Teaching and Learning about
Infectious Diseases in the

Aftermath of COVID-19

Anna-Clara Ronner

Faculty of Health, Science and Technology

Biology

DOCTORAL THESIS | Karlstad University Studies | 2025:40




Teaching and Learning about
Infectious Diseases 1n the

Aftermath of COVID-19

Anna-Clara Ronner

° -:'o..'_.c,.'o.. 009009050
HOGSKOLAN VAST

DOCTORAL THESIS | Karlstad University Studies | 2025:40




Teaching and Learning about Infectious Diseases in the Aftermath of COVID-19

Anna-Clara Ronner

DOCTORAL THESIS

Karlstad University Studies | 2025:40

urn:nbn:se:kau:diva-107275

ISSN 1403-8099

ISBN 978-91-7867-622-4 (print)

ISBN 978-91-7867-623-1 (pdf)

https://doi.org/10.59217/uupv1149

©The author

Distribution:

Karlstad University

Faculty of Health, Science and Technology
Department of Environmental and Life Sciences
SE-651 88 Karlstad, Sweden

+46 54 700 10 00

Print: Universitetstryckeriet, Karlstad 2025

WWW.KAU.SE



ABSTRACT

The COVID-19 pandemic profoundly affected children’s everyday ex-
periences in schools worldwide. As future outbreaks are inevitable, it is
essential to understand how teaching and learning about infectious dis-
eases was shaped by the COVID-19 pandemic, in order to develop biol-
ogy education to meet the needs for future epidemic-prone diseases.
This thesis investigates how knowledge about infectious diseases is
transformed from sources external to the school system into knowledge
presented and understood in Swedish middle school classrooms. The
overarching research question is: How is the portrayal of knowledge
about infectious diseases reflected in biology textbooks, teachers’
practices, and pupils’ understanding in the aftermath of COVID-19?
The thesis comprises four empirical studies, each examining a distinct
stage in this transformation of knowledge, from academic and societal
domains to what is actually taught and learned. The findings are inter-
preted through contagion literacy, a framework outlining the compe-
tencies expected of health-literate citizens and related to the concept of
powerful knowledge. A comparative textbook analysis (Paper I) of edi-
tions published before and after the pandemic reveals that representa-
tions of infectious diseases remained largely unchanged, with an em-
phasis on functional health literacy describing content knowledge ra-
ther than how to act upon this knowledge. In practice, teaching during
the pandemic was shaped by pupil-initiated, question-driven discus-
sions about current events, rather than by an expansion of the planned
biology curriculum (Paper II). Studies of pupils’ understanding (Papers
IIT and IV) show that while COVID-19 influenced their thinking, their
conceptual grasp of infectious diseases and microorganisms remained
limited and often based on informal sources such as the media and the
internet, rather than formal biology education. The thesis argues for
the deliberate integration of contagion literacy into science education
with the addition of the host and its immune response as new aspects.
Such knowledge constitutes potential powerful knowledge, essential
for preparing pupils to navigate future public health challenges and
pandemics as critically engaged citizens.



SAMMANFATTNING

COVID-19-pandemin paverkade barns vardag i skolor viarlden 6ver och
tydliggjorde den avgorande betydelsen av infektionssjukdomar. Ef-
tersom framtida pandemiutbrott 4r oundvikliga ar det viktigt att forsta
hur undervisning och larande om infektionssjukdomar formades av
COVID-19-pandemin, i syfte att utveckla en biologiundervisning som
bygger pa denna forstaelse. Denna avhandling undersoker hur kunskap
om infektionssjukdomar transformeras fran kallor utanfor skolsyste-
met till den kunskap som presenteras och forstas i svenska klassrum pa
mellanstadiet. Den overgripande forskningsfragan lyder: Hur dter-
speglas framstdallningen av infektionssjukdomar i biologildarobocker,
ldrares undervisning och 10—12-driga elevers forstdelse i efterdy-
ningarna av COVID-19? Avhandlingen omfattar fyra empiriska delstu-
dier som belyser olika steg i denna kunskapstransformation fran aka-
demiska och samhalleliga domaner till vad som faktiskt undervisas och
forstas av elever. Resultaten tolkas genom begreppet contagion lite-
racy, ett ramverk som beskriver den kunskap och de kompetenser som
forvantas av halsokunniga medborgare, samt i relation till begreppet
kraftfull kunskap. En jamforande laromedelsanalys (I) av utgavor fore
och efter pandemin visar att framstallningen av infektionssjukdomar i
stort sett forblivit oforandrad, med fokus pa biologiska begrepp snarare
an hur man kan agera utifrdn sin kunskap. I praktiken praglades
undervisningen under pandemin av elevinitierade, fragedrivna dis-
kussioner om aktuella samhallshandelser, snarare dn av en utvidgning
av den planerade biologiundervisningen (II). Studier av elevers forsta-
else (ITI-IV) visar att coronaviruset och pandemin har en framtradande
plats i deras forestillningar, men att deras begreppsliga forstaelse av
infektionssjukdomar och mikroorganismer ar begriansad. Eleverna
hamtade ofta sin kunskap fran informella kallor sdsom medier och in-
ternet, snarare an fran skolans biologiundervisning. Avhandlingen ar-
gumenterar for en medveten integrering av contagion literacy i natur-
vetenskapsundervisningen med ett tilligg av ett vard-perspektiv dar
immunsvaret inkluderas. Denna kunskap utgor en potentiellt kraftfull
kunskap som ar avgorande for att forbereda elever att mota framtida
folkhalsoutmaningar och pandemier som kritiskt engagerade medbor-
gare.
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Foreword

This thesis, “Teaching and learning about infectious diseases in the af-
termath of COVID-19” is a product of my work as a member of the
KAKK graduate school (2020), a collaboration between Karlstad Uni-
versity, Halmstad University and University West aimed at teacher ed-
ucators. The graduate school is funded by a project grant from the Swe-
dish Research Council (ref. 2019-04419). KAKK’s ambition is to
strengthen the scientific underpinnings of teacher education by honing
teacher educators’ and teachers’ basic competence in and understand-
ing of how subject knowledge can be transformed into teaching con-
tent. The aim of the graduate school is to promote the theoretical de-
velopment of primary and secondary teacher education in Sweden and
internationally via a practice-oriented approach focused on powerful
knowledge and how different aspects of subject transformation can oc-
cur within different school subjects and stages of education.



Preface

Through my participation in the graduate school “Knowledge, Subjects
and Quality in Teacher Education and Classroom” (KAKK), I have had
the opportunity to investigate how infectious diseases are taught and
understood in the aftermath of the COVID-19 pandemic. The timing of
the pandemic coincided with my admission to the graduate school,
making it a natural and timely focus for my research. This context pro-
vided a unique opportunity to examine educational responses to infec-
tious disease both during and in the aftermath of the pandemic. This
thesis aims to contribute to a deeper understanding of how infectious
diseases are addressed within biology education, with a primary em-
phasis on middle school and additional insights into lower secondary
education.
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1. Introduction

The COVID-19 pandemic profoundly disrupted societies worldwide,
with schools emerging as central arenas where the effects of the crisis
were acutely experienced. The pandemic underscored the critical im-
portance of knowledge concerning pathogenic microorganisms, hy-
giene, and infectious diseases, not only for public health management
but also for science education. In this context, Sweden presents a par-
ticularly compelling case. Unlike many countries that implemented
strict lockdowns and school closures, Sweden adopted a comparatively
lenient approach, relying on voluntary compliance and individual re-
sponsibility (Haverty, 2021). Middle schools remained open through-
out the pandemic, except during severe local outbreaks. This continuity
of schooling created a unique opportunity to examine how biology ed-
ucation adapted in real time to an unfolding global health crisis.

Although the teaching of infectious diseases is a mandated component
of the Swedish biology curriculum, it has historically received limited
attention in both classroom practice and educational research world-
wide (Jones & Rua, 2006; Byrne & Grace, 2018). As early as 2008,
Jones emphasised the need for comprehensive public education on in-
fectious diseases, while Byrne (2011) argued that pupils should be well
informed about these aspects of science. More recently, Byrne, Marston
and Grace (2021) and Simard (2021) have noted that the pandemic
brought both opportunities and challenges for biology education. On
the one hand, the crisis heightened public interest in microbiology and
health-related topics, offering authentic contexts for learning. On the
other hand, teachers were tasked with navigating rapidly evolving in-
formation, implementing new hygiene routines, and addressing pupils’
questions and concerns, all while maintaining curricular coherence.

In light of these developments, it becomes essential to understand how
knowledge about infectious diseases is shaped within the educational
system. Did the real-time experience of a pandemic trigger shifts in the
content and methods of biology teaching? Were textbooks and teaching
materials revised to reflect the new societal context? How did pupils
make sense of microorganisms and disease in light of their lived
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experiences and media exposure? These questions are particularly sa-
lient in middle school settings, where pupils are developmentally posi-
tioned to engage with both scientific and socio-scientific aspects of
health and disease.

This thesis investigates the transformation of knowledge about infec-
tious diseases as it moves from societal and academic domains into the
classroom. Transformation refers to the reconstructing of subject-spe-
cific knowledge into content that is both meaningful and accessible to
pupils (Gericke, Hudson, Olin-Scheller & Stolare, 2018). The thesis
comprises four empirical studies, each examining a distinct stage in
this transformation process, from academic and societal knowledge do-
mains to what is actually taught and learned in school. Paper I presents
a comparative analysis of biology textbooks published before and after
the pandemic. Paper II investigates how middle school teachers ap-
proached the teaching of infectious diseases during the pandemic. Pa-
pers III and IV explore pupils’ understanding of infectious diseases,
bacteria, and viruses in the aftermath of the COVID-19 pandemic.

The findings are interpreted through contagion literacy (Kilstadius &
Gericke, 2017) and related to the concept of powerful knowledge
(Young, 2008). Powerful knowledge refers to systematic, specialised,
and conceptually coherent disciplinary knowledge that enables pupils
to transcend their everyday experiences and engage with the world in
more informed and critical ways (Young, 2008). By analysing how this
knowledge is selected, reshaped, and communicated in the school con-
text, the thesis contributes to broader discussions about the role of sci-
ence education in providing pupils to navigate complex public health
challenges as critically engaged citizens.

13



2. Aim and research questions

This thesis investigates how knowledge about infectious diseases is
transformed from sources external to the school system into knowledge
that is taught and understood in Swedish middle school classrooms. In
this context, transformation refers to the process of reconstructing
subject-specific knowledge into content that is both meaningful and ac-
cessible to pupils, while retaining its conceptual depth and disciplinary
integrity (Gericke et al., 2025). By investigating this transformation in
the aftermath of the COVID-19 pandemic, this thesis aims to explore
whether pupils are being educated in ways that foster comprehensive
understanding of infectious diseases (including their prevention and
treatment) or if there is a need to re-evaluate and transform curricular
content and pedagogical approaches to better prepare young people for
future public health challenges, such as future pandemics.

The overarching research question is: How is the portrayal of
knowledge about infectious diseases reflected in biology textbooks,
teachers’ practices, and pupils’ understanding in the aftermath of
COVID-19?

A central concern underpinning this inquiry is whether pupils are pro-
vided with the knowledge and understanding necessary to navigate
public health crises such as pandemics. This includes the development
of contagion literacy (Kilstadius & Gericke, 2017), a set of capabilities
that may be linked to powerful knowledge (Young, 2008). Such
knowledge encompasses scientific understanding of disease transmis-
sion, prevention strategies, and the broader societal implications of in-
fectious diseases.

The specific research questions addressed in this thesis are designated
[IA-1V, corresponding to the four empirical studies included (see List
of Papers). The first two studies each address two research questions,
while the final two focus on one question each.
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To what extent and how does the prevalence of contents support-
ing contagion literacy differ between biology textbook editions
published before and after the beginning of the COVID-19 pan-
demic (IA)?

