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Preface and Introduction

This is a book produced by members of the community of European Researchers in 
Didactics of Biology (ERIDOB), at a time when communication between research-
ers has been severely affected by the COVID-19 pandemic.

Since 1996, researchers in biology education have come together at the biennial 
conference to exchange ideas, research questions, designs, instruments, results, 
interpretations, and conclusions. However, the usual way of face to face communi-
cation at conferences was disrupted by the pandemic, and although colleagues had 
submitted research papers for the conference, the ERIDOB2020 conference never 
happened. So instead, the ERIDOB Academic Committee wanted to provide the 
opportunity for biology education researchers to communicate their research 
through this publication. An invitation was distributed to all the colleagues whose 
papers had been accepted for presentation at the ERIDOB2020 conference, asking 
them to submit full papers for publication in this book.

The submitted papers were double-blind peer reviewed by two anonymous expe-
rienced reviewers, and all ensuing corrections were further reviewed by at least one 
member of the ERIDOB Academic Committee. The result is the present book with 
23 selected papers from 9 countries.

We believe that this edited volume has managed to capture the diversity and 
quality of current biology education research being carried out across Europe 
and beyond.

Today’s challenges faced by humanity highlight the importance of biological 
education for equipping young people with the tools and resources needed to 
become scientifically literate, critical thinkers, and socially responsible citizens, and 
these concerns are highlighted in this book.

Throughout the parts, new chapters on biology education and up-to-date research 
regarding biology topics are presented, with the goal of shedding light on the impor-
tant role of biology education – from addressing critically socio-scientific issues to 
innovative teaching approaches and other emerging topics where further research 
is needed.
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The first group of chapters (Part I: Socio-scientific Issues, Nature of Science and 
Scientific Thinking) focus on socio-scientific issues and nature of science. The first 
chapter is by Ayelet Baram-Tsabari, who had very kindly agreed to be a keynote 
speaker at the conference. Her chapter exactly corresponds to the need to establish 
suitable and efficient ways to communicate science with bigger audiences as a 
necessity to tackle conspiracy theories, fake news, and socially dangerous attitudes 
and behaviours. This chapter explores the complex ways that science literacy sup-
ports people in spotting fake news and misinformation and could help them make 
informed decisions about socio-scientific issues that affect their lives.

The chapter by Blanca Puig and Noa Ageitos highlights the importance of health 
literacy and critical thinking skills in building arguments against the anti- vaccination 
movement.

Julia Holzer and Doris Elster used the psychological theory of planned behaviour 
to develop a teaching unit that could positively influence the intention for stem cell 
donation. The results presented in the chapter show that the teaching unit has been 
effective in raising the awareness of this important health issue.

Andreani Baytelman, Kalypso Iordanou, and Costas Constantinou found that 
grounded scientific knowledge and informed epistemic beliefs do play a role in the 
construction of reasonable arguments on health socio-scientific issues.

The final two chapters of this part deal with aspects of the nature of scientific 
inquiry and the nature of scientific knowledge. The chapter by Corinne Charlotte 
Wacker, Marius Barth, Christoph Stahl, and Kirsten Schlüter presents the results 
from the construction and evaluation of an instrument for assessing biology stu-
dents’ knowledge of the nature of scientific inquiry. The chapter by Marida Ergazaki 
and Aggeliki Laourdeki shows that even elementary school children as young as 7 
years old can improve their knowledge on the nature of science by following a 
learning intervention based on the study of scientists’ biographies.

The second part of the book (Part II: Teaching and Learning in Biology) includes 
eight chapters that evaluate learning interventions and learning environments. Two 
of them examine digital environments.

The chapter by María Napal Fraile, María Isabel Zudaire Ripa, Irantzu Uriz 
Doray, and Lander Calvelhe presents a programme for training teachers in the 
implementation of digital storytelling.

Lars Emmerichs, Meike Mohneke, Sandra Hofhues, and Kirsten Schlüter com-
pare the use of digital mobile technologies in education with the typical ‘paper and 
pencil’ method. Interestingly enough, their results do not show any explicit advan-
tage of either of the two methods in assisting learning gains.

Another comparison between the more contemporary inquiry-based teaching 
with the traditional lecturing is made in Yvette Samaha and Assaad Yammine’s 
chapter, and their findings clearly indicate that the jury is still out over this! Emanuel 
Nestler, Carolin Retzlaff-Fürst, and Jorge Groß highlight, after an experimental 
intervention study, the importance of biology-related quality mentoring for the pro-
fessional training of pre-service biology teachers.

Preface and Introduction
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The next two chapters of this parts assessed specifically designed educational 
proposals. The chapter by Patricia Esteve-Guirao, Isabel Banos-González, and 
Magdalena Valverde evaluates two alternative proposals for teaching genetics to 
tenth graders, while Athanasios Mogias, Eleftheria Peskelidou, and Theodora 
Boubonari used the Ocean Literacy Framework to support vocational students’ 
understanding of marine life.

Johannes Zang and Marcus Hammann report on a trait-specific approach to pro-
mote an understanding of relational causality in the context of genetic education, 
and especially in understanding gene-environment interactions.

Leroy Großmann and Dirk Krüger end this part highlighting the importance of 
taking into account students’ conceptions and misconceptions about biology when 
trainee teachers design their biology lessons.

The third part of the book (Part III: Perceptions of Biology and Biology 
Education) consist of five chapters presenting and discussing students’ views on 
biology, or on various aspects of teaching biology. Annkathrin Wenzel and Norbert 
Grotjohann explore students’ ideas concerning interdisciplinary teaching, while 
Vida Lang and Andrej Šorgo examine how the popularity of secondary school biol-
ogy is connected with biology knowledge and its perceived importance for personal 
well-being.

The chapter by Vanda Janštová, Natálie Tichá, and Petr Novotný examines the 
perception of biological disciplines by upper secondary school students within the 
Czech educational context.

The correlation between students’ conceptions on modelling, scientific reason-
ing, and cognitive abilities is the focus of Maximilian Göhner and Moritz Krell.

Andrej Šorgo and Vida Lang discuss students’ opinions on the advantages and 
disadvantages of various representational tools in teaching biology.

In the next part of the book (Part IV), we have included two chapters dealing with 
the interesting topic of textbook analysis. Both of them refer to Greek textbooks. 
The first one, by Georgios Ampatzidis and Anastasia Armeni, explores the content 
of Greek secondary education textbooks on human reproduction from late nine-
teenth century to present. The second chapter by Akrivi Christidou, Penelope 
Papadopoulou, and Anastasia G. Stamou presents a critical discourse analysis of the 
gene concept, as it is defined and explained in two biology lower high school 
textbooks.

The book ends with two chapters in Part V confirming the close interrelationship 
of biology education with outdoor and environmental education. Richard Sheldrake 
and Michael Reiss present the results of a survey of young children in England on 
their connectedness with nature and their interest in learning about nature.

The chapter by Marianna Kalaitzidaki, Katerina Mantadaki, and Aris 
Tsantiropoulos uses a ‘photovoice’ participatory research method approach in order 
to allow university students to express what they appreciate from their urban 
environment.

Preface and Introduction
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Chapter 1
The Relevancy of Science Education 
to Public Engagement with Science

Ayelet Baram-Tsabari

For the past few decades science education aimed to prepare non-scientists to make 
sense of science1 in their daily lives, to be critical consumers of science information, 
and to make informed decisions about scientific issues (Roberts & Bybee, 2014). 
This goal of inclusive science education for non-scientists is termed “science liter-
acy” (Hurd, 1958). “Science education for all” can be justified if it offers value for 
all rather than just for the minority who will become scientists (Osborne & Dillon, 
2008). What is this value?

The US National Academies’ report Science Literacy: Concepts, Contexts, and 
Consequences (Snow et al., 2016) provides four broad rationales for science liter-
acy. The first is economic, and states that advanced economies require a scientifi-
cally and technologically skilled population to remain competitive in a global 
market. The second is cultural and considers that science is one of the greatest 
achievements of humankind which as part of a liberal education, offers ways to 
understand the world. The third is democratic and recognizes that citizens in a 

1 In accordance with the scope of science education, ‘Science’ refers here to STEM: Science, tech-
nology, engineering, and mathematics. Science includes a body of knowledge (content and theo-
ries), a way of knowing the world (processes and dispositions), as well as aspects of human 
endeavour (relevant institutions and people).

A. Baram-Tsabari (*) 
Faculty of Education in Science and Technology, Technion-Israel Institute of Technology, 
Haifa, Israel
e-mail: ayelet@technion.ac.il

“The wise man’s eyes are in his head, But the fool walks in 
darkness. Yet I myself perceived, That the same event happens 
to them all”

Ecclesiastes 2:14
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democracy participate directly and indirectly in decision-making about science 
related policies (e.g. regulation of technology, allocation of funding), and that 
democracies function better when their citizens are informed. Finally, the personal 
rationale for the importance of science literacy is that it “helps people respond to 
issues and challenges that emerge in their personal and community context” (Snow 
et al., 2016, p. 24), such as deciding whether to vaccinate against COVID-19, buy 
an electric car or use a cell phone in an elevator.

According to this rationale, science and technology are intertwined with the lives 
of people in the twenty-first century, and therefore understanding some science and 
an ability to interact with it helps people make better decisions and engage in 
informed actions that lead to richer and healthier lives. This vision of science educa-
tion corresponds to Robert’s (2007) vision II2 of science literacy which refers to a 
curriculum looking ‘outside of science’ (Roberts & Bybee, 2014) by including 
skills and knowledge that lay people need to have to deal with science in their daily 
lives, such as Ryder’s (2001) ‘functional science literacy’, and Fensham’s idea of 
‘connoisseurs of science’ that emphasize citizens’ capacity to make judgments 
(Fensham, 2015).

The OECD’s framework for internationally testing youth for science literacy 
(Organisation for Economic Co-operation Development [OECD], 2016, p.  18) 
argues that:

Given that knowledge of science and science-based technology contributes significantly to 
individuals’ personal, social, and professional lives, an understanding of science and tech-
nology is thus central to a young person’s “preparedness for life”. (p. 18)

My research in recent years explores this “given”.
Education is ultimately about the transfer of what was learned to relevant con-

texts (Bransford & Schwartz, 1999; Perkins & Salomon, 1988; Sadler & Donnelly, 
2006). However, in their Science paper, Feinstein et al. (2013) bluntly state:

With the exception of modest and isolated gains in conceptual knowledge, it is not clear that 
these campaigns [educational efforts to enhance science literacy] have enhanced people’s 
ability to function in a world where conflicting health advice clutters the Internet, research 
is filtered through political screens, and the media strip context from scientific claims. 
(p. 314)

Aikenhead (2006) tells us that most students tend not to integrate science into 
their everyday thinking, and Rudolph and Horibe (2016) reprimand:

It appears to be a matter of faith among policymakers and researchers that high-quality sci-
ence education…will… result in producing students – and thus citizens – who can success-
fully navigate science-related civic issues as they arise later in their lives. (p. 806)

Although some people are interested in science for its own sake, many engage 
with science in response to situation-specific needs and tend to be interested in 
science only when it supports their goals (Feinstein et al., 2013), and when they see 

2 Vision I of science literacy offers a solid comprehensive foundation of literacy within science 
(Roberts, 2007).
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it as useful in light of their pre-existing commitments and motivations (Feinstein, 
2011). Feinstein proposed that scientifically literate people are competent outsiders 
with respect to science; i.e., people who can recognize the moments when science 
has some bearing on their needs and interests and interact with sources of scientific 
expertise in ways that help them achieve their own goals (Feinstein, 2011; 
Fensham, 2015).

In this context, personal usefulness can be understood as instances where:

…science education can help people solve personally meaningful problems in their lives, 
directly affect their material and social circumstances, shape their behavior, and inform 
their most significant practical and political decisions. (Feinstein, 2011, p. 169)

Personal usefulness can be related to both individual concerns (e.g. losing 
weight) as well as to widespread public concerns involving civic engagement (e.g. 
becoming an environmental activist). The distinctions are used as analytical and 
explanatory tools. Naturally, a personal decision can also be political – think about 
one’s personal choice not to wear a face mask during a pandemic.

I think about usefulness as a form of transfer; i.e. people’s abilities to learn new 
information in knowledge-rich environments and relate their learning to previous 
experiences (Bransford & Schwartz, 1999). Science education becomes valuable if 
people believe it is relevant to their needs, and choose to employ the content (facts, 
principles) and practices (including the importance of evidence and questioning) 
learned in science education to answer novel science-related questions in an effec-
tive manner.

“Science education” usually refers to K-12 formal education, higher educa-
tion, and varied informal learning experiences in designed and everyday set-
tings. In fact, lifelong, self-directed science learning process are dominated by 
out-of-school, free-choice learning experiences (Falk & Dierking, 2012). People 
learn science in non-school settings (Bell et  al., 2009) and develop interests, 
understandings and identity related to science through an accumulation of non-
school experiences (Falk et  al., 2016). But when I am trying to empirically 
relate science education to public engagement with science in adult life, I focus 
mainly on mandatory formal science instruction. The reason is that access to 
informal science education is confined by socioeconomic, cultural, ethnic, his-
torical and systemic factors (Bell et  al., 2009; Dawson, 2017; Feinstein & 
Meshoulam, 2014).

Most lifelong learners in personal (non-professional) contexts pursue knowledge 
in an area of personal interest (Horrigan, 2016), and people who are interested and 
curious about science will be more likely to seek informal science learning oppor-
tunities than those who are not (Falk et al., 2016). The uninterested are not a negli-
gible group. Almost half of all Europeans are not interested in developments in 
science and technology (46%) according to a 2013 Eurobarometer (European 
Commission, 2013), and there is a strong correlation between interest and feeling 
informed (European Commission, 2013). Science education is considered 
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personally useful for all, not just the individuals who are interested.3 Therefore, I 
mainly examine the personal usefulness of mandatory science education to non- 
scientists adults.

1.1  Problematizing Science Literacy

The EU Framework of Science Education for Responsible Citizenship (Hazelkorn 
et al., 2015) identified the main issues involved in

…helping all citizens acquire the necessary knowledge of and about science to participate 
actively and responsibly in, with and for society, successfully throughout their lives. (p. 7)

Its first recommendation is that science education should be an essential compo-
nent of a learning continuum for all, from pre-school to active engaged citizenship. 
Science education is seen in this report as vital to promoting a culture of scientific 
thinking and dispositions, and inspiring citizens to use evidence-based reasoning 
for decision making. In our editorial “Bridging science education and science com-
munication research” (Baram-Tsabari & Osborne, 2015) Osborne and I put forward 
an observation: Science education makes the optimistic assumption that if science 
is taught properly, people who encounter science in their everyday lives can acquire 
the necessary knowledge to reach an informed, scientifically-based decision. 
However, empirical evidence from the field of public engagement with science indi-
cates that people make meaning of the science they encounter in their lives using 
different narratives based on culturally relevant prior knowledge that may or may 
not include science (e.g. Carrion, 2017; Hine, 2012; Laslo et al., 2011; Layton et al., 
1993; Feinstein, 2014).

Science literacy plays out in a social context in that social, cultural, and demo-
graphic differences influence how people engage with science, and what concerns 
and resources they have. People’s own values, interests, and non-scientific knowl-
edge shape their perspective. The weight people attach to underlying scientific vs. 
non-scientific knowledge when making decision is a function of this individual per-
spective (Scharrer et al., 2016).

Science literacy can also be seen as a characteristic of the community with its 
division of cognitive labor (Scharrer et al., 2016), rather than as an individual char-
acteristic. In Feinstein’s (2015) account of the Lippmann-Dewey debate, both 
scholars agreed that the ignorance of individual citizens was an inevitable by- 
product of specialization, and the distracting demands of everyday life. Dewey’s 
(1927) solution to healthy and informed civic participation in democracy was to 
address the level of communities rather than that of individuals in a

3 I adhere to a quote attributed to the Danish physicist Niels Bohr, who was asked why a brilliant 
scientist like himself would nail a horseshow above his door for good luck. He replied “I under-
stand it brings you luck, whether you believe in it or not”.
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…well-functioning community an individual does not need to know about a particular topic 
as long as she is meaningfully connected to someone who does. (Feinstein, 2015, p. 156)

This idea is echoed in writings about adult education that try to create an ‘auton-
omous agent in a collaborative context’ (Mezirow, 1997, p. 8).

