av läkare i syfte att stödja patienters informations-
sökning i hälsofrågor (Weber mfl., 2009). I ett efterföljande steg använde elev-
grupperna informationen som utgångspunkt för att formulera och presentera 
hälsoetiska dilemman, vilka därefter diskuterades i chattrum med klasskamra-
ter och ungdomar utanför skolan.  

Projekt II 
Det andra projektet genomfördes 2015-2016 i nära samarbete med en univer-
sitetsbaserad forskarkollega och fem naturkunskapslärare från fem olika gym-
nasieskolor i Sverige. De deltagande skolorna representerar en bredd avseende 
programinriktningar och geografisk- och socioekonomisk spridning. Sam-
manlagt deltog 130 gymnasieelever i åldern 16-17 år från studie- och yrkes-
förberedande program. I en lektionssekvens om tre lektioner engagerades 
grupper om tre till sex  elever i att söka och granska information om mjölk 
och havremjölk på internet. I ett efterföljande steg använde elevgrupperna in-
formationen som utgångspunkt för en utforskande diskussion där syftet var att 
jämföra de båda mjölkdryckerna utifrån perspektiv på hållbarhet.  

I båda forskningsprojekten har Vetenskapsrådets (2017) riktlinjer för god 
forskning beaktats, vilket bland annat inneburit att deltagande vilat på elevers 
och lärares informerade samtycke, anonymitet och rätt att närsomhelst avbryta 
sitt deltagande. 

Empiriskt material och databearbetning 
Det empiriska materialet består av videofilmer från ett urval av elevgrupper 
då de tillsammans sökt och kritiskt granskat information om olika specifika 
hälsofrågor (Projekt I) samt konsumtion av mjölk och havremjölk (Projekt II) 
på internet. Den första cykeln i Projekt I spelades enbart in med hjälp av dik-
tafoner. Det inspelade materialet har transkriberats ordagrant och därefter ana-
lyserats genom kvalitativ innehållsanalys (Graneheim & Lundman, 2004; 
Graneheim et al., 2017). Innehållsanalysen gjorde det möjligt att formulera 
innehållsliga dimensioner av elevernas samtal, det vill säga vad som blir före-
mål för elevernas kritiska granskning, formulerade som innehållsliga katego-
rier. Vidare öppnade analysmetoden upp för att utifrån Nussbaums teoretiska 
förståelse av förmågor och världsmedborgarskap, tolka och formulera en te-
matik i relation till hur eleverna deltar i kritisk granskning av publika frågor.  
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7.4 Sammanfattning av artiklarna 
I det kommande sammanfattas avhandlingens ingående artiklar med fokus på 
de frågor som ställts och de huvudsakliga resultaten. I Artikel I presenteras 
resultat som genererades i Projekt I. I Artikel II och Artikel III presenteras 
resultat som genererades i Projekt II. Artikel IV bidrar med en diskussion om 
etiska överväganden som kommit att aktualiseras i praktiknära utbildnings-
forskning där lärare och forskare samarbetar för att utveckla naturvetenskaplig 
undervisning.  

Artikel I 
Genom internet har motstridiga argument, teknisk information och en mång-
fald av röster om hälsorelaterade frågor kommit att bli tillgängligt för en bre-
dare allmänhet. Å ena sidan öppnar internet upp för medborgare att självstän-
digt hantera frågor som berör hälsa, och å andra sidan utmanas förmågan att 
förhålla sig kritisk till den information som finns tillgänglig. Undervisningen 
i biologi spelar en viktig roll för att ge elever möjligheter att kritiskt granska 
frågor som berör hälsa och livsstil. Den här artikeln syftar till att studera hur  
förutsättningar för elever att utveckla förmågan till kritisk granskning av häl-
soinformation på internet kan skapas i naturvetenskaplig undervisning. Med 
utgångspunkt i the capabilities approach/förmågemodellen undersöks frå-
gorna: (1) Hur kommer förmågan till kritisk granskning till uttryck i elevers 
möten med motstridig hälsoinformation på internet i kontexten av naturveten-
skaplig undervisning? och (2) Hur kan ett källkritiskt verktyg bidra till att kva-
lificera elevers förmåga till kritisk granskning i kontexten av naturvetenskap-
lig undervisning? Artikeln belyser att eleverna identifierade och använde i 
princip lika många,  och samma typ av källkritiska frågor, oavsett om de hade 
tillgång till det källkritiska verktyget eller inte. Utan verktyget diskuterade 
eleverna tillsammans potentiella innebörder av begreppet trovärdighet. Upp-
fattningar om vad som utgör trovärdighet sattes i relation till hälsofrågornas 
komplexa karaktär och elevernas egna syften med att söka information. Med 
det följde att eleverna använde sig av en bredd av källor, och även inkluderade 
människors erfarenheter och personliga upplevelser av hälsofrågor (exempel-
vis i bloggar och wikis). Med tillgång till det källkritiska verktyget tog sig mer 
tid att granska varje enskild källa på ett strukturerat sätt. Med verktyget till 
hands riktade eleverna sin informationssökning mot att identifiera vetenskap-
ligt grundad fakta i hälsofrågor. Sammanfattningsvis visar studien att kritisk 
granskning innefattar, men kan inte reduceras till, användandet av checklistor 
med på förhand givna frågor för källkritik. För att utveckla förmågan till kri-
tisk granskning i naturvetenskaplig undervisning är det angeläget att elever 
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bjuds in att tillsammans diskutera och reflektera över innebörder av trovärdig-
het, samt att gemensamt utforska hur olika perspektiv kan komma att bli rele-
vanta för att möta och skapa mening i komplexa publika frågor.   