How does COVID-19 appear in textbooks published after the
start of the pandemic (IB)?

What content themes and levels of health literacy from the con-
tagion literacy framework are emphasised by teachers when de-
scribing teaching about infectious diseases in the aftermath of
COVID-19 (ITA)?

What teaching approaches do teachers specify when describing
their teaching about infectious diseases in the aftermath of
COVID-19, and how do these approaches relate to the levels of
health literacy (IIB)?

How do middle school (10—12-year-old) pupils understand infec-
tious diseases and what are their perceived sources of knowledge

in the aftermath of COVID-19 (III)?

How do middle school pupils understand and reason about bac-
teria and viruses in the aftermath of COVID-19 (IV)?
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3. Literature review

3.1. Textbook representations of infectious diseases

In Sweden, biology textbooks are widely used to support the teaching
of infectious diseases, particularly in compulsory school settings.
Bohlin and Host (2015), for instance, underscored their role in ad-
dressing antibiotic resistance in secondary education. However, re-
search specifically examining how infectious diseases are represented
in biology textbooks at the compulsory school level remains limited.

Prior to the COVID-19 pandemic, studies by Byrne (2011) in England
and Jones and Rua (2006) in the United States explored how micro-
organisms were depicted in school textbooks. Byrne found that British
textbooks most frequently portrayed bacteria, while Jones and Rua ob-
served that American textbooks often included photographic images of
bacteriophages. While visually striking, the choice to include bacterio-
phages may be problematic in an educational context. Bacteriophages
are viruses that infect bacteria—not human cells—and are therefore not
responsible for human infectious diseases (Keen, 2012). Although bac-
teriophages are scientifically significant, having played a role in micro-
bial evolution and currently used in therapeutic medicine, food preser-
vation, aquaculture, and environmental remediation (Sharma et al.,
2017), their relevance to human infectious diseases is indirect. This is
because bacteriophages are used to treat bacterial infections when
other treatments, such as antibiotics, fail—unlike most viruses, which
are themselves pathogens. Without sufficient explanation, their inclu-
sion in school textbooks may lead to confusion, particularly among
younger pupils, who may struggle to distinguish between different
types of pathogens and their respective treatments (Jones & Rua,
2008). Even upper secondary students have been shown to have diffi-
culty differentiating between disease prevention and treatment (Bar-
enholz & Tamir, 1987).

A small but growing body of research has begun to examine textbook
representations of infectious diseases in the aftermath of the COVID-
19 pandemic. Studies conducted in Austria (Hoffer, Lex, & Simon,
2022), Greece (Ampatzidis & Armeni, 2024), and Indonesia (Fikri,
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Suwono & Susilo, 2024) have analysed biology textbooks aimed at up-
per secondary students. However, none of these studies directly inves-
tigated whether or how textbook content has changed over time in re-
sponse to the pandemic. Hoffer et al. (2022) reported that many text-
books fail to distinguish clearly between viruses and bacteria, explain
the non-living nature of viruses, or clarify that antibiotics are ineffec-
tive against viral infections.

Similarly, Fikri et al. (2024) found that pathogens are often discussed
regarding symptoms but are rarely explicitly linked to the infectious
diseases they cause. This lack of clarity risks obscuring the distinction
between symptoms and diseases, making it more difficult for pupils to
understand the clinical and epidemiological characteristics of condi-
tions such as COVID-19. Fikri et al. also noted frequent misrepresenta-
tions and overgeneralisations in Indonesian textbooks, what Hoffer et
al. (2022) describe as a lack of precision and scientific accuracy. Fur-
thermore, Hoffer et al. (2022) emphasised the need to strengthen vac-
cination-related content in textbooks, particularly in light of recent
outbreaks of preventable diseases such as measles. These outbreaks il-
lustrate how contemporary efforts to transform and communicate sci-
entific knowledge have, in this instance, failed to achieve their intended
impact, underscoring persistent gaps in public understanding and ed-
ucational practice.

Ampatzidis and Armeni (2024) examined Greek biology textbooks and
found that microorganisms are often portrayed negatively, a trend
linked to the impact of the COVID-19 pandemic and frequent mentions
of SARS-CoV-2. They call for a more balanced depiction that also draws
attention to the beneficial roles microorganisms play in human health.

In spite of these contributions, no existing studies have examined di-
rectly whether and how biology textbooks have revised their portrayals
of infectious diseases and pandemics in response to COVID-19. While
the literature stresses the importance of accurate distinctions between
infectious agents, comprehensive vaccination content, and attention to
pupils’ prior conceptions, it has yet to address how textbook narratives
may have evolved in response to a global health crisis marked by wide-
spread mortality and societal disruption.
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3.2. Teaching infectious diseases in compulsory schooling

Existing literature on the teaching of infectious diseases and microor-
ganisms has primarily focused on secondary and tertiary education
(e.g. Dumais & Hasni, 2009; Lundstrom, 2015; Lundstrom, Ekborg &
Ideland, 2012; Simonneaux, 2000; Thanasas et al., 2020), while stud-
ies at the compulsory school level remain limited. This gap is problem-
atic, as teaching about infectious diseases in middle school presents
distinct pedagogical challenges (Byrne & Grace, 2018). Insights from
studies specifically addressing this age group are therefore particularly
valuable.

Some research has explored targeted teaching interventions. For exam-
ple, Shoker et al. (2021) emphasised the need for updated strategies in
primary education, including international modules aimed at prevent-
ing viral infections. Similarly, Webb (2016) proposed service-learning
approaches in which undergraduate microbiology students engage
with primary school pupils to enhance learning outcomes. There is also
limited research on how infectious diseases are taught in middle school
and the challenges that educators face. A recurring issue identified in
the literature is the persistence of misconceptions—among both pupils
and teachers—regarding microorganisms and infectious diseases (Ar-
roita, Iradi, Ortega-Lasunen & Diez, 2022; Jones & Rua, 2006, 2008;
Nagy, 1951, 1953; Prout, 1985). Jones and Rua (2006) note that confu-
sion often arises from the broad use of terms such as “viruses,” which
can obscure distinctions between specific diseases like influenza and
pneumonia. Similar ambiguity is evident when the term “corona” is
used to refer both to the infectious disease and the causative agent (see
also Papers I and IV). Such lack of clarity may hinder pupils’ under-
standing of how microorganisms replicate and cause infection (Hoffer
et al., 2022).

Misconceptions tend to emerge in contexts where information is in-
complete or where scientific questions remain unresolved. In such
cases, individuals often rely on intuitive explanations to fill knowledge
gaps, which can lead to misunderstandings (Center for Disease Control
and Prevention, 2021). Understanding how misconceptions and con-
spiracy theories influence public health behaviours is therefore essen-
tial for developing effective educational responses, particularly regard-
ing vaccination. Teachers’ awareness of pupils’ misconceptions is
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crucial in this process, as these misconceptions often persist even after
instruction and may hinder the development of scientifically accurate
understanding (Driver et al., 1994a). Winters et al. (2021) further em-
phasise that targeted communication strategies, such as explicitly ad-
dressing and correcting misinformation, can significantly improve
public understanding and acceptance of health interventions.

Teaching and learning about vaccinations involve a range of pedagogi-
cal challenges that have been explored in previous research. Lundstrom
(2015) discusses the difficulty of aligning curricular intentions with the
realities of classroom practice. Jones and Rua (2008) focus on the im-
portance of stimulating learners’ curiosity and encouraging scientific
engagement, while Thanasas et al. (2020) draw attention to how gaps
in teachers’ subject knowledge may hinder effective instruction. These
studies collectively point to a recurring tension between educational
aims and the conditions under which teaching occurs, where limited
conceptual clarity and pedagogical support can constrain meaningful
engagement with vaccination-related content. This tension is further
exemplified in the work of Kwella et al. (2025) and contributors such
as Bryce (2025), who observe that vaccination is often treated superfi-
cially in school biology curricula. Ethical dimensions are rarely ad-
dressed, which may restrict 13—18-year-old pupils’ ability to critically
engage with the topic in relation to real-world contexts.

Arroita et al. (2022) argue that current science education is not suffi-
ciently aligned with contemporary research on microorganisms and in-
fectious diseases. This misalignment contributes to persistent miscon-
ceptions and limits pupils’ ability to engage critically with microbiolog-
ical concepts, particularly in public health contexts. Merkel (2012) sim-
ilarly contends that microbiology is underrepresented in primary and
secondary education and often lacks connections to everyday life, un-
derscoring the need for real-world examples to support deeper under-
standing.

While health education and infectious diseases are addressed in the bi-
ology curriculum, they are also embedded within broader health initi-
atives in schools, including routines and responsibilities managed by
staff such as school nurses (Borawski et al., 2015). However, little is
known about what is actually taught in schools regarding infectious
diseases, or whether and how this teaching has changed in response to
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the COVID-19 pandemic. Nonetheless, the emergence of COVID-19 has
revealed both opportunities and challenges for science education in
this area (see also Simard, 2021).

3.3. Pupils’ understanding of infectious diseases

3.3.1. Informal knowledge and conceptual development

Learners’ understanding of infectious diseases is shaped not only by
formal instruction but also by informal sources such as family, media
exposure, and everyday experiences (Driver et al., 1994a; Jones & Rua,
2006). These informal influences often precede formal education and
contribute to the development of early conceptions about health and
disease. Media exposure, including television, newspapers, and digital
platforms, can introduce vivid and emotionally resonant representa-
tions of microorganisms and illness, which may persist and influence
later learning (Simonneaux, 2000; Carvalho, 2016).

Research in science education has shown that children begin construct-
ing ideas about natural phenomena, including biological processes,
well before encountering these topics in school (Driver, 1994b; Kalish,
1997, 1999). These early ideas are often intuitive and shaped by every-
day experiences, resulting in a coexistence of informal and scientific
conceptions. Driver et al. (1994a) emphasise that learners frequently
hold both types of understanding simultaneously, which can lead to
conceptual tensions but also provide opportunities for learning.

From a sociological perspective, Prout (1985) argues that everyday
knowledge, including beliefs about health, is embedded in broader cul-
tural and social contexts. This knowledge is not easily replaced by for-
mal instruction but interacts with it in complex ways, influencing how
individuals interpret and respond to scientific information. Under-
standing this interplay is essential for designing science education that
acknowledges learners’ prior experiences and supports the develop-
ment of more robust conceptual frameworks. Understanding this in-
terplay is essential for designing science education that acknowledges
learners’ prior experiences. Recent research highlights how children’s
increasing exposure to digital media (especially post-COVID) shapes
their understanding of health-related concepts, reinforcing the im-
portance of educational approaches that critically engage with media
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influences and acknowledge the sociocultural contexts in which such
knowledge is formed (Ponti, 2023; Sobel, 2023).

3.3.2. Conceptual challenges and pupils’ ideas

Conceptual challenges in understanding infectious diseases often arise
from the interaction between informal knowledge and formal science
education. Byrne (2011) examined how learners distinguish between
school science and everyday beliefs, particularly regarding the causes
of the common cold. Her findings suggest that knowledge emerges
from diverse social contexts and experiences, and that these influences
shape how microorganisms are conceptualised. This issue has become
increasingly relevant in the post-pandemic context, where children are
exposed to a wider range of information sources than before.

Direct experiences with illness also contribute to learners’ ideas about
disease causation (e.g. Piko, 2006). Persistent misconceptions such as
the belief that colds result from exposure to cold weather (Byrne, 2011;
Prout, 1985; Sigelman, 2012), or that antibiotics are effective against
viral infections (Arroita et al., 2022; Bracko & Simon, 2022; Jones &
Rua, 2008) can impede scientific understanding. These ideas often
stem from everyday knowledge shaped by personal experience and cul-
tural traditions. While such knowledge may serve as a foundation for
learning, it can also conflict with scientific explanations. Studies have
also identified gaps in people’s understanding of the function of vac-
cines (e.g. Jones & Rua, 2008). These include limited and often inac-
curate conceptions of vaccine contents and immune responses among
pupils and teachers, which are further illuminated by research into how
social and media factors influence decision-making.