To be scientifically literate one needs to have the ability to make thoughtful deci-
sions, which includes a critical assessment of scientific claims (e.g., Kolstø et al., 
2006; Norris & Phillips, 1994; Ryder, 2001), especially in the media (McClune & 
Jarman, 2010). However, Norris (1995), based on Hardwig (1985) argues that non- 
scientists cannot avoid some epistemic dependence4 (Pritchard, 2015) on experts: 
“non-scientists’ belief or disbelief in scientific propositions is not based on direct 
evidence for or against those propositions, but, rather, on reasons for believing or 
disbelieving the scientists who assert them” (p. 206). This epistemic dependence is 
further explained by Bromme (Bromme & Goldman, 2014; Bromme et al., 2010) 
who noted that laypeople frequently have to judge the validity of scientific knowl-
edge claims that are of great relevance to their lives, but they lack the necessary 
epistemic capabilities to make such judgments adequately. Therefore, the ability of 
laypeople to reach informed decisions is usually based not on a first hand evaluation 
of what is true but on a second hand evaluation of “who knows what and whom to 
trust” (Bromme & Goldman, 2014). These and other studies led Bromme and 
Goldman (2014) to argue based on the theory of bounded rationality (Kahneman, 
2003) that the public’s limited understanding of science leads people to make sci-
ence related decisions mostly by using quick heuristics, a phenomenon they called 
a “bounded understanding of science”.

To complicate things even further, when science is popularized and seems easy 
to understand, the ease of processing leads readers to underestimate their depen-
dence on experts (Scharrer et al., 2016). Furthermore, depending on the scientific 
topic, people appear to distinguish between what they judge to be credible and what 
they personally believe to be true (Bromme et al., 2015). It is not clear how much 
school science instruction improves children’s pre-existing reasoning skills to make 
judgments about science expertise (Sandoval et al., 2014). Other studies, however, 
show that competent outsiders are able to make sophisticated judgments about the 
credibility of scientific claims based on cues such as professional reputation, publi-
cation venue, institutional affiliation, and potential conflicts of interest, even when 
they do not understand the technical nuances of experimental designs or laboratory 
techniques (Feinstein et al., 2013).

A potential bridge between public engagement with science scholarship and sci-
ence education goals and methods is research concerning socio-scientific issues 
(SSI), a pedagogical movement consistent with Vision II of science literacy. SSI 
refers to complex, ill structured and controversial social issues that are often value- 
laden with conceptual, procedural, or technological ties to science on which 
competing views are held (Simonneaux, 2008). Features that distinguish them from 

4 The dependence of one’s knowledge on factors outside one’s cognitive agency, e.g. one does not 
possess direct evidence that the Earth circles the sun, but believes so nonetheless.

1 The Relevancy of Science Education to Public Engagement with Science



8

traditional school science are uncertainty and acceptance of different types of 
knowledge, rather than only scientific knowledge (Christensen & Fensham, 2012). 
There is broad support within the science education community for the inclusion of 
decision-making in the context of SSI as an integral component of scientific literacy 
(Sadler & Donnelly, 2006) as well as its evaluation (Allchin, 2011; Romine 
et al., 2017).

1.2  Public Engagement with Science: How Do People Use 
Science Knowledge in Real Life Situations?

On the one hand, there are cases where laypeople have developed science-related 
expertise (Epstein, 1995), use science to become expert consumers and effective 
caregivers or patients (Feinstein, 2014), and participate in scientific research (such 
as citizen science) (Bonney et al., 2016; Golumbic et al., 2020; Lewenstein, 2016). 
An eminent case study (Wynne, 1996) of farmers’ responses to scientific advice 
show laypeople capable of

…extensive informal reflection upon their social relationships towards scientific experts, 
and on the epistemological status of their own local knowledge in relation to science as an 
‘outside’ knowledge. (p. 281)

It also demonstrated how the public uptake of science depends primarily upon 
the trust and credibility public groups place in scientific institutions and representa-
tives (Wynne, 1996).

On the other hand, this literature points to the marginality of science knowledge 
to non-scientists’ decision making. In the foundational study Inarticulate Science 
(Layton et al., 1993), four cases in which laypeople had to cope with science-related 
situations were analyzed. The authors found that in all four cases, participants were 
rarely inclined to frame their challenges in terms of science. The authors concluded 
that in order to become practical, science knowledge needs to be relevant to the 
person concerned, align with personal experience, relate to other social knowledge, 
and derive from a trustworthy source.

In the last 10 years, the internet in general, and social networking sites in particu-
lar, have become a primary source for science and technology related information 
(National Science Board, 2020), discussion and deliberation (Brossard, 2013; 
Brossard & Scheufele, 2013), and a place to go to for advice and emotional, social 
and psychological support (Zillien et  al., 2011). Many of the insights regarding 
public engagement with science are replicated online (e.g. Betten et  al., 2017). 
However, the new media are also characterized by some features that shape the how 
public engagement with science happens (Brossard, 2013; Brossard & Scheufele, 
2013; Peters et al., 2014). The new media landscape is characterized by an abun-
dance of content, interactivity, mobility, and multimediality (Schejter & Tirosh, 
2016). Each of these is a double-edged sword enabling new affordances, while mak-
ing it harder for a non-expert audience to reach an informed science related decision 

A. Baram-Tsabari



9

(Baram-Tsabari & Schejter, 2019), especially in a context where false news spreads 
further and faster than truth (Vosoughi et al., 2018) and science and health commu-
nication is being weaponized for political reasons (Broniatowski et al., 2018).

It is tempting to assume that individuals who do not accept the scientific consen-
sus are anti-science or simply uninformed, but empirical data do not support this 
claim. Studies in the US context have shown that when ideology-related science 
controversies are studied, gaps in opinions are typically larger among individuals 
with more years of formal education (e.g. Kahan et al., 2012). A secondary analysis 
of a large nationally representative US based survey revealed that where religious or 
political polarization existed (stem cell research, the Big Bang, human evolution, 
and climate change), it was greater among individuals with more general education 
and among individuals with greater scientific knowledge, as measured by both sci-
ence course attainment and scores on a science literacy test (Drummond & 
Fischhoff, 2017a).

This phenomenon is typically attributed to motivated reasoning, in which people 
seek, evaluate, interpret, and recall information that supports their beliefs and com-
mitments (Kunda, 1990). Education and specific knowledge of the content area give 
people a more elaborate toolbox to interpret evidence in support of their preferred 
conclusions. Better educated people may be more likely to know when political or 
religious communities have chosen sides on an issue, and hence what they should 
think about it. Finally, educated individuals may also have greater confidence in 
their own knowledge (Drummond & Fischhoff, 2017b).

To conclude with the sobering words of the adult education researcher 
Mezirow (1990):

In reality…we never have complete information, are seldom entirely free from external or 
psychic coercion of some sort, are not always open to unfamiliar and divergent perspec-
tives, may lack the ability to engage in rational and critically reflective argumentation…and 
only sometimes let our conclusions rest on the evidence and on the cogency of the argu-
ments alone. (p. 7)

This depiction is far from the optimistic view that if we teach science well, peo-
ple will make evidenced-based decisions about science related issues.

1.3  The Relevancy of Research in Public Engagement 
with Science to Science Education

The relevance of formal science instruction and its goals to adult life can be illumi-
nated through an examination of public engagement with science from a science 
literacy theoretical perspective. The remainder of the chapter reviews several such 
insights based on our research over the past decade.

 1. Is science knowledge useful for advocacy?
Our study of parents of hearing-impaired children explored their use of science 

knowledge in advocating for their children’s rights (Shauli & Baram-Tsabari, 2019). 
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Hearing impaired child’s potential of integrating into hearing society largely 
depends on developing efficient forms of communication (Most et  al., 2012). 
Achieving that depends to some degree on parental dedication to realizing child’s 
potential. The vast majority of parents (90%) of deaf children are not hearing 
impaired, and have little or no prior science knowledge of audiology (Northern & 
Downs, 2002). Therefore, parents are required to learn vast amounts of new science 
knowledge in the context of hearing impairment in a very short time. We called that 
‘Contextual science knowledge’. Parents also need to speak and act on behalf of 
their child to help address his/her preferences, strengths, and needs (Wolfensberger, 
1977) – this is termed ‘Advocacy’, and we viewed it as a type of personal usefulness.

Shauli and I found that parents sometimes used general science knowledge as a 
background for understanding contextual science terms (e.g. frequency), proce-
dures (e.g. tympanometry) and possible outcomes (e.g. fluid accumulation). A lack 
of general science information hinders this process (e.g. not knowing what sound-
waves are). We then investigated the quantitative interactions between general sci-
entific knowledge, contextual scientific knowledge in the field of hearing, and 
parents’ advocacy knowledge and attitudes. Based on 115 parents’ questionnaires, 
general science knowledge was a predictor of contextual science knowledge, and 
parents who displayed higher contextual scientific knowledge emerged as having 
only slightly better advocacy attitudes and knowledge. The small explained vari-
ance (5.5%) is consistent with previous research on knowledge and the prediction of 
behavior (Ajzen et al., 2011; Kaiser & Fuhrer, 2003). Possibly, our operationaliza-
tion of usefulness was not comprehensive enough to include the range of situations 
in which science knowledge becomes a strong tool for parents. Improved measures 
might reveal a stronger link between context-specific scientific knowledge and prac-
tical real-world outcomes.

 2. Are science education background and knowledge relevant to COVID-19 
decision making?
At the time of writing, we are exploring the transferability of science instruction 

and knowledge to the understanding of and informed decision making in the context 
of the COVID-19 pandemic. In a series of survey-based studies we found very weak 
indications for the support of science education or knowledge in conformity with 
COVID-19 guidelines among diverse groups of sports fans, Ultraorthodox Jews, 
and the general public. Science education was, however, correlated with under-
standing the science underlying COVID-19 and relating health guidelines and with 
the ability of participants to justify their decisions (Baram-Tsabari et  al., 2021; 
Taragin-Zeller et  al., 2020). Similarly, Math education was a strong predictor of 
understanding quantitative information in the news among the general Israeli pub-
lic, but did not affect the decisions people took  – only their ability to justify it 
(Heyd-Metzuyanim et al., 2021). However, findings are not clear cut. Sometimes 
knowledge level increases risk perception and motivation for risk-reducing behav-
ior. Such a connection was recently demonstrated in the context of the understand-
ing of exponential growth and COVID-19 social-distancing regulations (Lammers 
et al., 2020). Indeed, the pandemic is a prime opportunity to study the relevance of 
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science education and science knowledge to adult informed reasoning and decision 
making, and to examine the role of science literacy in real life context.

 3. Is “Engaging in argument from evidence” a realistic goal during social 
media discussions?
In the end of May 2013 traces of the Polio virus were found in the sewage of a 

southern town in Israel. In August parents to young children in Israel were called to 
re-vaccinate their children to Polio (OPV), since the original vaccination protected 
them, but did not prevent them from spreading the virus to risk groups once infected. 
As one can imagine, parents on social media had a lot to say about that, e.g.:

Why should I, as a mother of a daughter who has been vaccinated… have to give her the 
OPV too so… she won’t affect other children who have not been vaccinated… why do I 
need to take responsibility for others?

Our study of Polio vaccination discussions in a Facebook group of parents and 
experts found that although half the items addressed scientific or medical issues as 
their primary topic, most items (96%) did not present any evidence to support their 
arguments. That was also true for the physicians who took part in the discussion. 
Reasoning with evidence did not seem to be a natural part of the online informal 
discussion, even for scientifically literate people, although it mainly revolved 
around science (Orr & Baram-Tsabari, 2018). This raises issues regarding the 
attainability of the learning goal “engaging in argument from evidence” outside the 
classroom.

The medical experts who were involved in the discussions indeed tried to estab-
lish epistemic trustworthiness, competence and to counter misinformation, but 
they also tried hard to establish benevolence while maintaining integrity and clar-
ity. This mix of goals, constrains and considerations did not leave much place for 
using evidence in the online dialogue that was created (Sharon & Baram-
Tsabari, 2020b).

 4. Does a mandatory science curriculum prepare people to follow science in 
the media and discussions in the reader comments section?
Using animals in research is a contested socio-scientific issue. Our analysis 

(Laslo & Baram-Tsabari, 2021) of expressions of science literacy in readers’ com-
ments about online coverage of animal experimentation found that over half of the 
scientific concepts used by the commentators were at the high school or academic 
level, in which science is elective. Thus, in order to participate in the discussion or 
even just follow it passively, members of the public need to learn many new science 
concepts independently. Usually, their teacher is the media. Similarly, Shea (2015) 
found that the knowledge needed to understand news articles about genetics 
exceeds what is expected by the learning progression in school curricula. The find-
ing that the majority of the science concepts introduced by readers and media were 
beyond the compulsory science curriculum level highlights the importance of the 
ability and motivation for independent lifelong learning as an outcome of science 
education.
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 5. Do people who refer more to science knowledge and practices side more 
with the scientific consensus?
Not as much as you might expect. In several of our studies on online authentic 

discussions we found that expressions of science literacy did not necessarily go 
hand-in-hand with the scientific consensus. In fact, scientific knowledge was often 
used to support beliefs that were at odds with the scientific consensus (Asakly et al., 
2016; Dalyot et  al., 2019; Laslo & Baram-Tsabari, 2021; Orr & Baram-Tsabari, 
2018). Knowledge is power, but that includes the power to convince yourself that 
your opinion is supported by evidence and that that your side in right. These find-
ings challenge the ‘deficit model’, which sees scientific illiteracy as the root cause 
of opposition to the scientific consensus.

But can science literacy support people in spotting fake news and misinforma-
tion? That would help people to form an informed opinion on science-related public 
controversies. That depends on which components of science literacy one empha-
sizes. Of the seven components of science literacy identified by the National 
Academies report (Snow et al., 2016), we argue that four are most likely to help 
individuals identify misinformation in everyday life: (1) Understanding of scientific 
practices; (2) Identifying and judging appropriate scientific expertise, (3) Epistemic 
knowledge, and (4) Dispositions and habits of mind, e.g., inquisitiveness and open- 
mindedness. However, apart from scientific practices, these are not the components 
that commonly used in definitions or teaching of science literacy in schools (Sharon 
& Baram-Tsabari, 2020a).

1.4  Concluding Remarks

Science education focuses on K-12 students, higher education, and learning in for-
mal and informal environments. Science communication focuses on interactions 
between the scientific community and other publics and science in society. The two 
domains share the goal of engaging the public in informed discussions on science- 
related issues. However, their evolution as independent academic fields have 
impeded the identification of shared methods and ideas (Baram-Tsabari & Osborne, 
2015). In this chapter I asked – what is the relevance of science education to public 
engagement with science? The main goal of science education in recent decades is 
educating scientifically literate people, who make informed science-based decisions 
in their personal and social lives. However, as I demonstrated, today this is still 
more of a normative statement than supported by evidence. Yet, bridging science 
education and science communication research informs us about the indirect and 
complex ways in which science education supports public engagement with science 
in adult life, and about the relevance of the different goals of formal science 
instruction.
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Chapter 2
Engaging in Argumentation as Critical 
Evaluation of the Anti-vaccination 
Movement

Blanca Puig and Noa Ageitos

2.1  Introduction

Biology education faces many challenges nowadays, some of them related to teach-
ing health controversies presented by the post-truth era, which demands critical 
thinking (CT) and social responsibility. A disconnect between scientific consensus 
and public opinion on topics such as vaccine safety has existed for a number of 
years (Mian & Khan, 2020); however, the health crisis produced by the coronavirus 
disease has triggered a fast spread of misinformation and denial movements, such as 
the anti-vaccination movement, which have been dismissing credible sources of 
information. The anti-vaccination movement is not a new problem; it has had a 
demonstrable impact on vaccination policy, and individual and community health 
(Poland & Jacobson, 2001). However, despite its social impact and potential influ-
ence on health teaching, it has not been deeply explored in teacher training pro-
grammes in our country (Spain). This chapter argues that teacher education needs to 
explore learning experiences and ways of instruction that support health literacy 
through engaging learners in argumentation and CT on socio-scientific issues.

As a construct, health literacy includes the articulation of five core components: 
theoretical knowledge, practical knowledge, CT, self-awareness, and social respon-
sibility (Paakkari & Paakkari, 2012). This study follows this view and understands 
the practice of CT as the articulation of cognitive skills through the practice of 
argumentation (Giri & Paily, 2020). One of the central features in argumentation is 
the development of epistemic criteria for knowledge evaluation (Jiménez-Aleixandre 
& Erduran, 2008), which is a necessary skill to be a critical thinker. When debating 
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a health controversy, participants should consider diverse aspects, including scien-
tific knowledge but also ethical and social aspects. Given the complexity of these 
issues, people are required to use their CT to challenge established ideas, under-
stand new ideas and evaluate multiple perspectives (Jiménez-Aleixandre & Puig, 
2012). In addition to all of these aspects, the advent of the ‘post-truth’ era has high-
lighted new challenges to teaching about health.