Artikel II 
En betydande del av den naturvetenskapliga forskning som presenteras av ve-
tenskapsjournalister i nyhetsmedia är vald utifrån nyhetsvärde. Det medför att 
den naturvetenskap som görs tillgänglig i nyhetsmedia tenderar att vara kon-
troversiell, uppseendeväckande och representerar sällan den etablerade kun-
skapsbasen inom det aktuella området. Givet det stora inflytande och genom-
slagskraft som nyhetsmedia har i publika frågor, spelar naturvetenskaplig 
undervisning en viktig roll i att stärka elevers förmåga att granska naturveten-
skap i media. Den här artikeln syftar till att utveckla innebörder av elevers 
förmåga till kritisk granskning av kontroversiella mediala budskap om nutrit-
ion i kontexten av naturvetenskaplig undervisning. I artikeln används Nuss-
baums uttolkning av ett rannsakat liv för att artikulera kvalitativa innebörder 
av elevers kritiska granskning av en kontroversiell artikel om mjölk, som pub-
licerades i public service nyhetsrapportering. De frågor som undersöks är: (1) 
Vad urskiljer elever som relevanta fokus för kritisk granskning av alarmerande 
forskningsresultat om nutrition och hälsa i public service nyhetsmedia? och 
(2) Hur kan elevers möten med alarmerande nyheter om nutrition och hälsa 
bidra till utveckling av elevers deltagande i kritisk granskning i linje med ett 
rannsakat liv (vilket inkluderar ifrågasättande av egna och andras förhåll-
ningssätt och vanor samt en vilja att ompröva förhållningssätt och vanor)? Ar-
tikeln belyser att eleverna i mötet med kontroversiell forskning, finner det re-
levant att kritiskt granska hur forskningsresultaten är producerade, hur de rap-
porteras om i nyhetsmedia och vilka konsekvenser forskningsresultaten kan få 
i människors liv. Eleverna undersökte en rad etablerade kvalitetsmarkörer för 
nutritionsforskning, däribland dos-respons-förhållandet och de fysiologiska 
mekanismer som pekades ut som relevanta i nyhetsrapporteringen. I relation 
till den mediala granskningen undersökte eleverna hur innebörder av objekti-
vitet och bias kan påverka nyhetsrapportering. Analysen ger exempel på hur 
Nussbaums teoretiska ramverk kan bidra till att artikulera kvaliteter i elever-
nas samtal som relaterar till hur eleverna ifrågasatte sitt eget förhållande till 
mjölk, och identifierade och kritiskt ifrågasatte normer kring mjölkkonsumt-
ion i det svenska samhället. Sammanfattningsvis visar studien hur eleversmö-
ten med kontroversiell forskning kan generera möjligheter för elever att delta 
i kritisk granskning av epistemologiska frågor i naturvetenskaplig undervis-
ning. Bland annat genom elevernas samtal öppnade upp för att belysa natur-
vetenskaplig kunskap som inbäddad i sociala, kulturella och historiska prakti-
ker.  
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Artikel III 
Många av de publika frågor som diskuteras i media, exempelvis i relation till 
livsstilsval och hälsa är komplexa och utan enkla svar. Samtidigt som natur-
vetenskaplig landvinningar betraktas både som en del av problemet och lös-
ningarna, har moraliska överväganden, erfarenheter och människor runt om-
kring oss stor betydelse för hur vi förhåller oss till publika frågor. Det finns 
forskning som pekar på betydelsen av att i naturvetenskaplig undervisning 
skapa förutsättningar för elever att utforska frågor som väcker känslomässigt 
engagemang, och som bjuder in till att synliggöra och överväga de moraliska 
ställningstaganden som ligger till grund för olika livsstilsval. Den här artikeln 
syftar till att undersöka hur Nussbaums begrepp världsmedborgarskap kan bi-
dra till en vidgad förståelse av kritisk granskning i naturvetenskaplig under-
visning. De frågor som undersöks är: (1) Vilka undersökande frågor adresse-
ras i gymnasieelevers utforskande av mjölk och havremjölk från hållbarhets-
perspektiv i naturvetenskaplig undervisning? och (2) Hur kan utforskandet av 
mjölk och havremjölk från hållbarhetsperspektiv bidra till utvecklingen av 
världsmedborgarskap hos gymnasieelever (i bemärkelsen kritisk granskning 
av sig själv och sina egna traditioner men också förmåga att se sig själv som 
del av en större mänsklighet, samt förmåga till empati och inlevelseförmåga)?  
Artikelns resultat visar att eleverna adresserade en bredd av undersökande frå-
gor, som sammantaget bidrog till att eleverna kunde problematisera mjölk-
dryckernas hållbarhet utifrån perspektiv såsom hälsa, miljö, ekonomi, etik, 
djurrätt och matkultur. Begreppet världsmedborgarskap bidrog till att artiku-
lera kvaliteter i elevernas kritiska granskning som relaterar till hur eleverna 
intog ett normkritiskt perspektiv till mjölkkonsumtion. Eleverna diskuterade 
hur normer kring mjölkkonsumtion skapas och upprätthålls genom auktoritära 
röster i samhället, såsom media, skola, familjeliv, industri och naturvetenskap-
lig forskning. Artikeln visar också hur eleverna reflekterar över mjölkens be-
tydelse för andra människor runt om i världen, och vilka konsekvenser som 
förändrade dryckesval skulle kunna få i människors liv, nu och i framtiden. 
Sammanfattningsvis ger artikeln exempel på hur kritisk granskning i naturve-
tenskaplig undervisning kan bidra till att eleverna når bortom sina egna vär-
deringar och föreställningar om vad som är “sant eller falskt” i en fråga. Sna-
rare än att söka och argumentera för ett rätt sätt (vilket ofta är fallet i naturve-
tenskpalig undervisning som genomförs i form av debatter där eleverna ska 
argumentera utifrån givna ståndpunkter), kunde eleverna i den genomförda 
undervisningen utforska olika sätt att göra och vara etiskt i en mångkulturell 
värld.   
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Artikel IV 
I takt med att praktiknära utbildningsforskning där lärare och forskare samar-
betar blivit allt vanligare, har det också uppstått etiska utmaningar angående 
relationerna deltagarna emellan. Olika typer av praktiknära forskning bygger 
på olika typer av relationer och samarbeten mellan elever, lärare och forskare. 
Forskning är i inbäddad i sociala praktiker som behöver förstås i relation till  
beroendeförhållanden och lojalitet deltagarna emellan. Det innebär att ris-
kerna, eller de värden som står på spel, för att delta i ett forskningsprojekt 
kommer att se olika ut för olika deltagare. Tidigare forskning belyser att såväl 
ontologiska som epistemologiska och metodologiska värden står på spel i 
praktiknära forskning. Ontologiska åtaganden i praktiknära forskning innefat-
tar att etablera en demokratisk och jämlik värdegrund utifrån insikten som att 
forskning som influerar andra människors lärande innebär ett ansvar. Episte-
mologiska åtganden har att göra med vad som anses vara värdefull kunskap 
och kunskapsproduktion, och metodologiska åtaganden handlar om hur forsk-
ningen bedrivs. Som ett svar på detta har det i tidigare forskning föreslagits 
att samarbeten mellan lärare och forskare bör vila på en så kallad symmetri-
princip (Sensevy m. fl., 2013). Symmetriprincipen pekar mot lärares och fors-
kares gemensamma ansvar och inflytande genom hela forskninsgprocessen, 
både i det teoretiska och praktiska arbetet. Den här artikeln motiveras av ett 
upplevt behov att utvidga de gängse, etablerade etiska övervägandena inom 
utbildningsforskning för att bättre möta de etiska utmaningar som kan komma 
att aktualiseras när lärare och forskare samarbetar. Syftet är att belysa några 
av de etiska utmaningar som uppstått i tre praktiknära forskningsprojekt där 
lärare och ämnesdidaktiska forskare samarbetat för att utveckla naturveten-
skaplig undervisning. I det första projektet samarbetade två universitetsbase-
rade forskare med en grundskollärare som undervisade i naturvetenskap. I pro-
jektet uppstod utmaningar i relation till inkludering, dels utifrån forskarnas 
deltagande i skolpraktiken, dels utifrån lärarens deltagande i forskningen/den 
kunskapsproducerande praktiken. Det andra projektet är grundat i erfarenheter 
från genomförandet av Projekt II i den här avhandlingen, där jag fungerade 
som forskande lärare för att i samarbete med två skolbaserade kollegor ut-
veckla vår gemensamma undervisningspraktik i biologi på gymnasiet. Här 
uppstod utmaningar i relation till skillnader i kunskapssyn och lärarnas delta-
gande i det teoretiska kunskapsarbetet. Det tredje projektet bygger på en studie 
av gymnasieskolans kemiundervisning och illusterar utmaningar som kan 
uppstå när en lärare beforskar sin egen praktik. I det att lärarens och forskarens 
roll blandades samman, uppstod utmaningar avseende motsättningar mellan 
forskningens och undervisningens mål. Sammantaget visar de tre empiriska 
studierna på förskjutningar och diskrepanser i relation till lärares och forskares 
roller, ansvar, inflytande och syften i praktiknära forskning. Som ett komple-
ment till etablerade etiska överväganden i utbildningsforskning bidrar artikeln 
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med ett reflektionsredskap för en etisk reflektion i praktiknära utbildnings-
forskning. Reflektionsredskapet pekar mot det angelägna i att inkludera re-
flektion över hierakier, roller, värden, risker, syften och ansvar i den forsk-
ningsetiska reflektionen när lärare och forskare samarbetar i olika konstellat-
ioner.   