Lundstrom et al. (2012) explored decision-making around influenza
vaccination in upper secondary education, showing that scientific
knowledge and risk perception are influenced by social factors such as
family, solidarity with family members, and media exposure. Later
work by Lundstrom et al. (2016) analysed representations in the media
of human papillomavirus (HPV) vaccination in middle school contexts,
revealing tensions between individual autonomy and collective respon-
sibility. These findings underscore the importance of recognising pu-
pils’ preconceptions and integrating media literacy and ethical
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reasoning into science education, particularly when addressing topics
related to infectious diseases and public health.

3.3.3. Microbial scale and ontology

Understanding the size and scale of microorganisms is essential for
grasping their diversity and potential for dissemination (Juhas, 2023).
Previous studies have shown that learners often struggle to differenti-
ate between bacteria and viruses, due to misconceptions about their
relative size and morphology (Arroita et al., 2022; Byrne, 2011; Jones
& Rua, 2006; Simonneaux, 2000; Tretter et al., 2006). The term mi-
croscopic typically refers to entities invisible to the naked eye and ob-
servable only through magnification. However, this concept is not con-
sistently understood, particularly regarding the absolute size of micro-
organisms (Byrne, 2011; Simonneaux, 2000; Nagy, 1953).

In Byrne’s (2011) study (involving 7—14-year-old participants) many
learners demonstrated limited understanding of microbial scale. Simi-
larly, Arroita et al. (2022) found that while a substantial proportion of
15-year-olds recognised that microorganisms require magnification to
be seen, misconceptions about their relative size persisted. Tretter et
al. (2006) reported that learners aged 10—11 were more likely to grasp
relative rather than absolute size, yet struggled to rank microscopic en-
tities accurately, indicating that scale remains a challenging concept.

Children’s conceptualisations of microbial morphology have also been
explored through drawing-based studies conducted prior to the
COVID-19 pandemic (Byrne, 2011; Byrne, Grace & Hanley, 2009;
Jones & Rua, 2006; Simonneaux, 2000; Vasquez, 1985; Maxted, 1984;
Nagy, 1953). Byrne (2011) found that microorganisms were often im-
agined as miniature animals (sometimes resembling worms or insects)
and frequently anthropomorphised with facial features or limbs. Simi-
lar patterns were observed in other studies, where microorganisms
were depicted as beetles or other insect-like forms (Ballesteros, Panos
& Ruiz-Gallardo, 2018; Giordan, 2015; Simonneaux, 2000; Nagy,
1953). Confusion between bacteria and viruses is also common. In a
study by Simonneaux (2000), 17—18-year-olds used the terms inter-
changeably, and Jones and Rua (2006) reported that learners viewed
bacteria, viruses, and unicellular fungi as essentially the same. These
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findings suggest that learners face difficulties in identifying differences
in size, morphology, and biological function.

To address these challenges, Knippels and Waarlo (2018) proposed a
“yo-yo” pedagogical strategy, which supports learners in navigating be-
tween different levels of biological organisation: molecular, cellular,
and organismal. This approach encourages perspective-shifting and in-
tegration of knowledge across contexts, helping to clarify structural and
functional distinctions. Pettersson, Tibell, and Lofgren (2021) and Thy-
berg, Schonborn, and Gericke (2024; 2025) also support this strategy
as a means of guiding learners between organisational levels.

Misconceptions about the ontological status of microorganisms,
whether they are living or non-living, have been documented prior to
the pandemic. Jones and Rua (2006) found that many learners consid-
ered all microorganisms to be non-living, which is accurate for viruses
but not for bacteria. In contrast, Simonneaux (2000) reported that
older learners viewed viruses as living organisms capable of independ-
ent movement and growth, despite lacking a host.

Ecological aspects such as occurrence, function, and pathogenicity are
central to understanding the nature of microorganisms. However, lim-
ited knowledge in these areas has been identified as problematic
(Simard, 2021; Ballesteros et al., 2018). Earlier studies (Byrne, 2011;
Jones & Rua, 2006, 2008; Nagy, 1953) found that learners often asso-
ciate microorganisms primarily with humans. Byrne (2011) identified
three additional conceptualisations of microbial localisation: microor-
ganisms were thought to exist everywhere, in dirty or unhygienic
places, or in proximity to animals. This anthropocentric framing can
obscure the ubiquity and ecological diversity of microorganisms
(Simard, 2021; Ballesteros et al., 2018).

Further misconceptions include the belief that differences between
bacteria and viruses are based on symptoms experienced by humans
(Jones & Rua, 2006), and a lack of understanding of the term patho-
genic agent among older learners (Simonneaux, 2000). Nagy (1953)
observed that younger children (5—11 years old) were often unaware
that specific infectious diseases are caused by distinct microorganisms.
Arroita et al. (2022) found that participants performed better on ques-
tions related to microbial ubiquity than on those concerning microbial
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function. Overall, prior to the COVID-19 pandemic, learners demon-
strated limited understanding of microbial localisation and ecological
roles, often associating microorganisms with disease and failing to dis-
tinguish their broader biological significance (Byrne, 2011). The next
section examines how the COVID-19 pandemic influenced the teaching
and learning of infectious diseases, with particular attention to shifts
in content, context, and pedagogical focus.

3.4. COVID-19 and its influence on the teaching and learning of
infectious diseases

The COVID-19 pandemic highlighted the importance of connecting sci-
ence education to lived experiences. It presented a unique opportunity
to design pedagogical strategies that build informal learning and guide
it toward scientifically accurate models. This perspective emphasises
the potential of using everyday encounters with health-related infor-
mation as a foundation for formal instruction. As Khine (2013) and
contributors such as Bryce (2013) argue, textbook content plays a crit-
ical role in shaping pupils’ understanding of science, particularly in pri-
mary education. Their analysis underscores the need for clear, accu-
rate, and contextually relevant materials to support meaningful en-
gagement with health-related topics among pupils aged 10—12.

The pandemic also revealed limitations in traditional curricula when
addressing urgent socio-scientific issues, reinforcing the need for flex-
ible and context-sensitive teaching approaches. Concomitantly, inte-
grating vaccine education into science curricula has become essential
for countering misconceptions and supporting informed citizenship.
As Ratcliffe and Grace (2003) argue, science education must evolve to
include informal and ethically grounded learning experiences that re-
flect real-world challenges, thereby fostering competence in under-
standing infectious diseases and public health.

Byrne, Marston, and Grace (2021) show how spontaneous questions
from pupils during the pandemic can serve as valuable entry points for
engaging with scientific concepts. In mid-2020, they asked 15—16-year-
old participants what they wanted to know about COVID-19 and iden-
tified seven thematic areas: causes and origin, incidence and distribu-
tion, risk factors and virulence, control measures, safety rules,
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symptoms and immune response, and personal and future concerns.
Their findings suggest that learners seek accurate and reliable infor-
mation to support decision-making and deepen their understanding.

A Spanish study by Idoiaga et al. (2020) explored the social and emo-
tional portrayals of the pandemic among children. The coronavirus was
often depicted as an enemy being fought by medical professionals. The
study concluded that future science education must address learners’
emotional and cognitive needs in response to pandemics. These find-
ings point to new opportunities for responsive teaching practices that
reflect learners’ concerns and curiosities. This aligns with arguments
that science education should be attuned to affective experiences and
ecological perspectives, especially in times of crisis.

Vaccine education has emerged as a central component in advancing
infectious disease literacy. This includes addressing conspiracy beliefs,
vaccination intent, and the communication of critical events in vaccine
trials (Ghaddar et al., 2022; Memenga et al., 2022; Mousoulidou et al.,
2023). A particularly urgent challenge is the spread of conspiracy the-
ories, which often offer unfounded explanations involving hidden ac-
tors and lack empirical support (Douglas et al., 2019; Vaino, Semilarski
& Semilarski, 2023). Empirical studies confirm that pupils often lack
foundational knowledge about vaccine development, underscoring the
need for targeted vaccine education in schools (Hoffer et al., 2022).
These narratives tend to proliferate during crises, undermining public
trust in science. Addressing such claims in the classroom is essential
for strengthening scientific literacy and protecting public health.
Providing learners with analytical tools to evaluate such claims is cru-
cial. Emotional influences and social narratives also shape learners’ un-
derstanding of health crises, suggesting that science education must in-
corporate socio-emotional dimensions to be effective (Iverson-Cabral,
2021; Hoffer et al., 2022).

Research has documented the multifaceted impact of the COVID-19
pandemic on science education, revealing both challenges and oppor-
tunities. Learners’ lived experiences, spontaneous questions, and emo-
tional responses have become valuable resources for developing com-
petence in understanding infectious diseases. Concomitantly, the
spread of misconceptions and conspiracy theories underscores the
need to provide learners with critical reasoning skills and a
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scientifically grounded understanding. These insights support the de-
velopment of responsive pedagogical strategies that bridge formal and
informal learning.

The pandemic also prompted shifts in pedagogical priorities, with
teachers increasingly relying on pupils’ lived experiences and sponta-
neous questions to guide instruction (Byrne et al., 2021). This shift un-
derscores the importance of integrating informal knowledge into for-
mal science education, especially when addressing urgent socio-scien-
tificissues. As documented in Paper II, teaching practices often became
reactive and discussion-based, reflecting a need for flexible pedagogical
frameworks that accommodate real-time societal developments.

These findings align with broader calls for science education to support
emotional engagement and critical reasoning. Idoiaga et al. (2020) em-
phasise the importance of addressing learners’ emotional and cognitive
needs during health crises, while Iverson-Cabral (2021) demonstrates
how interdisciplinary approaches to teaching quarantine and isolation
can foster deeper understanding. Hoffer et al. (2022) further shed light
on the need for scientifically grounded instruction to counter miscon-
ceptions and support informed decision-making in the context of infec-
tious diseases.
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4. Theoretical framework

This section outlines the theoretical framework guiding the study, with
a central emphasis on the concept of contagion literacy (Kilstadius &
Gericke, 2017). Drawing on the foundation of health literacy, contagion
literacy offers a structured lens for examining how learners engage with
infectious disease content in compulsory school biology education. It is
used as the primary analytical tool in Papers I and II and informs the
analysis in Papers III and IV. This framework enables a coherent inter-
pretation of how knowledge about infectious diseases is approached,
understood, and communicated across varied educational contexts.

Health literacy is included to conceptualise the cognitive and social
competencies required to navigate health-related information. It has
informed the development of contagion literacy, which extends these
competencies to encompass the specific challenges of understanding
and responding to infectious diseases.

Although the concepts of powerful knowledge and transformation were
not directly operationalised in the empirical studies, they are intro-
duced here to shed light on the broader educational significance of the
thesis. These perspectives align with the aims of the graduate school
KAKK (Knowledge, Subjects and Quality in Teacher Education and
Classroom), situating the thesis within a wider discourse on science ed-
ucation and public health engagement.

4.1 Health literacy

The focus on literacy in this thesis stems from the recognition that even
basic functional literacy skills enable individuals to expand their
knowledge, pursue personal goals, and participate more fully in society,
both socially and economically.

The concept of health literacy was introduced by Nutbeam (1998) and
is included in this thesis as it informed the development of the theoret-
ical framework contagion literacy (see section 4.2). Nutbeam (2000)
identified three dimensions of health literacy: functional, interactive,
and critical (p. 263—264).