This chapter presents a case study developed with a group of primary pre-service 
teachers (PSTs) in the context of teaching health controversies through the use of 
argumentation and decision-making tasks. The study was carried out at during a 
significant moment for teachers and educators in our region, when vaccination was 
established as mandatory for students in kindergarten in all our state schools. Health 
education is part of the curriculum in Primary education in Spain, and among the 
contents teachers at this educational level are expected to introduce are the human 
body and infectious diseases, and ways to prevent and treat them, including vac-
cines. Therefore, it is important to prepare them in this domain. Furthermore, taking 
into account the rise in anti-vaccination movements and the importance of CT 
development from early years, we decided to design a CT activity that engages 
future teachers in the practice of CT along with knowledge application. The research 
aims to extend empirical investigation on health controversies and argumentation in 
PSTs’ training. The main goal is to explore PSTs’ positions regarding vaccination 
and their capacity to critically argue about diverse premises supporting the anti- 
vaccination movement.

2.2  Argumentation and Critical Thinking About 
Health Controversies

It is suggested that argumentation on socio-scientific issues (SSIs) makes biology 
learning meaningful and promotes CT (Puig & Jiménez-Aleixandre, 2011), since 
these issues provide a context where students are expected to make argued deci-
sions and take an active role. CT can be characterized as a self-regulating process 
that judges what to think or do in a particular context (Facione, 1990). Science 
learning has broadly focused on the transmission of knowledge and has paid less 
attention to scientific argumentation (Giri & Paily, 2020). Argumentation is framed 
in this study in the sociocultural perspective, which supports the notion that higher 
thinking processes originate from socially intermediated activities (Erduran & 
Jimenez- Aleixandre, 2012). Scientific argumentation, thus, is considered as a sci-
entific practice that involves the evaluation of knowledge in the light of evidence 
(Jiménez- Aleixandre, 2010). According to Kuhn (2019), we should expand the 
view of thinking to the construct of CT, which means understanding CT as a dia-
logic practice that people enact and thereby become predisposed towards practic-
ing. We see CT as reasonable and independent thinking (Jiménez-Aleixandre & 
Puig, 2012) that entails a set of skills and dispositions, which can be developed 
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through the practice (Facione et al., 2000). Argumentation, understood as the evalu-
ation of claims using evidence (Jiménez-Aleixandre, 2010) is deeply connected 
with this definition of CT. This has educational implications, for example on the 
creation of learning environments and learning activities that promote the develop-
ment of CT. In biology education, socio-scientific contexts such as health contro-
versies could help towards these goals since they engage students in the 
practice of CT.

CT and health literacy are increasing their importance in biology education in the 
post-truth era, as the coronavirus pandemic and denial movements related to its 
origin, prevention and treatment are showing. Critical thinkers of the twenty-first 
century need to question their place in a world where the biggest problems society 
faces continue and demand critical actions and independent thinking. Jiménez- 
Aleixandre et al. (2017) have proposed a characterization of CT that includes two 
main components: one related to deliberate judgement and the other to citizen lit-
eracy. The capacity to develop an independent opinion and challenge social and 
culturally established ideas, and the ability of criticizing and analyzing discourses 
that justify inequality (Fairclough, 1995) are embedded in this view of CT. This is a 
fundamental component of CT, required to be able to make independent and rea-
soned decisions on health issues in the post-truth condition. The propagation of 
‘fake news’ and disinformation, the use of pseudo-therapies and the increasing 
number of opponents to vaccination have become worrying, and are issues that 
should be addressed in teacher training programmes and in biology lessons when 
looking at the topic of health. Biology education should involve the creation of a 
dialogic discourse among members of a class, which goes beyond ‘what we know’ 
and places equal or even more important focus on the teaching and learning of ‘how 
did we come to know’ and ‘why we accept that knowledge over alternatives’ 
(Duschl, 2020). The question is: How we can support our students to be critical 
thinkers in this context?

Despite the wealth of theoretical studies on CT, further research is needed on 
how CT is articulated through the practice of argumentation in biology instruction. 
The CRITHINKEDU project (Dominguez, 2018) in which international experts 
from diverse European countries worked together in the development of an educa-
tional protocol to introduce CT in higher education, provides some useful guide-
lines for teachers. This protocol rests on two main claims (Elen et al., 2019): (1) 
students will develop their CT by explicitly engaging in appropriate learning activi-
ties; (2) becoming stronger in CT requires repeated engagement in CT processes. 
This implies that CT should be practiced continuously in biology education by 
allowing students to think critically and engage in open-ended activities that invite 
students to argue and practice CT skills. Hence, according to Vincent-Lacrin et al. 
(2019), research should focus on the design of learning environments that provide 
opportunities to practice CT without diminishing subject matter, content, and pro-
cedural knowledge. This chapter attends to this view and engages PSTs in the prac-
tice of argumentation and critical evaluation in a task on the anti-vaccination 
movement. A study developed in Spain (Maguregi-González et  al., 2017) has 
revealed that PSTs face diverse problems when dealing with this issue, and 
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experience difficulties applying the model of immunization and putting it into prac-
tice in a CT context.

2.3  Methodology

We have used a qualitative, case study research methodology (Gerring, 2007), and 
we draw from discourse analysis (Gee, 2011) to address the research questions as 
presented below.

2.3.1  Study Context and Instructional Design

The study focuses on the analysis of a task carried out by 39 PSTs taking the 3rd 
course year in a public university in Spain. The subject, related to biology instruc-
tion in primary education, is designed to tackle biology content through the partici-
pation in scientific practice and CT. The first author, who was the teacher of the 
class, led the activity, whereas the second author attended as a passive observant. 
The study was undertaken in a single 90-min session in which data were collected 
from the individual students who were training to be primary teachers. The design 
of the activity draws from a previous one developed and implemented by the authors 
with a group of secondary PSTs (Ageitos & Puig, 2016). It includes three parts, the 
first one being the presentation of a hypothetical real-life situation: the case of a 
3-year old child named Lía, whose parents were interested in enrolling her in a state 
kindergarten despite their decision to stop vaccinating her. Students had to consider 
several pieces of information provided (Lía’s vaccination card, the official vaccina-
tion card and the regulation that states that vaccination is compulsory in our region 
to be enrolled in a state kindergarten), to decide whether or not this girl would be 
able to attend the kindergarten.

In the second part of the task the anti-vaccination movement was introduced. 
First, we asked students if they were familiar with this movement and what they 
knew about it. Secondly, they were presented with five premises that support the 
anti-vaccination movement. The goal was to critically assess and argue about their 
position regarding each premise.

Thirdly, students were provided with the text below, which shows the reasons 
Lía’s parents decided to stop vaccinating their daughter:

We decide on matters of our daughter’s health. Lía already has a lot of vaccines in place, 
and it turns out that we read that vaccines can be dangerous. There are boys and girls who 
have become autistic; it is better for them to pass the disease naturally; as we are using so 
many vaccines, they are becoming less efficient and are making us weaker (…).

Participants were asked to express their own opinion regarding this situation and 
then explain whether they agreed or disagreed with it and justify their positions.
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Lastly, participants were asked to reflect on their knowledge on vaccination and 
about the importance of introducing this topic in primary education and teacher 
training. This article will focus on the analysis of students’ written answers to the 
third part of the task.

2.3.2  Data Collection, Analysis and Coding

Each student’s individual reports (N = 39) were collected and numbered to guaran-
tee their anonymity. Students’ written responses were examined based on the argu-
ments identified and then coded by applying content analysis methods (Lincoln & 
Guba, 1985). Both authors carried out the codification, and discrepancies were dis-
cussed to reach an agreement. Figure 2.1 presents the process of analysis which the 
authors followed to address the two research questions.

The first research question focuses on the identification of the claims provided by 
Lia’s parents and used in students’ written responses. The content of the five claims 
provided by Lía’s parents referred to: (a) free will; (b) dangerousness of vaccines; 
(c) low effectiveness and weakening power; (d) causing autism; (e) go through the 
disease naturally. Besides this identification, content analysis was used to deter-
mine whether students used these claims to support the anti-vaccination movement, 
to go against it or whether they were neutral to the movement.

The second research question focused on the justifications used by students to 
support their own arguments regarding each claim. First, students’ answers were 
segmented into arguments, with the analysis then focusing on the content of the 
justification provided.

2.4  Results

We begin by addressing RQ1, about the claims identified regarding the anti- 
vaccination movement and students’ positions in relation to them. RQ2, relating to 
the justifications used by students to support their arguments, is then tackled.

Fig. 2.1 Data analysis process
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2.4.1  Claims and Positions Regarding 
the Anti-vaccination Movement

The analysis of the first research question is summarized in Fig. 2.2. The five claims 
provided in the task and used by Lía’s parents to support the anti-vaccination move-
ment were identified and included in students’ answers. Most students (32 out of 
39) used at least one of the claims, but none of the students addressed all five claims 
in their written answers. Figure 2.2 shows in different shades of grey the distribution 
of the claims according to their position regarding the anti-vaccination movement. 
Three categories were identified: pro-vaccines, anti-vaccines and neutral. The last 
category included students’ answers that did not show a particular position regard-
ing the anti-vaccination movement.

The analysis shows that the most common claim students’ used in their written 
responses was the ‘dangerousness of vaccines’. It appears in 21 of the responses. 
The next most frequent were ‘vaccines cause autism’ and that it was preferable to 
‘go through the disease naturally’. These appear in a total of 15 responses each. As 
seen in Fig. 2.2, the majority used all the premises to go against the anti-vaccination 
movement (a total of 5 anti-vaccination accounts against 65 pro-vaccination), 
although two premises (‘free will’ and ‘go through the disease naturally’) were used 
in favour by a big proportion. Examples of students assessing the five premises 
showing their position to the vaccination movement (in favour or against) are pre-
sented below.

Free Will A total of 12 students referred to this claim in their written answers. Most 
of them (9) to support the pro-vaccination movement, and three against it.

A26: (…) They have the right to make decisions about their daughter.
In the example, student 26 is supporting the anti-vaccination movement by 

agreeing with the fact that there should be free will.
A7: To begin with, the statement that “they decide on their daughter’s health” 
is not at all appropriate, first because they lack (I suppose) appropriate knowledge, 
and second because they could neither morally nor legally make a decision against 
their daughter’s health.

Fig. 2.2 The most often used claims to argue about the anti-vaccination movement
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This student shows a disagreement regarding the free will premise provided by 
Lía’s parents. He provides two reasons against it: one related to knowledge and the 
other to ethical aspects. This answer can be positioned against the anti-vaccination 
movement.

Dangerousness of Vaccines This is the most common premise used by students. 
Most of them (19 out of 21) mentioned it to support the use of vaccines. Only one 
student was against it and another one showed a neutral position.

A3: Vaccines are not dangerous; in fact, they pretend that the organism is ready 
against diseases and issues.
A1: There may be some case in which it [a vaccine] has produced some 
side effect.

Student A1 acknowledges that side effects are possible when getting a vaccine. 
He seems to support the premise, despite presenting a mild argument.

Efficiency of Vaccines This is a less common claim used, appearing a total of ten 
times supporting vaccination and one time not supporting or arguing against it.

A38: Maybe vaccines are becoming less efficient, I don’t know, but I think that if 
it were true it would be because our immune system is stronger rather than abusing 
vaccines.

This student acknowledged his/her lack of knowledge on the subject. However, 
he/she seems to have a position against the anti-vaccination movement by relating 
the supposed reduced efficiency to the role of our immune system instead of the 
overuse of vaccines.
A18: The last argument refers to the effectiveness of vaccines, again based on 
beliefs and no kind of verification.

In this case, the student identified the premise as a social belief and made refer-
ence to the lack of evidence behind it.

Vaccines Cause Autism A total of 15 students used this premise in their answers, 
being the only claim used to support vaccination in all the responses.

A5: A child cannot “turn into” autistic, a child is born being autistic, it has 
nothing to do with vaccines.

This student rejected the premise, pointing to the genetic origin of the disease.

Go Through the Disease Naturally 15 students refer to this claim.

A6: I would only agree with Lía’s parents in going through the disease natu-
rally in cases of mild and short diseases.

This student agreed with the claim, however, with certain caveats. He seems to 
be in favour of going through a disease depending on the effects of the disease; this 
would imply a certain level of support of the anti-vaccination movement related to 
this issue.

2 Engaging in Argumentation as Critical Evaluation of the Anti-vaccination Movement



26

A11: In addition, in the last lines they say that it is better to pass the disease 
naturally, but this decision does not only involve her daughter; the fact that Lía is 
not vaccinated can cause the people around her to become infected.

Student A11 was opposed to this claim, and argued his/her position on the role of 
vaccination in providing herd immunity and social protection.

It is important to note that some students used one premise to support the 
anti- vaccination movement and another to support the pro-vaccination 
movement. However, as the results in this section show, most students are 
against the anti- vaccination movement and references agreeing with it 
were scarce.

2.4.2  Justifications Presented by Students to Support 
Arguments Against or in Favour of Vaccination

Regarding the second research question, two main categories of justifications 
emerged from the content analysis applied to students’ individual arguments: infor-
mation provided and usefulness of vaccination. A description is provided below 
including examples of students’ arguments.

1. Information provided: this category includes justifications related to the infor-
mation and/or data behind the anti-vaccination arguments. It can be divided into 
two subcategories, as described below.

1a) Lack of information/data: this includes justifications that make reference to 
the lack of data behind Lía’s parents’ arguments. It is quite frequent, appearing 
in 18 students’ responses. Examples are provided below.

A4: I understand that they are afraid, but they should inform themselves better 
about the topic, because they are wrong.
A5: I don’t agree because they don’t talk about the data (…) needed to support 
themselves.

1b) Source of information: this category includes students’ justifications that point 
to the source of information behind Lia’s parents’ arguments. It appears a total of 
14 times in students’ answers.

A10: If we knew the source, we could assess its reliability. If our arguments were 
based on sources without scientific rigor, we would not have an objective and rea-
soned opinion.
A11: Lía’s parents argue that they read that vaccines can be dangerous, but it 
would be important to know where they read it, as many times we accept the first 
information we read and we don’t go any further. We don’t check the reliability of 
the source or that the information provided has been contradicted.
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These students pointed to the importance of knowing the source of information 
in order to assess its validity.

2. Usefulness of vaccines: this category embodies students’ responses about the 
benefits of vaccination in the population. It appears a total of 18 times.

A16: Vaccines are important for child health; non-vaccinated children can get 
serious diseases.
A11: The fact that Lía is not vaccinated can cause people around her to get 
infected. Thus, this decision would have consequences.

Student 11 explained how one person failing to get vaccinated could compromise 
other people in the community.

2.5  Discussion and Conclusions

Argumentation is a prominent topic in biology education research on SSIs. However, 
teacher training and our educational system need to pay further attention to how to 
develop CT through the practice of argumentation in contexts that are particularly 
relevant nowadays, such as the anti-vaccination movement. The term ‘vaccine hesi-
tancy’ is increasingly used to describe the spread of such vaccine reluctance (Peretti- 
Watel et al., 2015). It is an approach to the issues raised by vaccination which is 
more acute than the opposition between pro and anti-vaccination (e.g. Johnson 
et al., 2020; Peretti-Watel et al., 2015). This study follows the view of these authors, 
who indicate that vaccine hesitancy is a feature attributed to large and heteroge-
neous groups of people who share varying degrees and reasons of indecision and 
who hold an intermediate position along a continuum ranging from full support for 
vaccination to strong opposition to any vaccine. The findings of our study show that 
this group of PSTs were able to identify different premises related to the anti- 
vaccination movement and discuss them. As Atwell and Salmon (2014) point out, it 
is difficult to label a person as pro-vaccination or anti-vaccination. The analysis of 
the discussion related to each premise revealed that some students showed different 
positions (against or in favour of vaccines) when they assessed the different prem-
ises. For instance, some students argued against vaccination on the basis of free 
will/choice but were pro-vaccination when they assessed the premise about vac-
cines causing autism. All in all, the participants in this study are closer to the pro- 
vaccination movement.

As the results of the second research question show, most participants were able 
to justify their answers when assessing the premises. The most frequent justifica-
tions were related, on the one hand, to the information used, and on the other hand, 
to the usefulness of vaccines and vaccination. A proportion of students identified the 
lack of information supporting Lia’s parents’ premises, but also pointed to the need 
for reliable information, such as consulting experts. Similar results have been previ-
ously reported in other literature in this context, such as Navarro Alonso et  al.’s 
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(2001) research that shows how Spanish families acknowledge pediatricians as 
experts to be consulted in health topics such as vaccination. This contrasts with a 
later investigation that shows how one out of four pediatric professionals express 
doubts about including some vaccines in the official immunization schedule (Picchio 
et al., 2019). Students not only acknowledge the lack of information, but also, as for 
instance student A38, their own limitations and lack of information on the subject, 
which can be related to the CT skill of ‘self-regulation’ (Facione et al., 2000). This 
CT skill is defined by these authors as self-consciously monitoring one’s cognitive 
activities. In this case this refers to the knowledge or information required to assess 
the claims that support the anti-vaccination movement.