7.5 Avslutande kommentarer 
I introduktionen till den här avhandlingen argumenterar jag för det angelägna 
i att undersöka elevers lärande när de tillsammans söker, granskar och disku-
terar information om publika frågor på internet, och vidare hur elevernas för-
måga till kritisk granskning kan utvecklas i naturvetenskaplig undervisning. I 
den avslutande diskussionen problematiserar jag avhandlingens syfte och de 
två övergripande forskingsfrågorna utifrån de ingående artiklarnas huvudsak-
liga resultat. Genom att situera det teoretiska ramverket the capabilities ap-
proach/förmågemodellen i naturvetenskaplig undervisning, bidrar den här av-
handlingen till att expandera och nyansera förståelsen av hur kritisk gransk-
ning kan komma till uttryck i elevers gemensamma utforskande av frågor som 
berör hälsa på internet. Sammantaget belyser artiklarna I-III att kritisk gransk-
ning av publika frågor relaterade till naturvetenskap innefattar, men inte kan 
begränsas till en fråga om källkritik. När de frågor som eleverna möter är kom-
plexa, och naturvetenskapen inte kan erbjuda enkla och otvetydiga svar, blir 
det särskilt betydelsefullt att bjuda in och stödja elever att utforska motstridig-
heter och olika perspektiv i frågan. På många sätt handlar det om att eleverna 
tillsammans ska få möjligheter att göra de publika frågorna till sina samt re-
flektera över och ifrågasätta egna såväl som samhälleliga normer, värderingar 
och auktoritära röster.  