27



Functional health literacy refers to the ability to understand, apply, and
critically evaluate health-related information to make informed deci-
sions and adopt preventive measures. It includes reading and writing
skills relevant to health and disease (Nutbeam, 2000). Interactive
health literacy encompasses more advanced cognitive and communica-
tive abilities that support active participation in everyday situations. It
involves extracting essential information, interpreting meaning, and
applying new knowledge in response to changing conditions
(Nutbeam, 2000). Critical health literacy involves the highest level of
cognitive and social competencies. These skills enable individuals to
critically analyse health information and use it to exert greater control
over life circumstances. This includes the capacity to proactively influ-
ence future health-related decisions and environments (Nutbeam,
2000).

Each of these dimensions plays a distinct role in supporting the devel-
opment and application of health-related knowledge. Together, they
provide a foundation for engaging with health information in a way that
strengthens the capacity for informed decision-making and responsi-
ble public health behaviour.

4.2. Contagion literacy — what to teach about infectious diseases

Kilstadius and Gericke (2017) used the health literacy framework, spec-
ified it to school knowledge and infectious diseases and developed parts
of it (levels) into a more specific framework named contagion literacy.
The aim was to identify specific knowledge and competencies necessary
for understanding and responding to infectious diseases, particularly
regarding what to teach in compulsory school. Kilstadius and Gericke
(2017) report on a Delphi panel including various experts in infectious
diseases which identified six content themes to teach: (1) contagions,
(2) transmission routes, (3) hygiene, (4) vaccinations, (5) antibiotics
and antibiotic resistance and (6) sexually transmitted diseases. These
areas of knowledge were considered by the panel to be pivotal for some-
one to be considered literate and have the ability to act against infec-
tious diseases (Kilstadius & Gericke, 2017).
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Thereafter, Kilstadius and Gericke (2017) formulated three cognitive
levels of literacy by combining the framework of health literacy
(Nutbeam, 2000) with an updated version of Bloom’s taxonomy of
learning objectives (Airasian et al., 2001). The three literacy levels are
explained briefly by the following definitions. (a) Functional health lit-
eracy, which refers to factual knowledge regarding health risks, health
conditions, and how the health system can be used. (b) Interactive
health literacy encompasses the personal competencies required to act
in ways that support individual and public health. (¢) Critical health
literacy, which pertains to social and cognitive skills related to analysis
and critical reflection. The last literacy level enables understanding of
infectious diseases from a societal perspective, including the proactive
decisions and skills necessary to protect others. The individual should,
at the appropriate level, have understanding and skills to critically re-
view health information by different sources as well as reflect on the
fact that infectious diseases are dependent on social, economic and en-
vironmental aspects (Kilstadius & Gericke, 2017).

The different contagion literacy levels offer distinct advantages for de-
veloping learners’ ability to help prevent and manage infectious disease
outbreaks and pandemics (Kilstadius & Gericke, 2017). Functional lit-
eracy is essential for understanding the science of infectious diseases,
which in turn could motivate action. Interactive instructions are useful
to engage someone actively or to establish routines for action without
necessarily providing ample reasons for such engagement. Critical
health literacy is important for understanding causal relationships,
making informed decisions, and learning from prior experiences, as
well as being able to respond to future events. Also, it includes the abil-
ity to transfer knowledge across different contexts, such as from one
infectious disease or pandemic to another.

The relationship between health literacy and contagion literacy can be
described as one of general to specific scope, where contagion literacy
constitutes a focused subset within the broader domain of health liter-
acy. Health literacy is broadly defined as the capacity to access, under-
stand, appraise, and use health-related information in ways that pro-
mote and maintain personal and public well-being. According to the
World Health Organization (WHO), health literacy encompasses the
personal knowledge and competencies that individuals develop
through daily activities and social interactions and is mediated by the
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availability of resources and organisational structures that support in-
formed health decisions and actions (WHO, 2024). This includes cog-
nitive and social competencies that underpin motivation and the ability
to act on health information in everyday life, spanning areas such as
self-care, disease prevention, and critical engagement with health ser-
vices (Nutbeam, 2000; WHO, 2024).

Contagion literacy can thus be conceptualised as a distinct, application-
oriented subset of health literacy, specifically focused on infectious dis-
ease awareness, prevention, and management. It involves the ability to
interpret and act upon information related to communicable diseases,
including information about transmission routes, risk mitigation strat-
egies, and public health measures such as vaccination and quarantine
(Kilstadius & Gericke, 2017). Robust health literacy provides the cog-
nitive foundation for the development and exercise of contagion liter-
acy. Individuals with higher levels of health literacy are better prepared
to navigate public health guidance and respond effectively during in-
fectious disease outbreaks (WHO, 2024).

Both constructs operate across functional, interactive, and critical di-
mensions (Nutbeam, 2000), but contagion literacy narrows its focus to
the specific knowledge, risk perceptions, and behavioural competen-
cies required to manage communicable disease threats. Thus, conta-
gion literacy should be viewed as a critical component of public health
preparedness, nested within the conceptual and practical framework of
health literacy. It provides individuals with the tools to respond knowl-
edgeably and responsibly to contagion risks in diverse contexts. Fi-
nally, the contagion literacy framework (Kilstadius & Gericke., 2017)
aligns with important educational goals related to empowerment and
equity, in line with the transformative aims of powerful knowledge as
discussed in next section.

In most sections of this thesis, the full contagion literacy framework
was applied, encompassing six content themes and the three levels of
health literacy. However, the term “contagions” was replaced with the
term “infectious agents” to eliminate the risk of confusing diseases and
pathogens (such as bacteria, viruses, fungi, and parasites). This revi-
sion was informed by both linguistic and curricular considerations. In
English, the word “contagion” may ambiguously denote either the in-
fectious disease itself or the pathogen responsible for it, potentially
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leading to conceptual misunderstandings among younger pupils. To
enhance clarity and precision, therefore, “infectious agents” was
adopted as the preferred term. Likewise, sexually transmitted diseases
were omitted due to their minimal representation in middle school cur-
ricula, which typically emphasise foundational topics such as hygiene
practices and commonly encountered infections, rather than content
requiring more advanced contextual understanding in the Swedish
middle school biology curricula (Skolverket, 2022).

The contagion literacy framework provides a comprehensive overview
of the implications of various content themes and literacy levels. For
each combination of theme and literacy level, an example is provided
in Table 1. This thesis uses the framework as an analytical tool to ana-
lyse the transformation of infectious disease-related knowledge. Paper
I and IT used contagion literacy as a theoretical framework. Papers III
and IV used the framework partly to analyse empirical findings.

Table 1. Modified contagion literacy content themes and health literacy levels
(Kilstadius & Gericke, 2017).

Content theme/ level

(a) Functional

(b) Interactive

(¢) Critical

(1) Infectious agents

(2)Transmission
routes

(3) Hygiene

(4) Vaccinations

(5) Antibiotics and an-
tibiotic resistance*

Identifying four differ-
ent types, explaining
distinctions between
infectious diseases

Recognising different
types (e.g. air, contact,
drop)

Recognising and re-
calling how hygiene
historically influenced
disease transmission

Mechanisms and dif-
ferences between vac-
cines

Knowledge of antibi-
otic types, their uses
and of resistance de-
velopment

Adopting appropriate
behaviours in re-
sponse to the specific

type

Applying different
personal protective
behaviours to various

types

Applying actions in
accordance with rec-
ommendations of hy-
giene policies

Relating facts to con-
temporary decision—
making

Implementation of
knowledge about re-
sistance into restric-
tive usage behaviours

Distinguishing harm-
ful from beneficial,
exponential growth,
double-edged claims

Analysing and criti-
cally evaluating in-
formation about
transmission routes

Understanding hy-
giene in terms of soli-
darity avoiding ex-
cessive behaviours

Safeguarding the
population, challeng-
ing misconceptions

Understanding the
impact of antibiotic
resistance on public
health
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*According to the World Health Organization (2023), antimicrobials are essential for the prevention and treatment
of infectious diseases in humans, animals, and plants. However, antimicrobial resistance arises when bacteria, vi-
ruses, fungi, and parasites no longer respond to these treatments.

4.3 Powerful knowledge

While the concepts of knowledge and literacy are closely related, I
acknowledge that their boundaries are not always clear-cut. Integrating
them in educational research requires careful consideration to avoid
blurring distinct epistemological and pedagogical aims. As discussed in
sections 4.1 and 4.2, this thesis draws on the frameworks of health lit-
eracy and contagion literacy to explore how pupils engage with
knowledge about infectious diseases. In this section, I connect the con-
struct of contagion literacy (which underpins the empirical studies
within this thesis) with the theoretical concept of powerful knowledge
and the process of transformation.

Contagion literacy focuses on the specific knowledge and competencies
required to understand and respond to infectious diseases (Kilstadius
& Gericke, 2017). In contrast, powerful knowledge, as minted by Young
(2008), refers to systematic, specialised and conceptually coherent dis-
ciplinary knowledge that enables pupils to move beyond everyday ex-
periences and engage with the world in more informed and critical
ways. By examining how contagion literacy and powerful knowledge in-
teract and overlap within the context of biology education, I aim to ex-
plore their respective contributions to curriculum design and how they
may be meaningfully related to support epistemically informed biology
education about infectious diseases.

Young (2008) emphasises that powerful knowledge is typically disci-
pline-based and valued for its capacity to explain, predict and imagine
alternatives, qualities essential for promoting social justice and educa-
tional equity (Young, 2013; Young et al., 2014a). However, as Young
and Miiller (2013, 2014a—c) argue, the relationship between knowledge
and learners’ capabilities is not straightforward. They caution against
conflating knowledge with skills, asserting that while capabilities are
important, they must be grounded in access to powerful knowledge to
be genuinely transformative. That is, knowledge becomes powerful
when it enables individuals to act meaningfully in their everyday lives
(Deng et al., 2025) and understand why to.
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This distinction is particularly relevant in the context of contagion lit-
eracy, which seeks to cultivate pupils’ critical awareness and agency in
navigating complex socio-scientific issues such as pandemics. While
contagion literacy includes practical and critical health literacy compe-
tencies, its potential as powerful knowledge lies in its ability to connect
disciplinary understanding with societal relevance, thereby enabling
pupils to participate in public discourse in meaningful ways and make
informed decisions.

Young and Miiller (2013) further argue that not all knowledge holds
equal epistemic value. Powerful knowledge is transformative because
it offers insights that challenge assumptions and support informed par-
ticipation in society. Including such knowledge in the curriculum is
therefore essential, as it enables pupils to imagine alternative futures
and engage critically with societal challenges. Young (2009) argued
that access to powerful knowledge is a fundamental educational enti-
tlement.

A key question is how to identify and establish powerful knowledge
within specific subject domains such as infectious diseases. Gericke et
al. (2018) argue that this should be treated as an empirical question, to
be addressed through subject-specific educational research. In the con-
text of biology education, Gericke (2024) proposed the use of Delphi
methodology to identify powerful knowledge. Following this line of rea-
soning, the contagion literacy framework developed through a Delphi
study may be understood as a subject-specific articulation of powerful
knowledge in the domain of infectious diseases.

Although the concept of powerful knowledge was not explicitly used as
a guiding framework in the empirical studies included in this thesis, its
relevance is considered in the theoretical discussion. It offers a lens
through which the potential of biology education—particularly in rela-
tion to infectious diseases and contagion literacy—can be understood
as structured and conceptually rich. This type of content supports pu-
pils’ understanding and strengthens their sense of agency in the context
of pandemics. It may also contribute to a more inclusive and epistemi-
cally informed science education.
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4.4. Exploring contagion literacy as a form of powerful knowledge

This section builds on the discussions in sections 4.1 to 4.3 by further
exploring the relationship between powerful knowledge, knowledge
transformation, and contagion literacy. Although the empirical studies
in this thesis did not explicitly apply the concept of powerful
knowledge, the framework is considered here as a theoretical lens. Con-
tagion literacy can be viewed as a subject-specific articulation of pow-
erful knowledge within biology education, particularly in relation to in-
fectious diseases and pandemics. It may offer guidance for identifying
essential disciplinary knowledge in compulsory school biology, with
potential applications discussed in the Implications section (see sec-

tion 7.3).