We are aware that these results present some limitations. The findings should not 
be generalized, as this is a case study and cannot be completely replicated else-
where. Moreover, the academic context may influence students’ answers, and the 
choice of the premises presented in the task may not cover all the information 
related to the anti-vaccination movement. However, the study has provided evi-
dence regarding how to engage PSTs in CT through the practice of argumentation. 
This chapter seeks to contribute to debates around how to equip teachers to foster 
the development of CT in their students. We think that educating good critical think-
ers is more than training teachers and students to put into practice a set of cognitive 
skills, and that it should involve modelling how to critically evaluate socio-scientific 
information, which has implications in teacher training programmes on argumenta-
tion in biology education.
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Chapter 3
Theory of Planned Behavior in the Context 
of Stem Cell Donation

Julia Holzer and Doris Elster

3.1  Introduction

Leukaemia is diagnosed in approximately 13,000 German citizens every year 
(Robert Koch Institute, 2016). Stem cell transplantation represents a curative treat-
ment of leukemia, but the demand for new donors is still very high. In about 20% of 
the cases no suitable match between donor and leukemia patients is found. Therefore, 
this study tries to raise the awareness of this health issue and inform young people 
about stem cell donation so that they are able to make a well-founded decision 
regarding registration as stem cell donors in the future as young adults.

Based on the Theory of Planned Behaviour (Ajzen, 2005) the teaching unit 
“Wake up – Sensitization of young people for stem cell donation” is set up and 
conducted with students of the upper secondary level. The overarching goal of this 
study is to gain a better understanding how different predictive factors, as well as the 
adolescents’ intention for or against stem cell donation, can be influenced by the 
teaching unit.

3.2  Theoretical Frame

The Theory of Planned Behaviour (TPB) by Ajzen (2005) helps to understand vari-
ables that determine behaviour and defines intention as an indicator of how strongly 
an individual is willing to carry out a certain behaviour. It is assumed that the 
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stronger or more positive the intention is in relation to the behaviour, the more likely 
it is that the behaviour will actually be carried out. Initially, TPB emerged from the 
TRA (The Theory of Reasoned Action), where intention was determined by only 
two factors, namely attitudes (ATT) and the subjective norm (SN). In the TPB, in 
addition to the two determinants mentioned above, a third factor is added, that is, 
perceived behaviour control (PBC). ATT shows how positively or negatively a per-
son evaluates a certain behaviour. The SN describes the subjectively perceived 
social environmental pressure that an individual feels when performing or refrain-
ing from an action. PBC shows how easy or how difficult it is for an individual to 
carry out a given behaviour. In summary, the intention to perform a particular 
behaviour is more likely to be achieved the more positively a person evaluates a 
behaviour and believes that other people will welcome it if they perform it, as well 
as if they have a high level of control over their own behavioural performance 
(Ajzen, 1991).

The three predictors of intention (ATT, SN, PBC) are determined by beliefs, 
namely behavioural, normative and control beliefs (Fig. 3.1) (Ajzen, 2005). The 
beliefs represent the cognitive basis of TPB. The behaviour-related beliefs represent 
likelihoods of occurrence (expectations) of possible behavioural outcomes. The 
behavioural beliefs are weighted by the ratings of the particular behavioural conse-
quence by multiplying the probability of occurrence of a consequence by its (posi-
tive/negative) rating (evaluation). The final attitude towards the questioned behaviour 
results from the sum of all relevant behavioural beliefs-evaluation products (Ajzen, 
1991; Ajzen & Fishbein, 2002). A person who is convinced that the performance of 
the behaviour is highly likely to lead to positive consequences shows a more posi-
tive attitude towards the performance of such behaviour than, for example, a person 
who is highly likely to associate the negative consequences with the performance of 
the behaviour (Ajzen, 1991).

Similarly, the subjective norm and perceived behaviour control are derived from 
beliefs. With regard to normative beliefs, however, it should be noted that these 
represent a person’s perception of the extent to which their relevant reference 

Fig. 3.1 Theory of planned behaviour. (Ajzen, 2005; Modified by authors)
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persons would welcome or reject the performance of the behaviour. In order for 
normative beliefs to have behavioural effect, the person must also assess the extent 
to which he or she wishes to comply with the expectations of the relevant reference 
persons (motivation to comply) (Eagly & Chaiken, 1993).

Control beliefs include all the resources (abilities, skills, willpower, information) 
that a person has for the performance of behaviour, as well as the existing restric-
tions that prevent the performance of actions (Ajzen, 2008). Many external factors, 
such as time, opportunity to carry out the action, potential situational obstacles or 
dependence on other people, which may favour the execution of the behaviour, can 
have a restrictive effect. All these beliefs determine the perceived behaviour control. 
In general, the higher the normative beliefs, control beliefs and attitude-related 
beliefs, the more likely is it that the behaviour in question will actually be carried 
out by the person (Ajzen, 2008).

Fishbein and Ajzen (1975) initially assumed that all predictors not included in 
the theory (TRA) only have an indirect effect on behaviour by influencing attitude 
or subjective norm. Many studies have strongly questioned this based on their 
research. Finally, in 1991 Ajzen agreed that it can make sense to include other fac-
tors in the theory if they contribute to the variance explanation of intention or behav-
iour independently of the three predictors already included. Research studies 
demonstrate that different model external factors, such as content knowledge 
(Bednall et al., 2013), moral obligation (Armitage & Conner, 2001), moral reason-
ing (Rushton, 1980) and empathy (Oliner & Oliner, 1988), may increase the predic-
tive power of the TPB model. Therefore, these factors are inserted in our “extended 
TPB research model” which is the basis of this study.

According to Ajzen (1991), personal norms express the feeling of responsibility 
and duty to carry out a behaviour. Schwartz (1977) assumes that the perception of a 
distress (for example of another person) activates the “moral and value system” of 
the observer. In this process, people act in concrete situations based on the values 
and norms they consider appropriate. Personal norms derived in this way ultimately 
generate a sense of moral obligation (Schwartz & Howard, 1981) that motivates 
behaviour (Schwartz, 1977; Schwartz & Howard, 1981).

In short, moral reasoning summarizes the evaluation and processes in which a 
certain behaviour is assessed as morally correct. In this process, decisions on action 
are made on the basis of moral reasoning (Richardson, 2018). External moral stan-
dards play an important role here, i.e. the persons or their decisions are based on 
what is expected of them in view of moral standards. Empathy expresses the percep-
tion and ability to experience the need or suffering of another person. The observer 
feels an emotional arousal, which is called empathy (Schwartz, 1977).

And finally, this study looks at knowledge. Kaiser and Frick (2002) distinguish 
between three forms of knowledge, namely system knowledge, action-related 
knowledge and effectiveness knowledge. All three types of knowledge or some com-
binations of them can have a predictive effect on behaviour. Even if the distinction 
between the three dimensions of knowledge could not always be empirically con-
firmed (Kaiser & Frick, 2002) – which this study also showed – the differentiation 
on the theoretical level still seems to make sense: the differentiation of knowledge 
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increases the degree of specificity in knowledge. System knowledge is described by 
Frick et al. (2004) in the context of ecological behaviour as knowledge about the 
dynamics of (eco)-systems and knowledge about (environmental) problems. Action- 
related knowledge includes knowledge about possible options for action and pro-
vides an assessment of whether corresponding actions can be taken and what “costs” 
they entail (Frick et al., 2004). The effectiveness knowledge indicates how effective 
an option for action can be and whether it is ultimately worthwhile to bear the costs 
associated with taking action. Therefore, effectiveness knowledge describes the 
potential of a particular action or the relative potential of different actions (Kaiser & 
Frick, 2002).

3.3  Research Questions and Method

The main objective of this study is to examine the impact of the intervention on the 
components of the extended TPB model. Internal factors, namely ATT, SN and PBC 
are considered as well as external factors, namely content knowledge, moral obliga-
tion and moral reasoning. The following research question was formulated:

To what extent do the internal and external TPB constructs change after participation in the 
intervention “Wake up”?

3.3.1  Methodology

A total of 263 students (age ø: 16.78; N = 162♀/N = 101 ♂) participated in the 
“Wake up” intervention and filled in a questionnaire (pre-post design). [In addition, 
68 students who had not participated in the intervention were surveyed as a control 
group. The results of this survey can be requested from authors.] The scientific 
investigation at public schools (investigation on students) in the federal state of 
Bremen (Germany) was examined and approved in accordance with §13 of the 
Bremen School Data Protection Act (§13 Bremisches Schuldatenschutzgesetz). All 
students and their parents who agreed to participate in the research study had been 
informed about §13 and had signed a consent form, where, among other aspects, the 
objectives of the study were explained to the respondents. The collected data were 
processed in anonymous form in the present study.

For data analysis in SPSS mainly t-tests were performed. Belief-based-attitude is 
derived from the product of the perceived likelihood of outcomes (outcome beliefs) 
and the evaluation of those outcomes (evaluations). The same procedure is used to 
form multiplicative assumptions of belief-based subjective norm as well as for 
belief-based perceived behavioral control. Finally, we summed up the products of 
each construct and used the means for further statistical tests.
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Based on the results of the factor analysis, this study distinguishes between two 
types of positive and negative belief-based attitudes. Also the PBC is examined in 
the form of two factors, i.e. PBC-IF, which reflects the internal factors such as fears 
of needles and blood, and PBC-EF, which covers the external factors such as aware-
ness of opportunity, time taking and others. Considering the model external factors, 
the content knowledge, which was conducted with 8 questions, and moral obliga-
tion were developed by the authors, whereby the formulation of moral obligation 
was strongly oriented on the recommendations of Schwarz (1977). For organiza-
tional reasons, however, only the system knowledge and action-related knowledge 
could be operationalized in this study. The results of the factor analysis failed to 

Table 3.1 TPB-factors and model external factors

Factor (number of items) Example
Post- 
test α

Attitudea (5) How do you personally feel about actually registering as a 
stem cell donor in the foreseeable future?

.873

Subjective norma (3) Most people who are important to me think that I should 
register as a stem cell donor for leukemia patients within the 
forseeable future.

.869

Perceived behavioral 
controla (5)

How difficult do you think it is for people your age to 
register as stem cell donors?

.840

Belief based-(positive) 
attitudeb (4)

Saving a life by donating stem cells, I think... .834

Belief based-(negative) 
attitudeb (5)

The danger of contracting leukaemia oneself when 
donating, I think...

.757

Belief-based subjective 
normb (4)

If you think of your parents, how important/unimportant is 
it to you to meet their expectations regarding your 
registration as a stem cell donor?

.912

Belief-based perceived 
behavioral control-(IF)b 
(2)

For registration as a stem cell donor for leukaemia patients 
in the foreseeable future, my fear of needles is…

.862

Belief-based perceived 
behavioral control-(EF)b 
(5)

For the registration as a stem cell donor for leukaemia 
patients in the foreseeable future, the availability of an 
opportunity to do so is...

.762

Intention (2) I think that I will register as a stem cell donor in the near 
future.

.967

Moral obligation (4) I feel morally responsible to support leukemia patients by 
registration as a potential stem cell donor.

.917

Moral reasoning (5) I choose a course of action that considers the rights of all 
people involved.

.840

Empathy (5) I sometimes find it difficult to see things from the other 
person’s point of view.

.573

Content knowledge (8) Stem cells are ordinary body cells, that do not pass on their 
genetic material to the next generation.

.526

aDirect measurement of attitude, subjective norm and perceived behavioural control; bIndirect mea-
surement of attitude, subjective norm and perceived behavioural control; only α –coefficients of 
the evaluation component are presented
Abbreviation: IF internal factors, EF external factors
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demonstrate two dimensions of knowledge, so that knowledge is considered as a 
one-dimensional construct here. The items selected for measuring empathy and 
moral reasoning come from the standardized Prosocial Personality Battery (Penner, 
2002). An overview about scales (factors), item numbers and Cronbach’s α values 
of the questionnaire is given in Table 3.1.

3.3.2  Teaching Unit “Wake Up”

Based on the extended TPB model (Fig. 3.1), the 5-h teaching unit “Wake up” was 
developed. The teaching intervention “Wake up” is divided into three teaching 
phases (introduction, elaboration [different activities at four stations] and evalua-
tion; see Table 3.2), whereby in each phase not only the topic “Leukemia and stem 
cell donation” is examined in depth, but also constructs of the research model are 
promoted and deepened by carrying out different tasks. It addresses many beliefs 

Table 3.2 Teaching unit “wake up”

Lecture phase Topics

Reference to the 
constructs of the 
research model

Introductory phase 
(approx. 30 min)

Interactive 
introduction:
“Stem cells are 
special cells!”
Jonas tells his story

Blood formation
Stem cells
The role of stem cells in 
medicine and scientific 
research

Cognitive level of 
TPB (beliefs)
Knowledge
Empathy
Moral reasoning

Elaboration phase: 
learning at different 
stations (approx. 
140 min.)

Station 1: What is 
leukemia?

Forms of leukemia, causes & 
consequences of leukaemia: 
Analyze and evaluation of 
genetic aberration

Cognitive level of 
TPB (beliefs)
Knowledge
Empathy
Moral reasoning
Moral obligation

Station 2: What the 
blood tells us?

Analyze and evaluation of 
blood

Station 3: Stem cell 
donation – what 
reveals behind it?

Accessible sources of adult 
stem cells in humans
Types of transplants
Side effects and risks

Station 4: From 
HLA-typing to 
transplantation

Understanding of 
HLA-typing
Important steps before stem 
cell transplantation

Evaluation phase 
(approx. 40 min.)

Working in groups: 
Evaluation, 
discussion

Different opinions about 
stem cell donation

Cognitive level of 
TPB (beliefs)
Knowledge
Empathy
Moral reasoning
Moral obligation

The teaching intervention has a duration of about 5  h (including pre- and post-tests as well 
as breaks)
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and misconceptions that are linked to the topic of stem cell donation and leukemia, 
whereby the content knowledge is continuously built up and elaborated. In this way, 
the reflection processes regarding stem cell donation are stimulated, whereby there 
is also time for the clarification and discussion of new and old misconceptions 
regarding the topic.

3.4  Findings

Table 3.3 presents significant changes of factors of the TPB model and in model 
external factors. ATT, SN as well as PBC increase significantly. The items of belief 
based-negative-attitude were “reversed” before the data analysis, so that the increase 
in this scale can be interpreted as its decrease. Belief based-negative-attitude in 
particular has decreased significantly after the intervention, while belief based- 
positive- attitude shows no significant change. Negative attitudes include fears and 
mistrust regarding stem cell donation, whereby positive attitudes express positive 
consequences and evaluations of donation, e.g. stem cell donation is described as a 
good deed, it can save lives or it describes reciprocity (“I would appreciate a stem 
cell donation if I needed one.”). Also belief based-perceived behavioural control 
(external factors), which measure external resources such as availability of time or 
support of others, increases significantly after intervention. Furthermore the inten-
tion to register as a stem cell donor changes significant from a negative (M = 3.5) to 

Table 3.3 Results of the t-tests (pre-post)

Factors
M 
(pre)

SD 
(pre)

M 
(post)

SD 
(post) N T p

Cohen’s 
d

ATTa 5.18 .95 5.79 .92 263 −11.479 .000 .652
SNa 4.79 .98 4.99 1.14 263 −3.993 .000 .181
PBCa 4.35 1.05 4.77 1.25 263 −6.947 .000 .358
Belief based-(positive) 
attitudeb

42.95 6.27 42.81 7.24 262 .425 .671 –

Belief based-(negative) 
attitudeb

23.63 9.26 31.38 9.58 263 −13.994 .000 .822

Belief based-subjective 
normb

20.86 8.73 21.55 9.75 262 −1.822 .070 –

Belief based-perceived 
behavioral control-(IF)b

21.19 13.71 20.56 12.95 262 .812 .417 –

Belief based-perceived 
behavioral control-(EF)b

25.39 9.13 27.24 10.07 263 −4.197 .000 .191

Intention 3.50 1.66 4.52 1.60 263 −13.926 .000 .620
Moral obligation 4,84 1.28 5.32 1.30 263 −7.888 .000 .369
Moral reasoning 5,07 .94 5.39 .87 263 −7.213 .000 .352

aDirect measurement; bIndirect measurement of attitude, subjective norm and perceived behav-
ioural control
Abbreviation: IF internal factors, EF external factors
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a more positive (M = 4.52) intention. Model external factors such as moral obliga-
tion as well as moral reasoning show a significant increase after intervention. Also, 
the factor content knowledge shows a positive and significant change in post-test 
(Wilcoxon-Test: pre: M = 12.92/SD = 4.69; post M = 21.49/SD = 2.14; Z = −13.792; 
p = .000; effect size r = .602).