Den här avhandlingen visar att elevers möte med kontroversiella och mot-
stridiga forskningsresultat i media, erbjuder möjligheter att bjuda in elever till 
ett arbete med epistemologi och naturvetenskapens karaktär i den naturveten-
skapliga undervisningen. När forskning pekar i olika riktning utmanas bilden 
av naturvetenskap som enkla och oföränderliga fakta, vilket skapar möjlig-
heter att utforska naturvetenskap som kontingent och socialt konstruerad. Den 
här avhandlingen erbjuder exempel på hur elevers deltagande i en sådan kri-
tisk granskning av epistemologiska dimensioner av naturvetenskap också kan 
bli incitament för elever att utforska det personligt och samhälleligt förgivet-
tagna i frågor som berör naturvetenskap. De undervisningsexempel som av-
handlingen baseras på pekar mot det till synes paradoxala i att när de naturve-
tenskapliga praktikernas teknikaliteter görs tillgängliga för eleverna, kan möj-
ligheter uppstå som också kan göra naturvetenskapen personligt relevant.  

Med utgångspunkt i Nussbaums teoretiska ramverk kan skolans medbor-
gerliga syften att förstås utifrån varje människas rätt att få delta i de samman-
hang där omvärldsfrågor gemensamt prövas, förhandlas och ges mening. En 
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sådan utgångspunkt blir svår att förena med tanken om att skolan ska fostra 
elever till att agera på särskilda sätt. Istället framträder betydelsen av att i den 
naturvetenskapliga undervisningen möjliggöra och kvalificera elevers delta-
gande i samhälleliga engagemang och diskussioner om frågor som berör. I 
mötet med komplexa och värdeladdade frågor som relaterar till livsstil och 
hållbarhet blir en förståelse av kritisk granskning som ett särskiljande av fakta 
från påstående och dekonstruktion av andras argument alltför snäv. Den här 
avhandlingen belyser den naturvetenskapliga undervisningens potential att bi-
dra till världsmedborgarskap genom att erbjuda elever möjligheter att kritiskt 
granska sina och samhällets normer, traditioner och värden i mötet med pub-
lika frågor.  
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