The concept of knowledge transformation (Gericke et al., 2018) refers
to the dynamic process of adapting disciplinary knowledge for educa-
tional purposes across academic, societal and pedagogical contexts.
This process recognises that knowledge is not static but must be shaped
by educational aims and societal needs (Gericke et al., 2022; Hudson
et al., 2023). In science education, transformation is essential for
bridging the gap between complex scientific understanding and pupils’
experiences. It enables the development of powerful knowledge that
supports conceptual depth, critical thinking and engagement with real-
world issues such as infectious diseases.

This thesis investigates how disciplinary knowledge about infectious
diseases is transformed within the educational system and whether this
transformation facilitates the teaching and learning of powerful
knowledge. It explores how pupils may progress from intuitive, every-
day conceptions to more systematic and explanatory scientific under-
standings. Gericke et al. (2018) argue that powerful knowledge should
not be defined solely by disciplinary boundaries, but by how content is
transformed into teachable forms. While pupils may bring prior
knowledge from home or the media, formal education can provide a
more structured and generalised understanding. Without such trans-
formation, instruction risks remaining grounded in fragmented or eve-
ryday knowledge, limiting pupils’ conceptual development and their
capacity to act in informed ways.
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In the context of biology education, particularly when addressing in-
fectious diseases, everyday knowledge may conflict with scientific un-
derstanding (Driver, 1994b). Pupils’ initial conceptions (currently of-
ten shaped by family, culture and the media) form the lens through
which they interpret new information. Schools have the potential to
challenge and refine these understandings by offering structured disci-
plinary insights. For instance, knowledge about pathogens, immunity
and epidemiology enables pupils to engage critically with public health
issues and make informed decisions.

Clarifying the meaning of key concepts is essential when considering
what constitutes powerful knowledge. One illustrative example is the
distinction between isolation and quarantine. In everyday discourse,
isolation is often understood as staying at home when ill to avoid in-
fecting others. This interpretation is grounded in personal experience.
Quarantine, by contrast, reflects a more systematic and collective ap-
proach to managing public health risks. It involves societal-level strat-
egies for containing disease spread and managing uncertainty. In this
sense, quarantine exemplifies what Young and Miiller (2014a—c) de-
scribe as powerful knowledge, the kind of knowledge that enables indi-
viduals to understand and navigate complex societal structures beyond
their immediate experience.

This distinction does not diminish the value of everyday knowledge but
reinforce it by introducing a more analytical and collective perspective.
It illustrates how powerful knowledge can enhance pupils’ understand-
ing, support effective teaching and inform future decision-making.

Contagion literacy may be viewed as one possible expression of power-
ful knowledge in biology education, particularly in relation to infec-
tious diseases. This interpretation is proposed here as a tentative
framework for exploring how structured and conceptually rich content
might support pupils’ understanding and engagement. It aims to high-
light the importance of transforming disciplinary content into accessi-
ble and meaningful knowledge that can help pupils think critically, en-
gage with societal challenges, and participate responsibly in public dis-
course. While the current contagion literacy framework offers a valua-
ble foundation, this thesis suggests areas for further development (see
section 7.3).
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5. Methodology

A range of methodological approaches is employed in this thesis to in-
vestigate disciplinary knowledge transformation into taught and
learned knowledge. This section outlines the methods used, detailing a
multi-method design that includes textbook analysis and semi-struc-
tured interviews with teachers and pupils across studies. It also ad-
dresses issues of trustworthiness, ethical considerations, and the limi-
tations inherent in the methodological research design.

5.1. Context of the study — Swedish compulsory school

The Swedish school system is governed by the Education Act and the
national curriculum issued by Skolverket (2022). While the curriculum
is centrally regulated, the system operates with a high degree of decen-
tralisation in practice as municipalities and individual teachers exer-
cise considerable autonomy. Compulsory education spans ten years,
beginning at age six, and includes early years, primary (years 1—3, ages
7—9), middle (years 4—6, ages 10—12), and lower secondary (years 7—9,
ages 13—15).

In this context, teachers are typically referred to as class teachers,
meaning they are responsible for teaching most subjects, including bi-
ology. However, many class teachers have limited formal training in
biology and science, often amounting to less than one semester during
their teacher education. Health-related topics are included in the biol-
ogy curriculum, but they are also addressed through broader school-
based health initiatives. Swedish schools commonly have health teams
comprising nurses, counsellors, and psychologists who work with pu-
pils based on individual and collective needs. For example, vaccina-
tions are routinely administered within schools.

During the COVID-19 pandemic, most Swedish compulsory schools re-
mained open, although restrictions varied across regions. Compared to
many other countries, Sweden implemented relatively mild public
health measures (Haverty, 2021). Papers II, III, and IV were drawn
from the middle school level, where health and disease are explicitly
addressed in the biology syllabus (Skolverket, 2022). During the
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pandemic, teachers were required to adapt rapidly to evolving public
health guidance, respond to learners’ questions, and manage the exten-
sive media coverage surrounding the virus and its societal implications.
These circumstances demanded pedagogical flexibility and responsive-
ness to ensure that learners received accurate and relevant infor-
mation. School visits for this research (Papers II, III, and IV), during
which individual interviews were carried out with both teachers and
learners, were conducted at the end of the pandemic period (2022—
2023).

5.2. Selection of methods for this thesis

The aim of this thesis is to investigate how scientific knowledge related
to infectious diseases is transformed from disciplinary science into
school science. Also, it examines how this transformation might influ-
ence pupils’ understanding. The research design incorporates an anal-
ysis of textbook content aimed at pupils aged 10-15, alongside inter-
view data collected from middle school teachers and 10—12-year-old
pupils. Lower secondary school textbooks were included in the first pa-
per, since these were updated more frequently after the COVID-19 out-
break than middle school textbooks.

Individual, semi-structured interviews with teachers and pupils (Pa-
pers I1, ITII and IV) enabled an in-depth exploration of participants’ per-
spectives, experiences, and interpretations. This method supports the
investigation of how scientific knowledge is received, reshaped, and en-
acted in practice, particularly in the context of the COVID-19 pan-
demic. Content analysis of textbooks (Paper I) and children’s anno-
tated drawings (Paper IV) provides a systematic approach to examining
how scientific concepts are visually and textually represented, offering
insights into the formal and informal ways in which knowledge is con-
veyed. These analyses are essential for understanding the transfor-
mation of disciplinary knowledge into forms accessible to young learn-
ers. The use of thematic analysis across all four studies (Robson &
McCartan, 2016) allows for the identification of patterns in how
knowledge is constructed, communicated, and interpreted within edu-
cational contexts. Table 2 outlines methods employed for data collec-
tion and data analysis across the four constituent papers, each of which
is subsequently described in more detail.
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Table 2. Methods used in the doctoral thesis.

Method Paper I Paper II Paper III Paper IV

Data collection

Textbook and text selection X - - _
Semi-structured interviews - X X X
Drawings - - - X

Data analysis

Content analysis of text X - - -
Thematic analysis X X X X
Analysis of annotated drawings - - - X

5.3. Data collection

This study is based on the analysis of four data sets: textbook and text
selection (Paper I), semi-structured interviews with pupils and with
teachers (Papers II, IIT and IV), and annotated drawings made by par-
ticipating pupils (Paper IV).

For textbook analysis, I chose biology textbooks commonly used in
school years 4—9 in Swedish schools, for which there were one edition
published before the start of the COVID-19 pandemic in 2019 and one
edition published after. This resulted in four textbook pairs (one pair
for years 4—6, three pairs for years 7—9). The selected books are pub-
lished by leading publishers of biological teaching materials (Bohlin &
Host, 2015) and developed in line with the latest Swedish curriculum
for biology (Skolverket, 2022). All relevant content addressing conta-
gions and infectious diseases was extracted into separate text files for
each of the eight selected books.

Individual, semi-structured interviews were used for data collection in
Papers II, ITI, and IV. Transcribing interviews and conversations from
an oral to a written format not only transforms the data into a structure
for closer analysis but also serves as an initial analytical step (Brink-
mann & Kvale, 2018). The audio-recorded interviews underpinning Pa-
pers II-1V lasted approximately 30-60 minutes each. The transcrip-
tions were carried out verbatim.
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5.4. Data analysis

5.4.1. Content analysis of textbooks

During the content analysis of biology textbooks, all relevant material
addressing contagions and infectious diseases was extracted into sepa-
rate text files for each of the eight selected books. The initial analysis
followed a deductive approach (Robson & McCartan, 2016, p. 349),
guided by the contagion literacy framework (Kilstadius & Gericke,
2017), which incorporates six thematic areas and three levels of health
literacy. The unit of analysis was defined as the smallest meaningful
segment of text describing infectious diseases in relation to these
themes, typically a sentence, though occasionally a part of a sentence.
Also, a coding unit could consist of a word in a sentence plus the next
sentence if that word was necessary for the sentence to be meaningful
in terms of describing a function or a phenomenon.

In addition to the main text, supplementary elements such as image
captions, table legends, and embedded text within illustrations were
also coded. Headings and pupil-directed questions were excluded. A
principle of double coding was applied, allowing a single unit to be as-
signed multiple codes if it addressed more than one thematic area. This
was relatively rare, except in the case of sexually transmitted diseases,
which frequently intersected with other themes.

The categorisation of literacy levels was embedded within the coding
process. Segments reflecting functional health literacy were identified
through factual descriptions of biological functions, phenomena, or ap-
plications related to the six contagion literacy themes. Instances of in-
teractive health literacy were recognised where the text encouraged
normative, personal-oriented behaviours based on scientific
knowledge. Meanwhile, critical health literacy was coded when the ma-
terial presented open-ended situations or contexts requiring analysis,
reflection, or consideration of multiple outcomes, often involving val-
ues or ethical dimensions. These distinctions supported a nuanced un-
derstanding of how textbook content engages learners at different cog-
nitive and social levels.
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5.4.2. Thematic analysis

Thematic analysis was employed to analyse the data in all four papers
(Robson & McCartan, 2016, p. 467). The second paper mainly used a
deductive approach, while an inductive analysis was used in all papers.
The process began with familiarisation with the data, where the data
was read and re-read, and initial ideas were noted to gain a compre-
hensive understanding. Interesting features of the data were systemat-
ically coded across the selected data set, and data relevant to each code
was compiled.

A collaborative approach between my supervisors and me was em-
ployed, involving transcript sharing and extensive discussions, in order
to ensure a triangulated analysis, mitigate subjectivity, and achieve a
robust understanding of the interview data (Robson & McCartan,
2016).

5.4.3. Analysis of children’s annotated drawings

Learners’ illustrations of bacteria and viruses were subjected to analy-
sis based on pupils’ annotated drawings (Paper IV). As elucidated by
Reiss et al. (2002), drawing offers a distinctive perspective on individ-
ual pupils’ understanding.

Morphological aspects of the drawings were analysed by using partially
deductive categories, encompassing shape (circle, oval, irregular, and
other), surface texture (lines, spikes, boils, thicker tails, irregular, and
other), and internal features (organelle structure, applicable solely to
bacteria). Additionally, a figurative interpretation of the drawings was
developed to further understand the pupils’ portrayals.

The analysis of pupils’ drawings was informed by a systematic and
comprehensive approach to examining how 10—12-year-old children
represent microorganisms. This analytical framework was developed
via a synthesis of insights from three earlier research studies (Byrne,
2011; Jones & Rua, 2006; Nagy, 1953).
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5.5. Trustworthiness and limitations of the methodology

As noted by Brinkmann and Kvale (2018), various approaches exist for
defining validity in qualitative research. Internal validity pertains to
the meticulousness of the execution, encompassing aspects such as
study design, precision in measurements, and considerations regard-
ing exclusions. External validity, on the other hand, concerns the de-
gree to which research designers have considered alternative explana-
tions for the relationships they investigate.