This study examined not only summarized belief-based TPB measures, but 
also single beliefs. Below, beliefs of belief-based (negative) attitude and control 
beliefs are examined in more detail (Tables 3.4 and 3.5), as their combined con-
structs also showed significant changes (Table 3.3). All negative attitude-related 
beliefs are significantly reduced after the intervention (Table  3.4). The belief 
that leukemia is contagious (M  =  29.98pre/44.22post; p  =  .000; d  =  1.102) 
becomes most positive after the intervention. Also the fear of pain (A4) decreases 
significantly after the intervention, but only with a small effect size d  =  .298 
(=small effect). The fear of fainting (A6) also decreases significantly after the 
intervention. Here, the effect size d = .175 according to Cohen (1988) is inter-
preted as no effect. While the beliefs “harm to health” (A5) 
(M = 22.12pre/31.95post; p = .000; d = .731) and “distrust in medical system” 
(A9) (M  =  24.99pre/33.41post; p  =  .000: d  =  .611) are reduced with a mean 
effect size after the intervention.

Finally, when control beliefs are examined, it can be summarized that some of 
these beliefs increase significantly after the teaching intervention. Here, the belief 
“low level of knowledge” rises the most from 12.34 to 31.07, which also has a large 
effect size (d = .1600) (Table 3.5). This conviction was also “reversed” before the 
data analysis, whereby the increase in “low level of knowledge” is interpreted as an 
increase in knowledge. The conviction PBC4 (“I would register as a stem cell donor 
if important people would accompany me to the registration campaign.”) increases 
(M = 27.07pre/28.84post) slightly in post-test with an effect size d = .134, which is 
interpreted as no effect according to Cohen (1988). Other control beliefs (PBC6; 
PBC7; PBC8) increase only with low effect sizes, which according to Cohen (1988) 

Table 3.4 T-test results (pre-post) for negative attitude-related beliefs

Items N M SD T df
Sig. 
(2-tailed)

Cohen’s 
d

Leukemia is contagious A2 Pre 263 29.98 14.85 −13.9 262 .000 1.102
Post 44.22 10.46

Fear of pain A4 Pre 263 19.43 13.06 −4.899 262 .000 .298
Post 23.62 14.88

Harm to health A5 Pre 263 22.12 12.21 −10.85 262 .000 .731
Post 31.95 14.46

Fear of fainting A6 Pre 263 21.62 12.61 −3.112 262 .002 .175
Post 23.99 14.32

Distrust in medical 
system

A9 Pre 263 24.99 13.72 −10.17 262 .000 .611
Post 33.41 13.84

All items were reversed before product formation. Each belief is derived from a multiplication 
term [1 item (expectation) × 1 item (evaluation component) = product term of the belief]
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are interpreted as small effects (Table 3.5). Here also the conviction PBC8 is nega-
tively operationalized, so that also here the increase is to be understood as its reduc-
tion. In addition it should be noted that some control beliefs (Table  3.5: PBC1; 
PBC2; PBC3) become even negative after the five-hour teaching intervention, even 
if these observations are not significant.

3.5  Discussion

The global constructs of intention, namely ATT, SN and PBC, increase significantly 
after the intervention, even if no effect is attributed to SN according to Cohen (1988) 
(Table 3.3). The intention also increases significantly in the post-test. This shows 
that the intervention effectively promotes the TPB constructs. The positive effect of 
the intervention is also evident in belief-based TPB measures. Overall, individual 
positive attitude-related beliefs, such as “I want to do a good deed”, “saving a life” 
or “help” are already highly pronounced in the pre-test (Table 3.3), so no significant 
increases were observed after the intervention. In the study by Glasgow and Bello 

Table 3.5 T-test results (pre-post) for control beliefs

Items N M SD T df
Sig. 
(2-tailed)

Cohen’s 
d

Perceived inappropriate 
state of health

PBC1 Pre 263 25.94 13.92 0.299 262 .765 –
Post 263 25.64 15.74

Fear of needles PBC2 Pre 262 19.56 14.56 0.89 261 .374 –
Post 262 18.82 13.63

Fear of blood PBC3 Pre 263 22.92 15.05 0.769 262 .443 –
Post 263 22.25 14.27

Support of the most 
important persons: 
Accompany to the 
registration campaign

PBC4 Pre 263 27.07 13.02 −2.569 262 .011 .134
Post 263 28.84 13.30

Low level of knowledge PBC5 Pre 263 12.34 9.89 −19.133 262 .000 1.60
Post 263 31.07 13.23

Help despite the effort PBC6 Pre 263 25.06 11.98 −3.921 262 .000 .205
Post 263 27.71 13.61

Awareness of opportunity PBC7 Pre 263 22.46 11.99 −3.821 262 .000 .207
Post 263 25.06 13.12

Time consuming PBC8 Pre 263 21.89 9.79 −2.921 262 .004 .206
Post 263 24.12 11.67

Support of family and 
friends: Accompany to 
the registration campaign

PBC9 Pre 263 30.36 12.32 −0.134 262 .894 –
Post 263 30.45 13.74

All items were reversed before product formation. Each belief is derived from a multiplication 
term [1 item (expectation) × 1 item (evaluation component) = product term of the belief]
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(2007), the beliefs “helping another person” and “saving a life” were also cited by 
respondents as leading reasons for registration as a stem cell donor.

All operationalised negative attitude-related beliefs decrease after the interven-
tion (Table 3.4) that reflects a positive impact of the teaching unit “Wake up”. The 
greatest decrease is observed in the conviction that “leukemia is contagious” and in 
“harm to health” followed by “distrust in medical system” (Table 3.4). According to 
this, students, for example, associate the donation of stem cells after the interven-
tion less harmful to their health or that they may develop leukemia as a result of the 
donation. Overall, their confidence in the bone marrow donation system also 
increases. After the intervention, the participants also perceive less fear of pain and 
they associate the stem cell donation less with the fear of feeling faint.

Regarding the control beliefs, it can be summarized that after the intervention the 
students have a higher level of knowledge about stem cell donation and leukaemia, 
they perceive the process of stem cell donation as less time consuming, they take 
more opportunities for a possible donation and they are more willing to become 
donors despite the effort. The teaching unit can positively influence not only beliefs 
and direct measured ATT, SN and PBC, but also moral obligation and moral rea-
soning as well as content knowledge.

In this study, on the one hand, beliefs are considered which reflect structural 
conditions (PBC4 and PBC9: social support; PBC7 awareness of opportunity; 
PBC8: time-consuming) and, on the other hand, beliefs which reflect the (negative) 
consequences of donation (A2: leukemia is contagious; A4: fear of pain; A5: harm 
to health; A6: fear of fainting; PBC1: perceived inappropriate state of health). In 
addition, beliefs that reflect fears about the donation process are also examined 
(PBC2 and PBC3: fear of needles and blood). In particular, beliefs about the conse-
quences of donation were more strongly promoted in the intervention than beliefs 
that reflect structural conditions. Fears about the donation process remain unchanged 
after the intervention. For further studies it is recommended, to test different meth-
ods that can successfully reduce these fears.

From the literature research in context of blood studies many useful methods can 
be identified, which can be adopted in context of stem cell donation. Ferguson et al. 
(2007) suggests that campaigns should focus more on the donors themselves and 
highlight positive consequences and experiences of donation to counteract negative 
perceptions and fears. For example, potential donors could be assured that current 
donors do not feel nervous and tense before or after giving blood. Donor reports can 
be useful for this purpose. While the fear of blood is difficult to overcome, the fear 
of needles can be counteracted with active exercises. In order to change “fear of 
needles”, the “pinching method” can be demonstrated to the participants as a desen-
sitisation technique. They can be asked to pinch themselves, appealing to the fact 
that a pinch of a needle hurts less than a pinch. This method was also tested in the 
blood donation study by Ortberg et al. (2002). In addition to fears about blood and 
needles, the literature cites fear of fainting as a major reason why blood donors are 
more likely not to donate (France et al., 2005; Bednall et al., 2013). From this study 
it becomes clear that the “fear of fainting” decreases significantly among the respon-
dents, but with a low effect size (Table 3.4). The study by France and France (2019) 
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shows that the “feeling of fainting” or perceived fainting in the context of blood 
donation is overestimated by respondents and does not correspond to actual reality, 
calling for education about the low risk of fainting and fainting reactions. France 
and France (2019) also conclude that the subjects should learn to perceive the feel-
ing of fainting as a physiological and short-term reaction to blood sedimentation 
and thus as benign rather than something pathological associated with the loss of 
control. However, for a greater and more lasting change in anxiety and fears, the 
potential donor may need to develop a greater sense of control or confidence in their 
own ability to avert and/or deal with such reactions. The teaching of overcoming 
expected affective or physiological reactions (e.g. through hydration, applied mus-
cle tension techniques) can be helpful in this respect. As France et al. (2008) dem-
onstrated, participants exposed to a booklet with information on how to overcome 
frequent affective (e.g. anxiety) and physiological (e.g. vasovagal reactions or feel-
ing faint or the actual feeling of powerlessness) reactions showed improvements in 
attitude, fear, effectiveness and intentions to donate blood. Given the positive cor-
relation between anxiety before donating blood and the assessment of symptoms 
after donating blood, a reduction in anxiety before donating blood can also increase 
the likelihood that non-donors who donate blood for the first time will donate blood 
again in the future (France et al. 2008).

Overall, the consideration of risk perception in connection with negative beliefs 
is very important and should be given more attention in further studies. The focus 
on risk perception in the study by Benthin et al. (1993), led to the conclusion that 
people are more likely to engage in risky behaviour if they understand the risk and 
feel that they have personal control over the risk than those who do not. Some stud-
ies from other contexts have also shown that risk perception varies greatly between 
the two genders, with male participants showing a lower risk perception (Flynn 
et al., 1994). All these considerations and methods should be tested in further stud-
ies in context of stem cell donation.

3.6  Conclusions

To sum up, the positive and significant effects of the intervention “Wake up” are 
based on significant changes in belief based TPB factors. The teaching unit can 
positively influence not only beliefs, but also direct measured ATT, SN and PBC as 
well as content knowledge, moral obligation and moral reasoning. It follows that 
also student’s intention regarding stem cell donation is influenced. Nevertheless, 
further studies should test and compare other methods and approaches to promote 
stem cell donation, such as the use of information brochures with different coping 
strategies for the unpleasant consequences of donation (e.g. feeling faint). Based on 
the findings of this study a stronger focus on risk perception regarding donation is 
recommended.
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Chapter 4
Prior Knowledge, Epistemic Beliefs 
and Socio-scientific Topic Context 
as Predictors of the Diversity of Arguments 
on Socio-scientific Issues

Andreani Baytelman, Kalypso Iordanou, and Costas P. Constantinou

4.1  Introduction

Socio-scientific issues (SSIs) are controversially discussed topics with a scientific 
basis, which always have an important social relevance (Zeidler, 2015). The use of 
SSIs in science classes aims to improve scientific literacy, hence, instructional 
approaches try to encourage students to argue more reflectively and to empower 
them to participate in current and future SSI debates and decision-making (Sadler & 
Zeidler, 2005; Zeidler, 2015). Studies have produced findings that suggest that cur-
ricula which include SSIs support argument skills (Rudsberg et al., 2013; Zeidler 
et al., 2019).

The factors that facilitate the development of argument skills when people 
engage in thinking about or debating SSIs remain underdetermined (Asterhan & 
Schwarz, 2016; Iordanou et al., 2019; Zeidler et al., 2019). Specifically, the factors 
that enable students to analyze an issue from different perspectives and produce dif-
ferent types of arguments (diversity of arguments) on complex SSIs are still not 
clear (Newton & Zeidler, 2020). On the other hand, the ability to construct different 
types of arguments that integrate multiple positions or accounts is essential for SSI 
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debates and a vital component of the development of a functional scientific literacy 
(Zeidler et al., 2019). This reflects one’s depth of reasoning (Nussbaum & Schraw, 
2007), as well as the ability to appreciate the complexity and multidimensionality of 
SSIs, the ability to consider alternative views and appreciate the need to include 
different evidence and diverse perspectives in the arguments, which are fundamen-
tal for decision-making (Herman et al., 2018).

In the present study, we address this gap in the literature, namely whether and to 
what extent, prior-knowledge, epistemic beliefs and SSI-topic context can predict 
the diversity of arguments about SSIs constructed by university Education students. 
By doing this, we hope to gain a better understanding of the development of: (i) the 
ability to perceive and reason through the complexity inherent to SSIs, (ii) the abil-
ity to analyze an issue and potential solutions from the perspectives of different 
stakeholders, (iii) the ability to determine how scientific knowledge and processes 
may contribute to the resolution of an SSI; and to recognize dimensions of the issue 
that cannot be addressed by science (Zeidler et al., 2019).

We investigate the diversity of arguments using three different health SSI topics 
with social, scientific, ethical, economic and ecological aspects. We used health- 
SSIs because many SSIs are rooted in scientific advances and technologies and are 
related to human health (Ratcliffe & Grace, 2003) and biological sciences. The 
motivation to focus on university education students comes from prior research 
which has shown that university students demonstrate weak argument skills when 
dealing with SSIs (Driver et al., 2000; Iordanou & Constantinou, 2014).

In particular, we set out to answer the following research question: What is the 
relationship between university Education students’ prior-knowledge, epistemic 
beliefs, SSI-topic context and the diversity of arguments they construct about a con-
troversial health SSI topic?

4.1.1  Socio-scientific Issues and Argument Skills

The term argument refers to a product, constructed by an individual, consisting of a 
claim and one or more supporting reasons or evidence that are connected to the 
claim with warrants (Toulmin, 2003). To gain understanding of how individuals’ 
argument skills develop, science education and psychology researchers have 
become interested in examining several factors, such as: epistemic beliefs, which 
refer to individuals’ beliefs about the nature of knowledge and the process of know-
ing (Hofer & Pintrich, 1997), and prior knowledge, values, desires, expectations and 
experience as potential contributors to the construction of arguments (Rundgren 
et al., 2016).

However, researchers (Asterhan & Schwarz, 2016; Zeidler et al., 2019) propose 
more research for the factors that facilitate the development of argument skills, 
including when people engage in thinking about or debating controversial SSIs.

A. Baytelman et al.



47

4.1.2  Prior-Knowledge and Argument Skills Relating 
to Socio-scientific Issues

Discussions on SSIs in the science education literature are accompanied by the 
assumption that individuals’ content-knowledge, potentially, contributes to their 
reasoning and argumentation in the context of SSIs (Sadler & Fowler, 2006; Sadler 
& Zeidler, 2005). However, according to empirical studies (Baytelman, 2015; 
Means & Voss, 1996; Sadler & Fowler, 2006; Sadler & Zeidler, 2005) it seems that 
previous research has examined the relationship between prior-knowledge and 
argument skills, focusing on how prior knowledge affects the quantity and quality 
of arguments. Τhe relationship between prior knowledge and the diversity of differ-
ent types of arguments on controversial SSIs produced is not clear.

In the present study, prior knowledge is defined as prior domain-specific concep-
tual content knowledge, and includes the knowledge of concepts, principles, facts 
and theories of a subject, but also an understanding of how concepts and principles 
of a subject are organized (Shulman, 1986). The more connections that exist among 
facts, ideas, and procedures, the better the understanding (Hiebert & Carpenter, 
1992). Additionally, according to Novak (2010), concept-maps can provide evi-
dence for a distinction between meaningful and rote learning. Novak explains that 
rote learning is limited in terms of recall and transfer and subsequent change,

…because [concepts learnt by rote] are stored arbitrarily and non-substantively in cognitive 
structure, [they] soon cannot be recalled and confer interference with new, related learning 
and recall of related information. (Novak, 2010, p. 69)

So, concept-maps can be a direct method of looking at the organization and 
structure of an individual’s knowledge within a particular domain and at the fluency 
and efficiency with which the knowledge can be used (Williams, 1998).

4.1.3  Epistemic Beliefs and Argument Skills Related 
to Socio-scientific Issues

In recent decades, students’ beliefs about the nature of knowledge and the process 
of knowing, have received increased attention from researchers (Hofer & Pintrich, 
1997; Schommer, 1990). Most of this work has been rooted in Perry’s (1970) early 
research, suggesting that college students start out believing that knowledge con-
sists of simple, unchanging facts, handed down by authority and then progress 
toward a conception of knowledge as consisting of complex, tentative concepts 
based on reasoning. While one important line of research on epistemic beliefs has 
continued Perry’s (1970) effort to identify developmental stages in students’ epis-
temic thinking, Schommer (1990) initiated a line of research using a multidimen-
sional approach.
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According to the multidimensional approach of epistemic beliefs (Schommer, 
1990), epistemic beliefs could be described as a system of more or less independent 
beliefs (epistemic dimensions), conceptualized as beliefs about the certainty (related 
with the stability of knowledge), simplicity (related with the structure of knowl-
edge), and source of knowledge, as well as beliefs about the speed and ability of 
knowledge acquisition. While the dimensions of certainty, simplicity and source in 
Schommer’s conceptualization fall under the more generally accepted definition of 
epistemic beliefs, known as beliefs about the nature of knowledge (certainty, sim-
plicity) and knowing (source) (Hofer & Pintrich, 1997), the dimensions speed and 
ability have been controversial because they mainly concern beliefs about learning 
(speed) and intelligence (ability). Hofer and Pintrich (1997) argued that epistemic 
beliefs should be defined more purely, with two dimensions concerning the nature 
of knowledge (what one believes knowledge is) and two dimensions concerning the 
nature or process of knowing (how one comes to know).

According to Hofer and Pintrich (1997), the two dimensions concerning the 
nature of knowledge are: (a) Simplicity of knowledge, ranging from the belief that 
knowledge consists of an accumulation of more or less isolated facts to the belief 
that knowledge consists of highly interrelated concepts, and (b) Certainty of knowl-
edge, ranging from the belief that knowledge is absolute and unchanging to the 
belief that knowledge is tentative and evolving.

The two dimensions concerning the nature of knowing are: (a) Source of knowl-
edge, ranging from the conception that knowledge originates outside the self and 
resides in external authority, from which it may be transmitted, to the conception 
that knowledge is actively constructed by the person in interaction with others, and 
(b) Justification for knowing, ranging from justification of knowledge claims 
through observation and authority, or on the basis of what feels right, to the use of 
rules of inquiry and the evaluation and integration of different sources (Hofer & 
Pintrich, 1997). Accordingly, Hofer and Pintrich’s model differs from Schommer’s 
by omitting the nature of learning factors and adding another nature of knowing 
factor – Justification. Additionally, Conley et al. (2004) suggested a new dimension 
of epistemic beliefs, the Development of knowledge, which is related with the 
nature of the development of knowledge.

Previous empirical studies (Barzilai & Eshet-Alkalai, 2015; Mason & Scirica, 
2006; Sadler & Fowler, 2006) indicated that there is a relation between individuals’ 
epistemic-beliefs and argument skills. However, the possible contribution of epis-
temic beliefs to the diversity of arguments that individuals produce has not yet been 
clearly investigated.

4.1.4  Socio-scientific Topic Context and Argument Skills

A few studies suggest that SSI topic context (context of a particular scenario of a 
SSI topic) is a factor that can make a difference in the way students approach SSIs. 
Specifically, some researchers (Sadler & Zeidler, 2005; Herman et al., 2018) claim 
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that SSI topic context, but not the topic alone, influences the reasoning students 
employ in multiple ways, engaging with the SSI (including quality, information 
attended to, and degree of emotional involvement). Additionally, they claim that 
students prioritize different dimensions of certain issues differently, depending on 
how that issue is presented to them.

In a study of genetics topics, Sadler & Zeidler (2005) noted:

…the context of an issue significantly influenced how individuals responded to that issue. 
(p. 125)

Yet, Herman et al. (2018) demonstrated that an SSI intervention on Yellowstone 
national park in an area community, supported the development of more nuanced 
emotive reasoning (e.g. shifting from a stance that affected parties “deserve their 
fate” to a more compassionate handling of the issue). In the present work, we aim to 
gain a deeper understanding about the possible contribution of prior knowledge, 
epistemic beliefs and SSI topic context to the diversity of arguments that students 
construct on health SSIs.

4.2  Research Design and Method

4.2.1  Participants

In this study, participants were university Education students at a public University 
in Cyprus (n = 243); 93% were females and 7% were males (the imbalance imposed 
by the student population of this University). All participants were elementary or 
early childhood Education majors and were enrolled in a required science education 
course. Participation in the research was optional and all data were treated anony-
mously and confidentially.

4.2.2  Data Collection

For this study, we used three different controversial health SSI topics with social, 
scientific, ethical, economic and ecological aspects. The first SSI topic (SSI 1) was 
on Usage versus non-usage of vaccines against the NUEVO flu virus. The second 
SSI topic (SSI 2) was on Consumption of bottled versus tap water. The third SSI 
topic (SSI 3) was on Usage of underground versus overhead high voltage lines in 
residential areas.

Our rationale for the choice of these SSI topics was the following:

 (a) During the last decade, SSIs such as safety and usage of vaccines, safety and 
usage of high voltage lines, and consumption of bottled versus tap water have 
attracted increasing attention in Cyprus, because of the potential impact on 
human health. Therefore, students might have been more motivated to engage 
in thinking about these topics;
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 (b) the participants of this study had already learned about vaccines, drinking water 
and high voltage lines and their relation with public health in their science 
classes at secondary school, and they had basic prior knowledge regarding 
these issues;

 (c) all the three health SSI topics of the study have different social, scientific, ethi-
cal, economic, and ecological aspects, where valid, yet opposing, arguments 
can be formed from multiple perspectives.

For each health SSI topic, we developed a text with a scenario and a leaflet. Each 
text of a scenario presented a SSI dilemma with conflicting information and differ-
ent views on the SSI, considering a SSI from multiple perspectives and alternative 
viewpoints. More specifically, the first part of each text was a neutral introduction 
to the SSI dilemma. The second part of the text introduced one position of the 
dilemma, whereas the third part presented the opposing position of the dilemma. 
Both positions were supported with extra evidence (separate sheet/leaflet). Each 
leaflet of a particular scenario presented conflicting scientific and non-scientific 
information related to human health, with social, scientific, ethical, economic and 
ecological aspects from different sources, such as official websites of relevant gov-
ernment agencies, articles by laypeople and non-experts, articles in scientific and 
professional journals and magazines, newspaper articles, and teaching resources. 
The sequence of the information of different positions of the leaflets was reviewed 
by three researchers to make sure that the sequence could not affect the results of 
the study.

To assess participants’ epistemic beliefs, we used the Dimensions of 
Epistemological Beliefs toward Science (DEBS) Instrument (Baytelman & 
Constantinou, 2016), which is based on the multidimensional perspective of epis-
temic beliefs and has been validated in the particular culture in which the research 
was conducted. The 30-item DEBS Instrument captures three dimensions concern-
ing knowledge (Certainty, Simplicity and Development of knowledge), and two 
dimensions concerning knowing (Source and Justification of knowledge). Each 
dimension consisted of six items and the items were rated on a four-point Likert- 
scale, ranging from strongly disagree (1) to strongly agree (4). High scores on this 
measure represent more sophisticated beliefs, while low scores represent less 
sophisticated beliefs.

To assess students’ prior knowledge, participants were asked to answer five 
open-ended questions and to construct a network concept-map for each health 
SSI.  We evaluated prior knowledge at two different levels: (a) shallow (surface) 
conceptual understanding, which was assessed by open-ended questions that exam-
ined distinct basic scientific concepts related to each SSI (Mazur, 1997), and (b) 
deep conceptual understanding, which was assessed by a concept map requiring 
appropriate relationships between the relevant concepts. The open-ended questions 
were scored from 0 to 2 on the basis of their correctness and completeness by the 
first author and an independent judge (Cohens’ k = .91). The concept maps were 
scored counting the number of appropriate concepts and the number and quality of 
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appropriate relationships between concepts (propositions) for each student’s con-
cept map (Cohens’ k = .90).

For the investigation of the effects of the context of the three health SSI topics on 
the diversity of arguments produced, two dummy variables were created, which 
were related to the context of the SSI topic scenarios. The SSI 3 Usage of under-
ground versus overhead high voltage lines in residential areas was used as the refer-
ence category. The first dummy variable was SSI 1(vs. SSI 3), and the second 
dummy variable was SSI 2 (vs. SSI 3).

Students’ individual argument skills were assessed using a written instrument 
based on published work (Baytelman, 2015). In particular, students were asked to 
take a position for each topic dilemma and justify it by formulating supportive 
 arguments, counterarguments, and rebuttals, also utilizing information from the 
leaflet given to them. Students were prompted to construct different types of 
 arguments-social, ethical, economic, scientific and ecological  - expressing their 
opinion by providing a particular space in the instrument for each type of argument. 
For example, for the topic of whether vaccines are safe and should be used against 
the NUEVO flu virus, students were asked to answer the following questions:

 1. Are you for or against vaccination for the NUEVO flu virus?
 2. If you want to convince a friend about your position, what arguments will you 

put forward to convince them?
 3. If somebody holds an opposite position from yours on this issue, what arguments 

may s/he have?
 4. According to the argument you mentioned in Question 3, can you write down 

your opposite arguments to justify your position?

For each participant, we computed the diversity of arguments. Each supportive 
argument, counterargument, and rebuttal was considered valid if it involved the pre-
sentation of a claim, and the legitimacy of that claim was documented through jus-
tification based on evidence. For coding the diversity of argument types, we followed 
two steps:

 (a) We checked the nature of each argument provided under each prompt for argu-
ment type in the instrument, giving 1 point for each simple argument type. In 
this step, it was possible for one argument to be coded as a type other than the 
argument type in which the participant chose to register it under;

 (b) If there were multiple arguments provided under one prompt (e.g. an economic 
argument with elements of ethical or social considerations, which were not pro-
vided again in the space for ethical or social arguments) we coded them 
separately.

To examine whether prior knowledge, epistemic beliefs and the SSI topic context 
can predict the diversity of arguments produced, multiple hierarchical regression 
analyses were carried out with prior knowledge (network concept map and open- 
ended questions), epistemic beliefs (epistemic dimensions) and SSI topic context as 
predictors.
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4.2.3  Procedure

Participants engaged in three sessions. During the first session (20 min), each indi-
vidual answered the DEBS instrument. In the second session (40 min), the prior 
knowledge instrument was administered. In the third session (about 60 min), the 
tasks for the participants were: (a) reading the SSI scenario on one of the three 
health topics, (b) reading the information related to the SSI scenario, and (c) con-
structing different types of arguments.

4.3  Results

Table 4.1 displays the means, standard deviations, minimum and maximum scores, 
of all variables of this study.

As seen in Table 4.1, participants’ scores on the prior knowledge measure sug-
gested relatively low knowledge on the concept map and higher knowledge on 
open-ended questions. Participants’ scores on the epistemic beliefs measure sug-
gested relatively sophisticated beliefs about Certainty, Justification and Development 
of knowledge, and less sophisticated beliefs about Simplicity (structure of knowl-
edge) and Source of knowledge. Participants constructed social, scientific, ethical, 
economic and ecological arguments (supportive arguments, counterarguments, 
rebuttals) for each SSI topic. Participants’ scores on the number of scientific argu-
ments were higher than other types of arguments and ranged from 0 to 15 with mean 
of 5.72 (SD = 2.42). However, participants’ scores on the diversity of types of argu-
ments were high, ranging from 2 to 5 with a mean of 4.5 (SD = 0.77).

Table 4.1 Descriptive statistics for all variables of the study

Variable M SD Min Max

Prior knowledge

Network concept-map 13.60 8.40 0.00 40.00
Open-ended questions 5.90 1.94 0.00 10.00
Epistemic beliefs

Certainty of knowledge 3.01 0.38 1.00 3.88
Simplicity of knowledge 2.65 0.36 1.67 3.50
Source of knowledge 2.62 0.42 1.50 3.83
Justification of knowledge 3.20 0.31 2.43 4.00
Development of knowledge 3.33 0.35 2.29 4.00
Diversity of argument types 4.50 0.77 2.00 5.00
Number of social arguments 4.45 2.16 .00 10.00
Number of scientific arguments 5.72 2.42 0.00 15.00
Number of ethical arguments 3.16 2.07 0.00 9.00
Number of economic arguments 4.32 1.65 0.00 7.00
Number of ecological arguments 2.89 2.26 0.00 8.00
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Table 4.2 displays the unstandardized regression coefficients (B) and intercept, 
the standardized regression coefficients (β), R2, and adjusted R2 after entry of all 
independent variables (IVs).

After Step 3, with all IVs in the equation R2 = .19, F(9,231) = 5.96, p < .001. The 
adjusted R2 value of .16 indicates that 16% of the variability in the diversity of argu-
ments is predicted by PK, EBs, and SSI-context. After Step 1, with PK (concept 
map and open-ended questions) in the equation, R2 = .05 Finc(2, 238) = 6.07, p < .01. 
The adjusted R2 value of .04 indicates that 4% of the variability in the diversity of 
arguments is predicted by PK. After Step 2, with the addition of EBs (Certainty, 
Simplicity, Source, Justification, and Development of knowledge) to the prediction 
of diversity of arguments by PK, R2 = .17, Finc(5235) = 6.87, p < .001. The adjusted 
R2 value of .15 indicates that 15% of the variability in the diversity of arguments is 
predicted by PK and EBs. The addition of EBs to the equation of PK results in a 
significant increment in R2 by .12. After Step 3, with SSI-context added to predic-
tion of diversity of arguments by PK and EPs, R2 = .19, Finc(2238) = 2.51, p = .08. 
The adjusted R2 value of .16 indicates that 16% of the variability in the diversity of 
arguments is predicted by PK and EBs. The addition of SSI-context to the equation 
did not significantly improve R2.

Table 4.2 Results of stepwise regression analyses for variables predicting diversity of 
argument types

Predictor variables Diversity of arguments on health-SSI

Step 1
Prior-knowledge concept-map
Prior-knowledge questions

B(SE)
0.02 (0.01)
0.02 (0.02)

β
0.21***
0.05

Step 2
Prior-knowledge concept-map
Prior-knowledge questions
Certainty of knowledge
Simplicity of knowledge
Source of knowledge
Justification of knowledge
Development of knowledge

0.01 (0.01)
0.02 (0.02)
−0.05 (0.14)
0.66 (0.13)
0.18 (0.11)
−0.19 (0.15)
−0.12 (0.15)

0.15*
0.04
−0.03
0.32***
0.10
−0.09
−0.06

Step 3
Prior-knowledge concept-map
Prior-knowledge questions
Certainty of knowledge
Simplicity of knowledge
Source of knowledge
Justification of knowledge
Development of knowledge
SSI1 (vs. SSI3)
SSI2 (vs. SSI3)

0.02 (0.01)
0.01 (0.02)
−0.09 (0.14)
0.64 (0.14)
0.20 (0.18)
−0.18 (0.15)
−0.10 (0.15)
−0.27 (0.12)
−0.01 (0.12)

0.19**
0.04
−0.05
0.31***
0.11
−0.08
−0.01
−0.14
−0.00

Note: ***p < 0.001, **p˂ 0.01, two-tailed; *p˂ 0.05, two-tailed
For diversity of argument types R = 0.22, R2 = 0.05, Adjusted R2 = 0.04 for Step 1 (p  ˂ 0.01), 
R = 0.41, R2 = 0.17, Adjusted R2 = 0.15 for Step 2 (p  ˂ 0.001), R = 0.43, R2 = 0.19, Adjusted 
R2 = 0.16 for Step 3 (p = 0.08)
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The pattern of results suggests that 5% of the variability in the diversity of argu-
ments constructed is predicted by prior knowledge. Epistemic beliefs contribute 
significantly to that prediction. The addition of SSI topic context to the equation did 
not significantly improve R2.

4.4  Discussion and Conclusions

The present research extends the current literature examining relationships between 
epistemic beliefs, prior knowledge, context of scenario of SSI-topic and the con-
struction of different types of arguments (diversity of arguments) on complex con-
troversial health SSIs, focusing only on individual perspectives about SSIs. The 
findings of the present research contribute to the literature on argument skills related 
to SSIs by demonstrating that prior knowledge and epistemic beliefs predict the 
diversity of arguments on health SSIs that are constructed by students in personal 
reasoning. The context of individual scenarios of complex controversial SSI topics 
has not demonstrated a significant predictive power for the diversity of arguments.

The finding that prior knowledge (as assessed by a concept map and open-ended 
questions) and epistemic beliefs’ dimension of Simplicity of knowledge (beliefs 
about the structure of knowledge) predict the diversity of arguments, constitutes a 
novel contribution, suggesting that students need deep topic conceptual understand-
ing and an epistemic understanding - theorizing knowledge as a complex system of 
organized theoretical principles and ideas (sophisticated Simplicity beliefs) for 
dealing effectively with complex health SSIs. Robust content knowledge and epis-
temic understanding enabled students in the present study to appreciate the com-
plexity and multidimensionality of health SSIs and to analyze them from different 
perspectives, as was reflected in students’ ability to produce different types of argu-
ments from multiple perspectives. We argue that robust prior knowledge is neces-
sary for the construction of different types of arguments on a health SSI because 
students must have a well-developed conceptual schema in order to incorporate 
content knowledge in their different types of arguments (Sadler & Fowler, 2006; 
Sadler & Zeidler, 2005).

The finding that sophisticated simplicity beliefs predicted the diversity of argu-
ments produced on health SSIs, above and beyond prior knowledge, is of particular 
importance, highlighting the role of epistemic beliefs in particular, for constructing 
different types of arguments about a health SSI. A possible explanation for this find-
ing that epistemic simplicity beliefs predicted the diversity of arguments, is the 
following: Students who view knowledge as a collection of simple and discrete 
pieces of factual information (naïve simplicity beliefs), rather than as a complex 
system of organized theoretical concepts (sophisticated simplicity beliefs), may 
tend not to:

 (a) develop an understanding of the complex controversial nature of a SSI topic;
 (b) consider alternative views; and/or
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 (c) recognize that some aspects of an issue have more and different implications.