In qualitative inquiry, however, the concept of trustworthiness offers a
more nuanced framework for evaluating research quality. Trustworthi-
ness encompasses the criteria of credibility, transferability, dependa-
bility, and confirmability (Guba & Lincoln, 1989), and is particularly
relevant when interpreting participants’ perspectives on sensitive top-
ics such as infectious diseases. There are several potential confounders
and biases pertaining to interviews that introduce limitations to this
approach (Brinkmann & Kvale, 2018; Robson & McCartan, 2016).
Firstly, the issue of a restricted sample size must be acknowledged.
Small-scale interviews may not offer a representative cross-section of
the broader population of pupils and teachers. The perspectives ex-
pressed by a small group may not necessarily mirror those of the wider
community. Another limitation involves the potential for social desira-
bility bias. Participants (at least adults) might provide responses that
align with societal expectations rather than express their own genuine
opinions or experiences.

The limitation of the predetermined scope of questions in semi-struc-
tured interviews should be noted. My guiding set of questions may not
encompass all pertinent aspects of the topic, potentially overlooking
additional insights or experiences that participants might hold. More-
over, the issue of limited generalisability arises. Findings derived from
small-scale interviews may not be readily applicable to other contexts
or populations. Finally, the potential for researcher bias, inherent in
both the interviewer (me) and my supervisors, should be acknowl-
edged. This research may harbour its own biases or preconceptions
that could influence the interpretation of the findings. However, I tried
to ensure reflexivity and transparency throughout the research process
to achieve trustworthiness at all stages.
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5.6. Ethical considerations and research approval

This thesis adheres to the ethical guidelines established by the Swedish
Research Council (Vetenskapsradet, 2017), which identify four core
principles for research involving human participants: information,
consent, confidentiality, and appropriate use of data. According to the
Swedish Act concerning the ethical review of research involving hu-
mans, only specific types of studies require formal approval by the na-
tional ethical review authority. This project did not fall within those
categories. Instead, it was reviewed and approved by the ethical advisor
at the Faculty of Health, Science and Technology, Karlstad University
(Dnr. HNT 2022/638, 2023/306).

All participants and their parents received an information letter outlin-
ing the purpose of the study, the type of data collected, how the mate-
rial would be handled, and their right to withdraw at any time. The let-
ter stressed that participation was voluntary and that all data would be
treated with the highest possible confidentiality. In accordance with
Robson and McCartan (2016) and my ethical guidelines, both partici-
pants and their parents were given time to consider their involvement
before providing written consent.

Ethical research design involves balancing potential risks with the
value of the knowledge produced. While research should avoid causing
harm, some level of risk may be justified if the anticipated benefits are
significant (Vetenskapsradet, 2017). This principle informed the meth-
odological choices in this work, which relied solely on audio recordings
to minimise disruption and arrange for participant comfort.

42



6. Results

6.1. Paper | — Portrayal of infectious diseases in biology textbooks

This paper addressed research questions IA and IB, which explored
how infectious diseases are represented in Swedish biology textbooks
published before and after the onset of the COVID-19 pandemic.

The comparative analysis revealed that, despite the significant societal
impact of the pandemic, the representation of infectious diseases in
textbooks remained largely unchanged. Textbooks published in 2022
or later did not include substantially more content on infectious dis-
eases and continued to emphasise functional health literacy, focusing
on factual information rather than on how pupils might act in response
to health threats.

Only minor additions were observed in the post-pandemic textbooks.
These included brief references to the emergence of pandemics, the so-
cietal role of vaccines and infection control measures, the use of path-
ogenic viruses as models of infectious agents, and the evolution of vi-
ruses. However, these additions were limited in scope and did not re-
flect a broader shift in how infectious diseases are conceptualised in
textbooks.

As aresult, the textbooks published after the onset of COVID-19 do not
appear to prepare pupils to understand or respond to future pandemics
better than those published before 2020. This is a critical finding, as it
suggests that textbooks have not been sufficiently updated to support
the development of contagion literacy or to provide access to powerful
knowledge, knowledge that enables pupils to understand disease trans-
mission, evaluate public health measures, and make informed deci-
sions.

The limited responsiveness of textbooks to recent public health events
places a greater burden on teachers, who may lack the formal training
or resources to address these topics comprehensively. To support both
teachers and pupils, textbooks should include structured content on
collective strategies for disease prevention, such as vaccination, quar-
antine, and social distancing. These topics are essential for providing

43



pupils with the knowledge and competencies needed to navigate future
public health challenges.

6.2. Paper Il — Teaching infectious diseases during and in the af-
termath of the COVID-19 pandemic

This paper addressed research questions ITA and IIB, which explored
how the COVID-19 pandemic influenced the teaching of infectious dis-
eases in Swedish middle school biology classrooms, both in terms of
enacted teaching and planned instruction. The findings indicate that
while the pandemic had a clear impact on enacted teaching, it did not
profoundly alter the planned teaching content regarding infectious dis-
eases. Rather than expanding or adapting the formal curriculum,
teaching during the pandemic was shaped by pupil-initiated, question-
driven discussions centered on current events and public health
measures related to COVID-19. These spontaneous discussions often
took precedence over structured biology content, reflecting a shift in
classroom focus without a corresponding curricular revision. The main
finding is that teachers primarily emphasised hygiene practices and
sought to influence pupils’ behaviours through interactive discussions.
However, this emphasis was not systematically linked to broader bio-
logical concepts or disciplinary frameworks. The themes and subcate-
gories derived from the analysis of are summarised in Table 3.
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Table 3. Themes and subcategories from the analysis of teaching aspects.

Theme Subcategories

(D) Hygiene (a) clean hands and isolation, (b) physical distancing
challenging, and (c) solidarity perspective not prom-
inently featured

(II) Transmission routes (a) evoked by the COVID-19 pandemic, (b) quaran-
tine and asymptomatic transmission ignored, and
(c) infection control guidelines

(II1) Contagions (a) not a regular item, (b) viruses equated to “co-
rona”, and (c) pupil germaphobia

(IV) Vaccinations (a) a controversial topic, (b) challenging to explain,
and (c) rarely related to solidarity

(V) Infectious diseases (a) teaching oriented towards COVID-19, (b) the
concept of a pandemic, and (¢) COVID-19 linked dis-
ease to a contagion

(VI) Antibiotics (a) regarding current outbreaks, (b) historical con-
text, and (c) intractable infectious diseases

Teachers reported feeling underprepared to address complex topics
such as transmission routes, asymptomatic infection, and the rationale
behind quarantine measures. Notably, discussions of airborne, droplet,
and surface transmission were largely absent, and topics such as anti-
biotics and antimicrobial resistance received minimal attention. Teach-
ers also expressed hesitation in addressing misinformation and vac-
cine-related controversies, often due to concerns about potential con-
flict with parents. While some interdisciplinary collaboration (particu-
larly with social science) was reported, the findings suggest that the
pandemic was a missed opportunity to embed contagion literacy more
systematically into biology education. The lack of curricular guidance
and limited teacher training contributed to a reliance on informal, re-
active teaching strategies rather than structured, conceptually
grounded instruction. The teaching approaches described by partici-
pants related to activities and choice of teaching materials when teach-
ing about infectious diseases (t1= teacher 1 etc.) are summarised in Ta-
ble 4.
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Table 4. Teaching approaches related to activities and choice of teaching materi-
als when teaching about infectious diseases articulated by participants (n=8).

Approaches Descriptions Teachers
Media news to schools and films etc. ~ t1-t8
Group discussions based on often related to COVID-19 t1-t8

pupils’ interest and questions
Biology textbooks Understanding contents t1-t3, t6-t7

Interdisciplinary collaboration  historical and novel diseases ti,t5,t7

Illustrations visualise bacteria and viruses t1

Overall, the study highlights a gap between the societal relevance of in-
fectious diseases and the curricular and pedagogical responses within
biology education. While teachers demonstrated adaptability and re-
sponsiveness to pupils’ interests, the absence of structured content and
conceptual depth limited the potential for developing powerful
knowledge. The findings underscore the need to strengthen syllabus
content and provide targeted teacher support that explicitly integrates
contagion literacy into biology education. Such efforts can enable pu-
pils to engage critically with public health issues and future pandemics.

6.3. Paper lll - Pupils’ understanding of infectious diseases in the
aftermath of COVID-19

This paper addressed research question III, which explored how mid-
dle school pupils understand infectious diseases in the aftermath of the
COVID-19 pandemic.

The findings indicate that the pandemic significantly shaped pupils’
conceptions of infectious diseases. Their understanding was largely in-
formed by personal experiences and media representations of the coro-
navirus, which they frequently cited as their primary reference point.
However, their perceptions were often marked by ambiguity, reflecting
the diverse and sometimes contradictory manifestations of the virus in
public discourse and daily life.
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A key feature of pupils’ reasoning was the use of dichotomous thinking,
such as framing individuals as either infected or healthy, or diseases as
either dangerous or harmless. These binary distinctions, such as com-
paring asymptomatic illness (“playing”) with severe outcomes (“dy-
ing”), were rooted in their lived experiences during the pandemic. Such
simplified conceptualisations may influence how pupils interpret
health-related information and understand disease transmission and
prevention.

Notably, pupils rarely termed specific infectious diseases. Instead, they
focused on symptoms and personal or familial experiences. In spite of
this, many expressed an awareness of the importance of caring for one-
self and others, indicating an emerging sense of social responsibility.
Vaccines were also frequently mentioned, though pupils assigned them
varied roles, ranging from curative to preventive, and in some cases, as
sources of uncertainty or fear.

Importantly, pupils’ knowledge of infectious diseases appeared to
originate primarily from informal sources, including news media, the
internet, and family discussions. Formal biology education was men-
tioned far less frequently, suggesting a gap between pupils’ lived expe-
riences and the content addressed in school science. Table 5 summa-
rises the themes and subcategories identified through thematic analy-
sis.

Table 5. Themes and subcategories from the analysis.

Theme Subcategories

Elusive diseases (I) (a) contemporary-historical, (b) visible-invisible,
and (c) playing-dying

Taking care (IT) (a) of oneself (b) of others, and (c) for recovery
Various thoughts on vaccine (III) (a) as a cure, (b) as a preventor or (c) as a threat
Information and insights (IV) from (a) the news, the net and the family,

(b) the civics and history lessons and

(c) the biology lessons
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Encouragingly, none of the pupils suggested antibiotics as a treatment
for viral infections such as COVID-19. Instead, they emphasised isola-
tion and rest, reflecting the influence of national public health messag-
ing. This suggests that some aspects of public health communication
were effectively internalised. Overall, the findings highlight the domi-
nance of informal learning environments in shaping pupils’ under-
standing of infectious diseases. While pupils demonstrated engage-
ment with real-world health issues, their conceptual grasp was often
fragmented and lacked scientific coherence. These results underscore
the importance of integrating contagion literacy into formal biology ed-
ucation to support the development of powerful knowledge, knowledge
that enables pupils to move beyond personal experiences and engage
critically with complex public health challenges.

6.4. Paper IV — Pupils’ understanding of bacteria and viruses in
the aftermath of COVID-19

This paper addressed research question IV, which examined how mid-
dle school pupils conceptualise bacteria and viruses in the context of
infectious diseases following the COVID-19 pandemic. The findings
indicate that pupils perceived viruses as more dangerous than bacte-
ria, often associating them with severe illness. However, their ability
to link specific pathogens to specific diseases was limited. Pupils fre-
quently used the term “corona” interchangeably to refer to both the
virus (SARS-CoV-2) and the infectious disease (COVID-19), and only
occasionally connected viruses correctly to influenza and COVID-19,
and bacteria to plague (as well as incorrect associations—such as the
association of bacteria with the common cold). These patterns suggest
that viruses have assumed a dominant position in pupils’ mental
models of infectious agents in the aftermath of the pandemic.