Additionally, if students believe that knowledge is simple, they probably do not 
appreciate the need to include different evidence and diverse perspectives in their 
arguments, or the need to seek further evidence or to integrate conflicting informa-
tion from multiple sources. In the present study, students were presented with com-
plex SSI topics for which connections among different pieces of information, 
perspectives and evidence were necessary, which probably made the simplicity 
dimension—about the structure of knowledge – more salient than the other epis-
temic dimensions.

Participants used three different complex controversial health SSI topics. Each 
particular scenario of each health SSI topic has social, scientific, ethical, economic, 
ecological aspects, and the students were able to construct different types of argu-
ments on each SSI topic with high diversity, elucidating the complex and multidi-
mensional nature of each SSI-topic.

Our research has important educational implications, showing that relatively 
sophisticated simplicity epistemic beliefs and robust conceptual understanding are 
related to an individuals’ ability to construct different types of arguments on health 
SSIs. More research is required to focus on finding the means for supporting the 
development of university students’ conceptual understanding, their epistemic 
beliefs, particularly their epistemic simplicity beliefs, and their understanding of the 
complexity and multidimensionality of SSIs. In doing so, we would empower uni-
versity staff to promote argument skills in relation to controversial health SSIs 
among their future students, and prepare them to understand the value of analyzing 
health dilemmas, the value of potential solutions from the perspectives of different 
stakeholders and the value of disease prevention, public health, and democratic 
responsibility.

There are some limitations to the current study that may provide impetus to fur-
ther work in this area. First, our research focuses only on individual perspective 
about SSIs and our results have applicability only for single persons in personal 
reasoning. Second, although the health SSIs addressed in the current study are of 
international applicability, we cannot impute generalizability for our results are 
based on a relative small sample consisted of 93% females. Third, we used only 
questionnaires, which does not probe elaborated participants’ responses to items as 
in-depth interviews would do.
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Chapter 5
Toward a Questionnaire to Assess Biology 
Student Teachers’ Knowledge 
of the Nature of Scientific Inquiry (NOSI)

Corinne Charlotte Wacker, Marius Barth, Christoph Stahl, 
and Kirsten Schlüter

5.1  Introduction

The nature of scientific inquiry (NOSI) is one critical component of science literacy 
and is also becoming increasingly important in view of the current corona pan-
demic. Teaching and learning the characteristics of scientific inquiry processes, 
through which scientific knowledge is generated and justified, is not only empha-
sized in the German educational standards set by the standing conference of the 
ministers of education and cultural affairs (KMK, 2005), but also worldwide as part 
of science standards (NGSS Lead States, 2013). Thus, students as well as teachers 
must be able to understand, conduct and critically assess scientific investigations. 
However, despite the continued science education efforts, research indicates that 
teachers and student teachers, as well as students of varying ages, typically hold 
naïve NOSI views (Lederman et al., 2019; Mesci et al., 2020; Zion et al., 2018). 
Because teachers need to have an elaborated understanding of NOSI in order to be 
able to discuss it adequately in their lessons, it is important to assess whether (and 
how well) this educational goal is actually achieved throughout their university edu-
cation to provide the necessary resources for them.

To appraise the NOSI proficiency of a person, one must first define what it means 
to be competent in it. This is particularly important because NOSI and nature of sci-
ence (NOS) are often used as synonymous terms and are frequently combined and 
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overlap, because they are interdependent (Mayer, 2007). Nevertheless, Schwartz 
et al. (2008) distinguish between them by stating that NOSI is about “how” the sci-
entific knowledge is generated and validated, i.e. the nature of the practices that are 
most closely related to the processes of inquiry; whereas NOS embodies what dis-
tinguishes science from other disciplines. Thus, NOS refers to the characteristics of 
the scientific knowledge,  i.e. the product of inquiry processes (Schwartz et  al., 
2012). Schwartz et al. (2008) and Lederman et al. (2014) identified aspects of NOSI 
via literature reviews and science practices studies. According to Schwartz et  al. 
(2008) these NOSI sub-competences include: (sc1) scientific investigations all begin 
with a question and do not necessarily test a hypothesis; (sc2) there is no single set 
of steps followed in all investigations; (sc3) scientific questions scientists choose to 
pursue stem from many sources and can serve many purposes; (sc4) scientific data 
can be interpreted differently; (sc5) scientists recognize anomalous data and handle 
them in a reflective manner; (sc6) scientific data are not the same as scientific evi-
dence; and (sc7) scientific inquiry is embedded within a researcher’s community.

Various NOSI instruments were developed especially in the last 30  years for 
various stages of education using a variety of response formats (Temiz et al., 2006). 
However, they primarily focus on pupils up to 10th grade and little is known about 
natural science student teachers’ NOSI views during their university education 
(Mesci et al., 2020). Furthermore, many of these testing instruments make use of: 
either a multiple-choice format, which is considered to be time- and administration- 
economic, but is susceptible to test-wiseness; or an open-ended format with follow-
 up interviews, which is considered to be time-consuming and vulnerable to 
discrepancies in interpretation (Temiz et al., 2006; Thoma & Köller, 2018). Another 
factor that needs to be considered is that the focus of most instruments lies upon 
experimentation and by this on causal relationships, due to the fact that the experi-
ment is considered to be “the gold standard” of science. Other research methods, 
such as observations and comparisons, are often seen as preliminary stages or par-
tial aspects of experimentation (Ayyavoo et al., 2002; Wellnitz & Mayer, 2013). It 
was therefore decided to develop a curriculum-independent NOSI questionnaire 
that can be used at any point in the academic education of biology student teachers.

The purpose of our study is: (1) to develop a closed-ended questionnaire to assess 
biology student teachers’ NOSI views; and (2) then to validate this instrument’s 
functioning in order to discuss its potential for research and teaching. There is a 
need to gain insight into the NOSI competence of future science teachers through-
out their university education in order to further improve it.

5.2  Method

5.2.1  Participants

The NOSI questionnaire was administered to undergraduate biology student teach-
ers in the introductory course “Basics of biology” at the University of Cologne. This 
was done during the winter semesters of 2018/19 and 2019/20. The sample of the 
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148 freshman student teachers of biology was comprised of 108 women (73%) and 
40 men (27%), and the average age was 20.7 years (SD = 2.9). Data were collected 
in an online survey using LimeSurvey 3.21; however, during the first survey phase 
a paper-pencil version of the instrument was also employed due to server issues. 
Before participants answered the questionnaire, they were briefed, i.e. a brief intro-
duction concerning the voluntary and anonymous participation in this pilot study 
was given. The response rate amounted to 77.5%.

5.2.2  Questionnaire Design

A closed-ended NOSI instrument was designed by a group of experts from the field 
of biology education and psychology. The developed questionnaire was constructed 
in reference to the seven previously mentioned NOSI aspects of Schwartz et  al. 
(2008) and Lederman et al. (2014) (see Table 5.1). It is important to note that these 
authors explicitly state that these seven sub-competences are not the only ones, but 
nevertheless they are indispensable for students (Lederman et al., 2014; Schwartz 
et al., 2008; Zion et al., 2018). It was decided to extend the testing instrument to 
include the additional aspect of Questionable Research Practices (QRPs), i.e. either 
fabrication or falsification of scientific data or results (Fiedler & Schwarz, 2016). 
Krishna and Peter (2018) stated that approximately 10% of psychology students, 
who were writing a Bachelor’s or Master’s thesis on a psychology course at a 
German public University, practiced some QRPs and that lecturers have an impor-
tant function in shaping the students’ attitude towards them. Consequently, it was 

Table 5.1 Overview and distribution of items in the NOSI testing instrument.  Adapted from 
Schwartz et al. (2008) and Lederman et al. (2014)

Sub-competence (sc) Items context Σ
sc1.  Scientific questions guide 

investigations
Investigations do not necessarily need a hypothesis,  
but a research question is mandatory.

5

sc2.  Multiple methods of scientific 
investigations

Diverse research methods exist (e.g. experiment, 
correlation study).

11

sc3.  Multiple purposes of scientific 
investigations

(Theoretical versus practical) goals of scientific 
research.

9

sc4.  Justification of scientific 
knowledge

Data do not stand alone, but can be interpreted 
differently.

4

sc5.  Recognition and handling of 
anomalous data

Dealing with anomalous information (e.g. looking  
for information why these data occur).

2

sc6.  Distinctions between data and 
evidence

Evidence is the result of data analysis  
and interpretation.

8

sc7.  Community of practice (CoP) Scientific inquiry processes and data are checked  
by a researcher’s community.

2

sc8.  Questionable Research 
Practices (QRPs)

Transparency in data collection and reporting. 5
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felt that this area, which also touches on the fifth aspect of recognizing and handling 
of abnormal data, is also essential for the processes of scientific inquiry, i.e. 
NOSI. With regards to the focus and utility of this NOSI testing instrument, it is 
important to acknowledge that some areas of NOSI are difficult to distinguish from 
each other and these sub-competences also tend to overlap with some areas of 
NOS. In the preliminary phase of the instrument development, content validity was 
therefore assessed by repeated discussion sessions by the authors, who examined 
the wording of the statements as well as whether each item fits in its allocated 
NOSI aspect.

Adjustments were made to the preliminary item pool of 85 items based on a first 
test survey with university students, so that items that were too easy to answer or too 
similar to other items, or that could not be clearly assigned to an aspect, were either 
modified accordingly or eliminated. Finally, the developed NOSI questionnaire 
consisted of 46 closed items, whereby respondents had to agree/disagree first with 
statements (true or false), and then subsequently rate their answer in a confidence 
rating (How confident are you that your answer is correct (as a percentage)? 
Answers: 0 = guessing, 20, 40, 60, 80, and 100 = absolutely certain). The develop-
ment of this testing instrument with two response formats could be an adequate 
trade-off between economic reasons, i.e. in a time-effective manner, and detailed 
participants’ NOSI views that can also take into account the participants’ test intel-
ligence. Moreover, in accordance with the second sub-competence that there is no 
single scientific method that all (biology) scientists follow, the testing instrument 
neither concentrated on a specific research method nor on a specific curriculum. The 
complete 46-item NOSI questionnaire is available at https://osf.io/u9gdz/.

5.2.3  Data Analysis

In order to create a combined multi-response index for each item, a multiplicative 
weight for each item based on both response formats (dichotomous: true/false and 
the post-decision confidence rating: 0%, 20%, 40%, 60%, 80%, and 100%) was 
calculated. The dichotomous responses were coded either −1 (incorrect) or +1 (cor-
rect) and the confidence rating responses were expressed as relative probability, i.e. 
coded as 0, .2, .4, .6, .8 or 1, respectively. The next step was to multiply both values 
to calculate a multiplicative weight for each item and each case, i.e. xdichotomous∙𝑥confidence 

rating (see Table 5.2). For example, if a test person answered one item incorrectly and 
was 40% sure about his/her answer, the result would be −1 × .4 = −.4.

Subsequently, item analysis was assessed for selecting items for the NOSI ques-
tionnaire. This is the average score of the combined multi-response index instead of 
item difficulty that uses scaling from −1 to +1, Measure of Sampling Adequacy 
(MSA), and Cronbach’s α. In addition, further descriptive data analyses were made 
to better illustrate student teachers’ overall NOSI understanding. This was done by 
calculating a NOSI total score for every biology student teacher via the arithmetic 
mean of the combined multi-response index of all items. In order to identify 
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potential scientific inquiry misconceptions as well as items that could be answered 
with test intelligence, we examined each NOSI item in detail according to the given 
responses by the respondents. A Maximum Likelihood (ML) exploratory factor 
analysis (EFA) followed by oblique rotation was also conducted in order to estab-
lish the underlying structure of factors.

5.3  Results

All analyses were performed using R 4.0.3 (R Core Team, 2020) with the package 
psych (Revelle, 2020).

5.3.1  Item Analysis

Figure 5.1a shows the distribution of the average score of the combined multi- 
response index for each item across all participants. It indicates that most items have 
an average score in the positive scale range, this means that most items were chiefly 
correctly answered. Nevertheless, all five items of the NOSI sub-competence 
“Scientific questions guide investigations” and two items (8.1 & 8.2) of the NOSI 
sub-competence “QRPs” were most difficult for the student teachers to answer due 
to their negative average scores ranging from –.046 to –.367. However, there are no 
items that were overall too difficult or too easy according to the histogram border-
line areas of –.8 < scorei < .8. Measure of Sampling Adequacy (MSA) was employed 
to determine the extent to which an item was suitable for factor analysis, i.e. its 
discriminatory power. If the items are not at all or only weakly correlated with all 
other items, it is unlikely that factors can be found by which the multiplicity of the 
variables can be reduced on a smaller number of dimensions (Ludwig-Mayerhofer, 
2017). The authors decided to use a rather low cut-off score of .4 to avoid prema-
turely eliminating items of the NOSI questionnaire. After excluding five items (2.5, 
3.3, 3.4, 6.5, 8.3) from the instrument, which are the five points below the MSA limit 
at around .39 in Fig. 5.1b, with the two points of items 3.3 and 3.4 overlapping each 
other, 41 items remained in the reduced NOSI item pool within the defined boundar-
ies (see Fig. 5.1c). For the reduced item pool, the overall MSA = .65 can be consid-
ered useful and the reliability can be considered acceptable with Cronbach’s α = .69, 
Guttman’s λ6 = .84. It was also decided to report Guttman’s λ6, because Cronbach’s 
α tends to underestimate reliability in tests with strong heterogeneity, such as com-
prising eight components/aspects (Osburn, 2000).

Table 5.2 Combined multi-response index of both formats

Dichotomous response was…: … incorrect. ... guessed. … correct.

Confidence rating response [%]: 100 80 60 40 20 0 20 40 60 80 100
Multi-response index: −1 −.8 −.6 −.4 −.2 0 .2 .4 .6 .8 1
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5.3.2  Biology Student Teachers’ NOSI Competences

The arithmetic mean of the responses to all NOSI items of the test, i.e. the partici-
pant ability score, was calculated for each of the 148 freshman biology student 
teachers (see Fig. 5.2). The positive range of NOSI competence for all participants 
is between .02 and .65 with an average of M = .36 ± .13.

Despite the overall positive range of NOSI understanding by the freshman biol-
ogy student teachers, two interesting response patterns were identified within the 
combined multi-response index by looking at the items in detail. A few items 
received incorrect responses that were given with high confidence ranging from 
80% to 100% (= absolutely certain), and some items were answered correctly, but 
with a low confidence rating ranging from 0% to 20% (= guessing) by the respon-
dents. The authors focused especially on the items of the testing instrument where 
more than 10% of the biology student teachers showed these response patterns 
(see Fig.  5.3). For eight items 14–30% of the participants were certain, i.e. 
80–100% confidence, that their answers were correct, although this was not the 
case. The top item within this group, which is called NOSI misconceptions,  
was: ‘A scientific investigation always checks a hypothesis’ (item 1.3). Conversely, 
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11–36% of the biology student teachers answered 17 questions correctly, although 
they felt rather uncertain, i.e. 0–20% confidence, that their responses were right. 
The top item within this group, which is labelled test intelligence, was: ‘Scientists 
organize themselves in professional societies to set standards for scientific work’ 
(item 7.2). In addition, four items showed even both these answer patterns by more 
than 10% of the participants (1.4, 1.5, 2.8, and 8.1).
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Table 5.3 Correlation matrix (EFA with oblique rotation). Negatively formulated questions are 
marked with an asterisk. The communalities are depicted in the last column as h2 indicating each 
item’s variance that can be explained by the corresponding model

Factor
Item 1 2 3 4 5 h2

5.2 Unexpected results can make it necessary to change a 
scientific theory.

.99 1.00

2.2 Depending on the research question, different methods are 
applied.

.43 .25

2.10 Different methods can lead to contradictory results. .56 .37
2.11 When interpreting scientific data, the methods used 
should always be considered.

.51 .30

4.1 Two scientists interpreting the same data can justifiably 
come to different conclusions.

.59 .33

4.2 Several investigations using the same procedures may have 
different results.

.40 .21 .27

4.4 Scientific research data can be interpreted differently. .58 .39
5.1 Unexpected results may cause the data to be reinterpreted. .58 .39
6.4 Scientific evidence is based on the newly collected data of 
an investigation, but also on the previous state of research.

.49 .26

2.4* For a given research question there is also a given method 
to answer it.

.46 .24 .26 .41

6.6* The evidence of a scientific study is not directly related to 
the research question.

.73 .55

1.3* A scientific investigation always checks a hypothesis. .60 .38
1.4* Before a research question is formulated, hypotheses 
about possible results of an investigation must have been 
derived.

.23 .61 .46

3.1 Scientific investigations can serve to develop technologies. .44 .29
3.7* Mechanisms that cannot be directly observed cannot be 
scientifically investigated.