The analysis of pupils’ drawings (Figure 1) further revealed that the
morphology of microorganisms was often depicted in a “corona-like”
manner, typically as round shapes with protruding spikes. Pupils con-
sistently represented microorganisms as cell-like entities, without an-
thropomorphic or animal-like features. However, their understanding
of size and scale was limited; viruses were often perceived as larger
than bacteria, and both were frequently exaggerated in size. These
misconceptions point to challenges in grasping abstract biological
concepts, particularly those not directly observable. Overall, the
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coronavirus appeared to serve as a default model for all pathogenic
microorganisms, shaping pupils’ visual and conceptual representa-
tions of infection. Table 6 summarises the themes and subcategories
generated from the thematic analysis.

Table 6. Themes and subcategories generated from the analysis.

Theme Subcategories

Size and scale (I) (a) bacteria enlarged in pictures and (b) viruses con-
sidered larger in size than bacteria

Ecological occurrence and locomotion (II) (a) bacteria everywhere and viruses (only) in certain

places (b) viruses walk and move around and
(c) viruses spread more quickly

Life and growth (III) (a) bacteria are alive (b) bacteria can double down
Interrelationship between contagions (IV) (a) virus as a superior microorganism and
(b) bacteria could generate viruses
Tether to disease (V) (a) bacteria causing common cold and plague and
(b) virus causing flu and COVID-19
Morphology (VI) (a) round shape with protruding parts and

(b) “corona” as figurative expression
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Figure 1. Pupils’ drawings of microorganisms.
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7. Discussion

Understanding how infectious diseases behave and how hygiene and
vaccination can prevent illness, fatalities, and future pandemics has
profound implications for society. Cultivating this understanding from
middle school onwards lays the foundation for a scientifically grounded
contagion literacy (Kilstadius & Gericke, 2017), which is essential for
preparing resilient, informed, and empowered future citizens.

This section synthesises the findings from all four studies and examines
how content related to infectious diseases is presented, interpreted,
and understood in Swedish middle schools. It identifies key conceptual
challenges that impede pupils’ development of contagion literacy, in-
cluding: (a) the missing connection between specific pathogens and the
infectious diseases they cause; (b) the limited coverage of transmission
routes and quarantine; (c) the informal and fragmented nature of hy-
giene education; (d) the conceptual boundaries surrounding vaccina-
tion; and (e) persistent misconceptions regarding microbial classifica-
tion and scale.

The next sections trace transformation of biological content related to
infectious diseases across school textbooks, classroom practices, and
pupils’ conceptualisations, examining both the structural and pedagog-
ical factors that shape how this knowledge is taught and learned in Swe-
dish middle schools. Collectively, these findings point to the need for a
more coherent and epistemically rich approach to teaching infectious
diseases in middle school biology.

7.1. Transformation of infectious disease content in middle school
biology

Despite the fact that the curriculum mandates the inclusion of health
and disease topics, explicit instruction with linkage of infectious dis-
eases to their causative agents remains notably absent from the sylla-
bus. This omission is particularly concerning in light of the COVID-19
pandemic, which sheds light on the societal importance of contagion
literacy.
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7.1.1. Conceptual challenges — pathogens and microbial scale

Paper II shows that teachers often omit infectious disease content, not-
ing that pupils struggle to associate specific diseases with their causa-
tive pathogens. Paper IV reveals that pupils frequently confuse bacteria
and viruses, often considering viruses to be larger and more harmful,
also documented by Byrne (2011) and Jones and Rua (2006). Although
pupils now rarely depict microorganisms with anthropomorphic fea-
tures, as previously shown by Byrne et al. (2009), they still struggle
with microbial scale and vitality, often using imprecise terminology
such as “germs” or “bacilli” interchangeably.

The liaison between pathogens and the diseases they cause remains un-
clear to many pupils. As noted in Paper IV and supported by Nagy
(1953) and Bracko & Simon (2022), pupils often fail to distinguish be-
tween the virus (e.g., SARS-CoV-2) and the infectious disease (e.g.
COVID-19), using the same term (“corona”) to refer to both. This con-
fusion is reinforced by textbook representations (Paper I), which fre-
quently conflate terminology and lack clarity.

Paper I shows that biology textbooks rarely provide structured expla-
nations of microbial classification or scale, and often present pathogens
in isolation from the infectious diseases they cause. This fragmented
portrayal contributes to pupils’ difficulties in forming coherent concep-
tual links between microorganisms and illness. In spite of the global
impact of the pandemic, textbook revisions were minimal, and the rep-
resentation of infectious diseases remained largely unchanged. This
lack of curricular and textual clarity places a disproportionate burden
on teachers to bridge conceptual gaps. Yet, as demonstrated in Paper
I, many teachers feel underprepared to teach microbiology and infec-
tious disease content, often due to limited formal training and compet-
ing curricular demands.

These findings are consistent with Amorim et al. (2023) who identify
significant gaps in microbiology education across European curricula,
noting that microorganisms are frequently portrayed primarily as
threats, with limited emphasis on their classification, scale, or benefi-
cial roles. Similarly, Timmis (2023) advocates for the urgent integra-
tion of societally relevant microbiology curricula in schools, emphasis-
ing that current educational materials often fail to reflect the
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complexity and significance of microbial science in everyday life and
public health.

7.1.2. Transmission routes and quarantine

Understanding transmission routes is central to contagion literacy, yet
Papers I, I, and III indicate that this content is rarely taught in a sys-
tematic manner. Pupils’ ideas about transmission are shaped more by
everyday experience than by scientific instruction. For instance, food
was commonly mentioned regarding hygiene, while waterborne trans-
mission was largely absent, likely reflecting the fact that Sweden gen-
erally has safe drinking water. Quarantine, too, is poorly understood.
Paper II documents a shift from collective public health measures to
individualised notions of isolation, while pupils demonstrated limited
awareness of the historical and societal dimensions of quarantine. The
absence of clear definitions in textbooks contributes to this conceptual
gap. These findings are consistent with Kafai et al. (2022), who found
that educational interventions on infectious disease transmission often
neglect population-level concepts and fail to address the broader public
health implications of measures (such as how to handle and under-
stand quarantine).

Furthermore, Paper I reveals that quarantine is either omitted or pre-
sented in vague terms, often disconnected from biological mechanisms
or historical context. This contributes to pupils’ limited understanding
of how quarantine functions as a public health strategy. The lack of in-
terdisciplinary framing (linkage between biology and civics or history)
means that pupils rarely engage with quarantine as a socio-scientific
concept in school. This gap stands in contrast to approaches such as
those described by Iverson-Cabral (2021), where quarantine and isola-
tion were taught through an integrated lens that included biological ra-
tionale, historical examples, and societal implications, demonstrating
the value of interdisciplinary science education in supporting deeper
understanding.
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7.1.3. Hygiene — between informal practice and scientific under-
standing

Hygiene became a prominent theme during the pandemic, but its treat-
ment in schools was largely informal. Teachers emphasised behav-
ioural routines (e.g., handwashing, cough etiquette) through mentor
sessions rather than structured biology instruction (Paper II). Paper III
reveals that although pupils generally adhered to hygiene practices,
they often lacked insight into the biological rationale behind these be-
haviours. Hygiene education thus functions more as embodied practice
than disciplinary knowledge, underscoring the need to link routines to
scientific concepts within contagion literacy. This disconnection be-
tween practice and understanding reflects a broader issue. Hygiene is
often taught as a behavioural norm rather than a scientific concept (Ap-
piah-Brempong et al., 2018). Paper I reveals that textbooks seldom ex-
plain the biological mechanisms underlying hygiene recommenda-
tions, particularly the role of handwashing in interrupting transmis-
sion routes. These findings are consistent with Simard (2021), who ar-
gues that pupils’ understandings of microorganisms are shaped more
by social messaging than by structured instruction, and with Kilstadius
and Gericke (2017), who emphasise the importance of transforming
scientific knowledge into accessible and contextually relevant teaching
to support health-related decision-making.

7.1.4. Vaccination — between scientific knowledge and societal
perceptions

Despite its relevance to public health, vaccination is rarely explored in
depth within middle school science education, leaving pupils with lim-
ited understanding of its biological basis (Reiss, 2022). The participat-
ing teachers reported feeling underprepared to explain vaccine mecha-
nisms and hesitant to engage with the topic due to parental scepticism
(Paper II). Textbooks typically present vaccination in a descriptive,
functional manner, avoiding deeper engagement with concepts such as
herd immunity and immunological responses (Hoffer et al., 2022).
This reluctance reflects broader pedagogical challenges in navigating
contested knowledge, as also evidenced in Paper II, where teachers ex-
pressed uncertainty about how to approach sensitive or controversial
health topics within the constraints of the curriculum and community
expectations.
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A potential omission in current biology education may be a limited at-
tention to the host (that is, the human body) and its biological re-
sponses to infectious agents. While infectious agents (such as patho-
genic bacteria and viruses) and infectious diseases are occasionally ad-
dressed, the immune system and its role in disease prevention and re-
covery appear to be rarely taught in a structured or conceptually rich
manner. This gap could limit pupils’ ability to understand how the body
interacts with infectious agents and why public health interventions
such as vaccination are effective (Ghaddar et al., 2022; Memenga et al.,
2022). For a more detailed account of the biological mechanisms in-
volved in host—pathogen interactions and immune responses, see van
Seventer and Hochberg (2017).

As shown in Paper I1I, many pupils were able to describe hygiene rou-
tines or symptoms, but few could explain biological mechanisms such
as immune responses or the role of vaccination in community protec-
tion, indicating a need for more explicit instruction in host-pathogen
interactions.

Viewed collectively, the findings from Paper I and Paper II highlight a
disconnect between curricular materials and classroom practice as it
pertains to vaccination. Paper I reveals that the portrayal of vaccination
in textbooks remains largely static and uncritical, even in editions pub-
lished after the COVID-19 pandemic. This lack of curricular respon-
siveness places a greater burden on teachers, who may lack the formal
training or resources to address these topics comprehensively. Paper 11
further illustrates how teachers often rely on simplified explanations or
choose to avoid the topic altogether. To support both teachers and pu-
pils, textbooks should include structured content on collective strate-
gies for disease prevention, such as vaccination, quarantine, and social
distancing. These topics are essential for providing pupils with the
knowledge and competencies needed to navigate future public health
challenges. This aligns with observations by Reiss (2022), who notes
that while science education in many schools covers fundamental biol-
ogy and immunology, it frequently neglects vaccine hesitancy and fails
to situate vaccines within a broader context where moral, social, and
ethical dimensions are made explicit. Such tendencies limit pupils’ ac-
cess to powerful knowledge and hinder their ability to engage critically
with contemporary scientific challenges.
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7.2. Powerful knowledge and pandemic preparedness

Informed by the conceptual challenges identified in section 7.1, this
section examines whether pupils are being provided with powerful
knowledge that supports contagion literacy and pandemic prepared-
ness. Are pupils being empowered with disciplinary knowledge that en-
ables them to understand infectious diseases and respond to future
public health challenges?

Paper III reveals that pupils often hold fragmented understandings of
infectious diseases, shaped by media exposure and everyday experi-
ences. This fragmented knowledge can hinder their ability to engage
with scientifically grounded explanations. Although many pupils could
describe hygiene routines or symptoms, few were able to explain bio-
logical mechanisms such as immune responses or the role of vaccina-
tion in community protection. These findings align with Simard (2021),
who emphasises that pupils’ conceptions of microorganisms are fre-
quently influenced by non-scientific sources, leading to oversimplified
or inaccurate understandings.

Paper IV further documents persistent misconceptions, including con-
fusion between bacteria and viruses and the belief that common colds
are caused by bacteria. Paper II shows that hygiene-related behaviours
were often emphasised through informal strategies, such as posters
and routines, but these were rarely connected to underlying conceptual
content. Similarly, Paper I demonstrates that biological concepts are
frequently presented in isolation within textbooks, without being
linked to behavioural practices or decision-making processes. These
findings suggest that the transformation of disciplinary knowledge into
accessible and contextually relevant instruction remains a challenge in
current science education.

In the context of this thesis, powerful knowledge refers to structured
and conceptually rich instruction that enables pupils to engage with
scientific reasoning and participate in public health discourse. As dis-
cussed in section 7.3, when powerful knowledge is tethered to conta-
gion literacy, it provides pupils with the tools to move beyond everyday
experiences and engage with disciplinary frameworks that support
both understanding and action. This is supported by Kilstadius &
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Gericke (2017), who argue for the importance of integrating scientific
knowledge with societal relevance in science education.

When pupils are taught about pathogens, immunity, and vaccination
through interdisciplinary and contextually grounded approaches (as
advocated in Papers III and IV), they will probably be better prepared
to navigate complex health issues (Ghaddar et al., 2022). Notably, Pa-
per I1II identified a solidarity-oriented perspective among pupils, many
of whom expressed concern about infecting vulnerable family mem-
bers, particularly grandparents. These findings are consistent with
those of Idoiaga et al. (2020), who reported similar sentiments among
younger children during the COVID-19 pandemic, illustrating the po-
tential for science education to support empathy and social responsi-
bility.

To conclude, supporting pupils with contagion literacy skills and pow-
erful knowledge about infectious diseases is not only a matter of indi-
vidual empowerment, but also contributes meaningfully to public un-
derstanding and collective well-being. As future pandemics are inevi-
table, science education must prepare pupils to engage critically with
public health challenges and contribute to collective resilience.

7.3. Towards a more powerful contagion literacy framework

The contagion literacy framework, currently conceptualised by Kilsta-
dius and Gericke (2017), provides a valuable structure for exploring
how learners engage with infectious disease content. However, accord-
ing to my findings and previous reasoning I would argue that it lacks
sufficient integration of the host’s biological role, which limits its ex-
planatory power regarding science education and health literacy. To
address this, I propose expanding the framework by incorporating this
aspect from the epidemiological triad model (van Seventer &
Hochberg, 2017), which conceptualises infectious disease causation
through the dynamic interplay between agent, host, and environment.
Contagion literacy includes aspects of agent, disease and environment,
but neglects the host. As illustrated in Figure 2, the triad model offers
a lens for understanding contagion, positioning the host as a central
component in both the dissemination and prevention of disease.
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Environment

Figure 2. The epidemiological triad model of infectious disease cau-
sation (reproduced from van Seeventer & Hochberg, 2017).

The host (defined as the human body with its varying immune re-
sponses, vulnerabilities, and capacities for resistance) plays a critical
role in determining whether exposure to an infectious agent results in
illness (van Seventer & Hochberg, 2017). Integrating host-related con-
cepts such as immunity, and susceptibility into the contagion literacy
framework would allow learners to better understand why some indi-
viduals develop illness while others do not, even when exposed to the
same pathogen. Hence, this addition would support the transformation
of everyday knowledge into powerful disciplinary understanding, as
discussed in section 7.2.

In the sense articulated by Young and Miiller (2013), powerful
knowledge refers to specialised, systematic knowledge that enables
learners to go beyond their everyday experiences and engage with ab-
stract concepts and explanatory models. By embedding the host dimen-
sion into the contagion literacy framework, the model becomes more
aligned with this epistemic aim. It allows learners not only to describe
observable phenomena but also to understand underlying biological
mechanisms in which the contagion and the host interact, thereby
bridging informal knowledge with disciplinary reasoning.

To further strengthen the curricular and pedagogical utility of the con-
tagion literacy framework, I propose the addition of a host (the human
potentially becoming ill) with an immune system. This theme would
address how the human body interacts with infectious agents, includ-
ing behavioural factors, immune responses, and susceptibility. It would
help learners conceptualise the role of the host in disease transmission
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and prevention. The immune system would be central to focus on the
biological mechanisms of defense, including innate and adaptive im-
munity and immune memory. It would provide a foundation for under-
standing how immunity develops and how it can be supported or com-
promised.

This revision of the contagion literacy framework also responds to gaps
identified in Paper III, where participants demonstrated limited
knowledge of immune responses and host-pathogen interactions. By
integrating these dimensions, the contagion literacy framework would
have a greater potential of supporting powerful knowledge in biology
and health education.

7.4. Implications

Drawing on the conceptual and pedagogical challenges identified in the
previous sections, this part of the analysis outlines key implications for
biology teaching and learning in the context of infectious disease edu-
cation.

7.4.1. Implications for practice

The findings from this thesis point to several important implications
for biology and health education practice, particularly regarding how
disciplinary knowledge about infectious diseases is transformed into
teachable content.

Firstly, Paper II demonstrates that teachers require sustained profes-
sional development to strengthen both subject-matter expertise and
pedagogical content knowledge. Teaching complex biological phenom-
ena such as microbial behaviour, immune responses, and vaccination,
requires not only scientific accuracy but also the ability to transform
disciplinary knowledge into age-appropriate and interdisciplinary in-
struction. This is consistent with Simard (2021), who emphasises the
importance of bridging scientific knowledge and pupils’ lived experi-
ences in ways that support conceptual clarity.

Secondly, instructional transformation must be supported at the insti-
tutional level. Teachers often lack the frameworks and resources

needed to adapt their teaching practices in response to evolving public
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health contexts. This includes the capacity to connect biological con-
tent to behavioural and societal dimensions, which are frequently un-
derrepresented in existing teaching materials (Paper I, Hoffer et al.,
2022). Targeted training and school-level support can play a key role
in enabling these pedagogical shifts and in supporting the transfor-
mation of knowledge into meaningful classroom practice.

Thirdly, Papers III and IV reveal that primary science teacher educa-
tion must be strengthened to better prepare educators to teach founda-
tional concepts related to infectious diseases. Pupils’ misconceptions
and limited understanding of microbial biology suggest that early and
explicit instruction in pathogen-related content is necessary. This in-
cludes distinguishing between pathogenic and beneficial microorgan-
isms and linkage of specific pathogens to specific diseases, an approach
that supports the transformation of everyday knowledge into powerful
disciplinary understanding.

Finally, interdisciplinary collaboration may offer valuable opportuni-
ties for strengthening science education. As discussed in Paper II and
supported by Paper I, collaboration between biology and social science
teachers, as well as school health teams, can help integrate scientific
knowledge into broader societal contexts. Such collaborative efforts
have the potential to support the development of interactive and criti-
cal health literacy, enabling pupils to connect biological concepts with
real-world decision-making. By supporting dialogue across disciplines,
educators may be better positioned to transform scientific content into
meaningful and contextually relevant learning experiences. Wang et al.
(2021) demonstrate that interdisciplinary programs involving natural
science and social studies, teachers can enhance pupils’ ability to en-
gage critically with complex societal issues, including public health.

7.4.2. Implications for syllabus and textbook development

In addition to its pedagogical implications, the findings from Paper I
highlights the need for reform of both syllabus and textbook content.
In spite of the global impact of the COVID-19 pandemic, the represen-
tation of infectious diseases in Swedish middle school biology text-
books has remained largely unchanged. This lack of revision suggests a
gap between significant societal events and educational content and
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illustrates the limitations of relying solely on textbooks to convey criti-
cal health-related knowledge.

Paper I demonstrates that textbook content is often fragmented, with
biological concepts presented in isolation from behavioural, societal,
and ethical dimensions. This disjointed approach limits pupils’ ability
to understand the mechanisms of disease transmission, the role of vac-
cination, and the importance of hygiene from both scientific and socio-
scientific perspectives. Moreover, the absence of interactive and critical
perspectives restricts opportunities for pupils to engage meaningfully
with public health issues, an essential component of contagion literacy.

Given that pupils’ knowledge of infectious diseases is shaped by both
teacher competence and formal instructional materials, the absence of
structured, contemporary, and pedagogically grounded content in text-
books presents a challenge, particularly for teachers with limited train-
ing in biology. To support educators in delivering accurate and mean-
ingful instruction, developers of teaching materials and publishers
should consider how content on infectious diseases can be systemati-
cally organised, scientifically robust, and accessible to pupils at differ-
ent developmental stages. Milgroom (2023) emphasises the im-
portance of presenting infectious disease content in a structured and
conceptually coherent manner, making it accessible to learners and
supportive of teachers’ instructional goals.

Future middle school curriculum revisions ought to include infectious
diseases explicitly in the biology syllabus. As demonstrated in Papers
IIT and IV, to make a distinction from non-infectious diseases is peda-
gogically significant. It helps pupils differentiate between communica-
ble and non-communicable conditions and supports a more nuanced
and accurate understanding of public health. Integrating such content
would also support the development of powerful knowledge by ena-
bling pupils to move beyond everyday experiences and engage critically
with complex health-related phenomena.
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7.4.3. Limitations and future research suggestions

This thesis focused on Swedish biology textbooks, teachers’ instruc-
tional practices, and pupils’ understanding of infectious diseases. Fu-
ture research could usefully examine how infectious disease education
is approached in other national contexts. Comparative studies may of-
fer valuable insights into how different educational systems respond to
global health crises and contribute to a more comprehensive under-
standing of contagion literacy in science education. Also, as three of the
included studies (Papers II-IV) are case studies, the number of partic-
ipants was small and selected based on convenience. More large-scale
and generalisable studies reinforcing this thesis would be of great im-
portance.

Expanding upon the findings of this thesis, further research might also
explore how the contagion literacy framework could be expanded to in-
clude additional biological dimensions, particularly the human im-
mune system. Understanding the immune response is central to grasp-
ing how the body interacts with pathogens, and its inclusion could en-
hance the explanatory power and pedagogical relevance of the frame-
work. While the concept of the host is important in infectious disease
biology, referring specifically to the human host and its physiological
responses may offer a more accessible and educationally meaningful
focus for middle school pupils.

Moreover, there is a need for continued empirical research to investi-
gate what constitutes powerful knowledge within the domain of infec-
tious disease education. Such studies may assist in identifying which
concepts and competencies are most critical for preparing pupils to en-
gage with public health issues in scientifically informed and socially re-
sponsible ways. This includes exploring how disciplinary knowledge is
transformed into teachable content and how pupils’ access to such
knowledge is supported via curriculum design, teacher education, and
instructional materials.
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Teaching and Learning about Infectious
Diseases in the Aftermath of COVID-19

The COVID-19 pandemic profoundly affected children’s everyday experiences,
highlighting the importance of infectious diseases in science education. As future
outbreaks are inevitable, it is essential to understand how teaching and learning about
diseases was shaped by the pandemic, in order to develop biology education to meet
the needs for future epidemic-prone diseases. This thesis explores how knowledge
about infectious diseases is transformed from external sources into content taught
and understood in Swedish middle school. The central research question is: How is
the portrayal of knowledge about infectious diseases reflected in textbooks, teachers’
practices, and pupils’ understanding in the aftermath of COVID-19?

The thesis includes 4 empirical studies examining different stages of this
transformation. A comparative textbook analysis (Paper I) shows that representations
of infectious diseases remained largely unchanged post-pandemic. Teaching (Paper
II) was shaped by pupil-driven discussions rather than curriculum expansion.
Studies of pupils’ understanding (Papers III-IV) reveal limited conceptual grasp,
with informal sources outweighing formal instruction. Interpreted through the lens
of contagion literacy and powerful knowledge, the thesis argues for integrating the
contagion literacy framework including immune response into science education.
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