.24 .49 .43

6.3 Data are the observations made during a scientific 
investigation.

−.22 .59 .40

7.2 Scientists organize themselves in professional societies to 
set standards for scientific work

.54 .35

5.3.3  Factor Extraction Results

We conducted a parallel analysis of the remaining 41 items, which suggested keep-
ing five factors for an exploratory factor analysis. Only 17 items with loadings 
greater than ±.40 were used to characterize the 5-factor construct in Table 5.3. The 
other 24 items aren’t shown here because of their very low communalities. 
Furthermore, only one or two items loaded on the factors 1, 3, and 4, whereas eight 
items loaded on factor 2, with loadings ranging from .59 to .40. Moreover, there 
were four items that loaded on factor 5 with loadings ranging from .59 to .44.
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5.4  Discussion

The present study found that the NOSI questionnaire with a combined multi- response 
index has an acceptable instrument reliability before and after the elimination of five 
of its items. The average scores of the combined multi-response index (each referring 
to a single item) in Fig. 5.1a indicate a wide answering range between –.37 and .73, 
and the overall mean for all 41 items of M = .36 ± .13 indicates an already existing 
moderate NOSI understanding of all biology student teachers. Moreover, there is no 
single item with a negative average combined multi-response index score below –.37, 
which might indicate that all not participants have internalized the same naïve NOSI 
views in their diverse school biology education. It is important to note that the arith-
metic mean of the participant ability scores of all 41 items is based on an unequal 
number of items in each of the eight sub-competences, which was a result of the item 
selection process (originally starting from 85 items).

5.4.1  NOSI Misconceptions and Test Intelligence

Two thought-provoking response patterns could be identified by looking at the com-
bined multi-response index of the NOSI questionnaire in more detail (see Fig. 5.3). 
One group of respondents featured a “false certainty” because they answered some 
items incorrectly, but were nevertheless sure that their answers were correct. These 
items could point towards NOSI misunderstandings, which may have been acquired 
through schooling. In particular, the top negatively coded item in this group, ‘A sci-
entific investigation always checks a hypothesis’ (item 1.3), hints on the supposed 
‘general procedure’ of ‘the Scientific Method’. Almost any inquiry assignment in 
school science curricula seems to start with generating a hypothesis for an experi-
ment and it seems that a study is only deemed a success if the results serve to con-
firm this hypothesis (Bencze, 1996). This circumstance could therefore easily lead 
to a widespread NOSI misconception. In addition, the other four items of the same 
sub-competence ‘Scientific questions guide investigations’ (sc1), were also answered 
by more than 10% of student teachers in a similar pattern. Thus, this sub- competence 
seems to include popular misconceptions about the role of hypothesis versus 
research question. Another sub-competence with two “false certainty” response 
items refers to ‘Questionable Research Practices (QRPs)’ (sc8). The items are ‘On 
the basis of the data collected, the hypotheses of the study should be adapted.’ (8.1) 
and ‘If an expected effect is not yet statistically significant, data collection should be 
continued so that the effect can become significant.’ (8.2). They both indicate that 
student teachers’ NOSI understanding in the areas of HARKing (“Hypothesizing 
After the Results are Known”) and “optional stopping” need to be improved.

There is also a larger group of 17 NOSI items within six sub-competences of the 
questionnaire, where more than 10% of participants felt rather uncertain that their 
correct response was right. For instance, the most often “truly guessed” item was: 
‘Scientists organize themselves in professional societies to set standards for 
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scientific work’ (item 7.2). One could argue that 36% of the participants could have 
deduced from own as well as from heard experiences of others that the existence of 
CoPs seems highly likely, maybe because meeting with fellow students and (work) 
colleagues for exchanging experiences is part of everyday life.

Four of the 41 items in the NOSI questionnaire even show both response patterns 
(“false certainty” and “truly guessed”). In some cases, this could be a hint that there 
are difficulties in interpreting an item, e.g. item 2.7: ‘Chance should not play a role 
in research’. Both ratings (true as well as false) regarding the correctness of the item 
have their legitimacy, depending on a student teachers’ way of thinking. On the one 
hand the item is wrong, because chance sometimes plays an important role in science 
(e.g. discovery of the antibiotic Penicillin by Alexander Fleming in 1928) (Copeland, 
2019). On the other hand, the item is correct, because when experimenting, all vari-
ables except for the one under investigation must be kept constant. Chance should be 
excluded in this case as far as possible, because otherwise one would not get any 
reliable and interpretable results. Therefore, this item cannot be interpreted on its 
own and must either be reformulated or interpreted in the context of other items. In 
general, there is a need to continue to improve student teachers’ NOSI views so that 
they have a better understanding about scientific inquiry processes, and by this can 
fulfill their important role as future teachers in shaping students’ NOSI views.

5.4.2  Exploratory Factor Analysis (EFA)

The correlation matrix of the EFA of the NOSI questionnaire with 41 items shows 
no obviously recognizable matrix structure. Although a 5-factor construct can be 
identified in Table 5.3, the factors 1, 3, and 4 each contain less than three item load-
ings. Moreover, items of the NOSI aspects ‘Justification of scientific knowledge’ 
(sc4) and ‘Recognition and handling of anomalous data’ (sc5) are not included in 
the pattern matrix. A possible explanation for the inconclusive EFA matrix struc-
ture – besides the two reliability limitations concerning the number of items and 
sample size, which are discussed in detail in the next chapter – could be that the 
respondents’ NOSI abilities differ from the authors’ theoretical construct. This 
could be indicated by the fact that the factors 2 and 5 include items from more than 
three different NOSI sub-competences. Thus, at this point the factor structure of the 
questionnaire is unclear and future research is required to better understand the 
underlying constructs and their relations.

5.4.3  Limitations

Despite the fact that the NOSI test instrument provides a first insight into the NOSI 
understanding of biology student teachers and their potential scientific inquiry mis-
conceptions at the start of their academic education, there are obvious limitations to 
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this pilot study. Even though a sequential cross-section research design over more 
than 1 year was used and the response rate was high (77.5%), the sample of N = 148 
for a 46-item questionnaire was more than half too small compared to the required 
size of N = 400 (Eid et al., 2017). Therefore, the validation study should be contin-
ued or even extended by the participation of, for example, student teachers of other 
science subjects in order to reach the required sample size. Secondly, the two NOSI 
sub-competences ‘Recognition and handling of anomalous data’ (sc5) and 
‘Community of practice’ (sc6) had only two items instead of the recommended 
minimum of three items per aspect/factor, which is essential when conducting an 
EFA of a multidimensional construct such as NOSI (Raubenheimer, 2004). This is 
due to the fact that in the first NOSI questionnaire test survey, the other items of 
these sub-competences were eliminated because of their easy item difficulties. 
Because of these two limitations, the results of the EFA should only be interpreted 
carefully and a final selection of items for the NOSI questionnaire is therefore pre-
mature at this stage. Nevertheless, the identification of the two significant item 
response patterns within the combined multi-response index, i.e. potential NOSI 
misconceptions and test intelligence, allows the authors to have an additional deci-
sion criterion for the final item selection. One may consider eliminating NOSI items 
that indicate test intelligence, while retaining items that may point to NOSI misun-
derstandings. In the target group of freshman student teachers of biology, eight 
potential scientific misunderstandings could be found (see Fig. 5.3). However, their 
origin cannot be determined, although they are presumably due to biology or other 
scientific school lessons. To this end, a mixed-methods study with interviews could 
be conducted to learn more about the reasons and sources of misconceptions (as 
well as about the causes for possible test intelligence phenomena). Further studies 
are currently planned to explore more deeply the informative value of the newly 
developed NOSI test instrument by applying it to biology (and maybe even other 
natural sciences) student teachers in other years and phases of their academic edu-
cation, such as in the Master’s programme. This will on the one hand further vali-
date the instrument’s functioning and on the other hand help to identify and correct 
latent NOSI misconceptions that may have been created or propagated throughout 
former school and university education.
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Chapter 6
Introducing Primary School Students 
to Aspects of the Nature of Scientific 
Knowledge

Marida Ergazaki and Aggeliki Laourdeki

6.1  Introduction

Science advances very fast nowadays and affects society in multiple ways. People 
need to face complex socio-scientific issues like DNA editing or climate change, 
and so they are required to be literate about science (Yacoubian, 2018). Scientific 
literacy is a major educational goal as it represents the things that every citizen 
should know about science (Durant, 1993). It involves understanding essential sci-
entific concepts, as well as appreciating the nature, aims and limitations of science 
(Jenkins, 1994). Being an important part of scientific literacy, the nature of science 
(NOS) is a central theme in science education research and biology education 
research in particular. Although there is not a unique definition of it, NOS often 
refers to the nature of the knowledge that scientists produce (NOSK). In fact, NOS 
and NOSK are considered as synonymous and are used interchangeably (Lederman, 
2019). More specifically, NOSK has to do with key features of scientific knowledge, 
such as for instance its empirical basis or its tentativeness. These features are derived 
from the way scientists work in order to produce scientific knowledge; in other 
words, they are derived from the way scientific inquiry is performed (Lederman & 
Lederman, 2019).

Teaching and learning about NOS appears to be a demanding task (McComas & 
Kampourakis, 2015). Considering the challenge, the idea of breaking down this 
complex notion to a number of ‘pieces’ that when put together they might help stu-
dents build a basic version of the ‘NOS-puzzle’, seems rather appealing. In fact, this 
is the core idea of a popular approach in NOS teaching and learning, the so-called 
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‘general aspects conceptualization of NOS’ (Kampourakis, 2016). NOS (or NOSK) 
aspects are not strictly defined and thus there are several ‘aspects lists’, which can 
serve different teaching/learning goals in different educational contexts, or even be 
combined if necessary. Despite strong criticisms according to which this NOS con-
ceptualization fails in highlighting the differences between science disciplines, or 
between science and non-scientific endeavors (Duschl & Grandy, 2013; Irzik & 
Nola, 2011), the ‘aspects lists’ seem to be powerful educational tools 
(Kampourakis, 2016).

The potential of such tools may become even more evident when it comes to 
younger children, who need to be facilitated the most in their first, challenging 
attempts to conceptualize NOSK. In fact, there is a growing interest in introducing 
young children to NOSK aspects as early as the first grades of primary school, or 
even kindergarten (Bell & St. Clair, 2015). According to Akerson et al. (2010), we 
should start with more concrete aspects such as the difference between observation 
and inference, and gradually move to more abstract aspects, such as the influence of 
the socio-cultural context on scientific knowledge. However, Quigley et al. (2010) 
suggest that young children may struggle with differentiating between observation 
and inference as well. According to Akerson et al. (2011), aspects such as the tenta-
tiveness of scientific knowledge and the role of creativity or reasoning in its con-
struction, seem to be more suitable for young children.

NOSK aspects may be introduced either implicitly or explicitly. In explicit 
reflective instruction, which can be quite effective, NOSK aspects constitute explicit 
learning objectives, whereas students reflect on what they do and what they need to 
learn (Khishfe & Abd-El-Khalick, 2002). Moreover, in explicit reflective instruc-
tion, NOSK aspects can be introduced in connection with scientific concepts and be 
an integral part of lab inquiries or lessons based on contemporary or historical cases 
of scientific work (Allchin et al., 2014). Drawing on the history of science to explic-
itly introduce NOSK aspects, appears to be a quite interesting strand in NOS litera-
ture (McComas & Kampourakis, 2015). For younger children, scientists’ biographies 
may be more appropriate than historical scientific controversies, since they are 
easier to follow; they may provide children with a view of science as an amazing 
human adventure, and a view of scientists as normal people with strengths, weak-
nesses or ideas that may be wrong and eventually rejected by their fellow scientists 
(Hadzigeorgiou, 2018).

In fact, scientists’ biographies are considered to have remarkable potential in 
helping children broaden their views on scientists and NOSK (Kelly, 2018), espe-
cially if they emphasize how the scientists in question produced scientific knowl-
edge (Dagher & Ford, 2005). According to Korkmaz (2011), exploring the life 
stories of several historical scientists (e.g. Lamarck, Mendel) and modern scientists 
(e.g. Franklin, McClintock) with the aid of story maps, helped eighth graders who 
participated in her study to improve their views about the profile of bioscientists and 
about NOSK’s empirical and collaborative aspects.

Heisey and Kucan (2010), on the other hand, worked with first and second grad-
ers who were engaged in listening to read-aloud life stories of different scientists 
(Bentley, Anning, Audubon), and discussed them with the aid of ‘during-story’ dis-
cussion protocols. The selected life stories shed light on the hands-on and minds-on 
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activities the three scientists performed during their scientific inquiries. According 
to Heisey’s and Kucan’s (2010) findings, the discussion-mediated interaction of 
children with the biographical texts helped them understand that scientists ask ques-
tions about nature, make observations, make experiments, consult books, use tools, 
think and finally discover how nature works.

Considering the above, we decided to design a learning environment that aims at 
introducing second grade students to NOSK aspects, as well as to specific scientific 
notions. Our design was guided by the idea of explicit, reflective instruction of 
NOSK within the history of science. What we did was using the biographies of two 
major scientists, Jan Baptist van Helmont and Charles Darwin, to create contexts for 
pursuing our NOSK-related and concepts-related teaching/learning objectives. The 
former were the empirical, creative, inferential and tentative aspect of scientific 
knowledge, whereas the latter do not concern us here. The research question we 
address in this chapter is:

Can second graders’ understanding about a series of NOSK aspects be enhanced within a 
learning environment that uses scientists’ biographies as a context for introducing them?

6.2  Methods

6.2.1  Overview of the Study

This was a mixed-model case study that included:

 (i) performing individual, semi-structured pre-interviews with primary school 
students, in order to highlight their initial understanding about (a) the target 
NOSK aspects, as well as (b) the target biological notions (plant nutrition and 
natural selection – which are, however, beyond the remit of this article);

 (ii) designing an eight-session learning environment by using the biographies of 
two major scientists, Jan Baptist van Helmont and Charles Darwin, as contexts 
for integrating the target NOSK aspects (and the target biological notions);

 (iii) implementing the learning environment with peer-group work and whole class 
discussions;

 (iv) performing individual, semi-structured post-interviews; and
 (v) assessing the impact of the learning environment through qualitative and quan-

titative analysis of children’s pre- and post-interviews.

6.2.2  Participants

The participants of the study were twenty-one, conveniently selected students of a 
second grade class. More specifically, they were twelve boys and nine girls (age 
7–8) who were attending a public primary school, situated in a medium socioeco-
nomic status neighborhood of a small town in Greece. According to the class 
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teacher, the children’s school performance ranged from low to high, whereas the 
nature of science had never been discussed in the classroom up to that point. The 
parents were informed about the study so that they could give consent for their chil-
dren’s participation. Moreover, in order to protect children from unnecessary psy-
chological pressure, we visited their school, explained to them why and how we 
needed to work together for some time, and got their own assent for participating in 
our work.

6.2.3  Learning Environment

The learning environment aimed at bringing together biology and nature of sci-
ence in ways that could make sense for young primary school students. In order to 
create meaningful contexts for the introduction of our target ideas, we used scien-
tists’ biographies. A significant reason for choosing the biographies of Jan Baptist 
van Helmont and Charles Darwin was that they could provide children with com-
plementary insights to how scientific knowledge can be built, and thus help them 
broaden their views about its nature. The first part of the learning environment 
was based on the biography of van Helmont (sessions 1–2), the second on the 
biography of Darwin (sessions 3–7), and the third on both (session 8). For the 
teaching- learning activities, we took into account the age of children and the need 
for their active participation, as well as the real classroom conditions. Children’s 
acquaintance with the two scientists was performed through illustrated power-
point presentations that triggered both peer-group work and whole-class discus-
sions. Children took part in activities that required analyzing data, spotting 
changes, recording routes, creating timelines, comparing with diagrams. 
Moreover, they took part in game-like activities requiring from them card match-
ing, word decoding, clue finding, or ‘puppet show-induced discussions’. The 
learning environment is summarized in Table 6.1.

6.2.4  Interview Protocol

The protocol of the pre- and post-interviews was organized in four parts. Parts A and 
B was concerned with scientists and NOSK, whereas parts C and D was concerned 
with biological notions (which are not reported on here). In part A, children were 
first asked a yes/no question (QA1) about whether they had heard of the word ‘sci-
entist’ before, and in the case they had, they were asked an open-ended question 
about what scientists do (QA2). In part B, children were asked two-tier two-choice 
questions about NOSK aspects. Children were first provided: (a) with a card depict-
ing just the outline of a human being (no visible traits), who was supposedly a 
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scientist; and (b) with two more cards, each in a shape of a ‘speech balloon’. In 
every question, the two speech balloon-like cards presented two optional statements 
about a specific NOSK aspect. For instance, two optional statements about (i) the 
empirical, (ii) the creative, (iii) the inferential, and (iv) the tentative aspect of scien-
tific knowledge. Children were asked to choose the speech balloon with the state-
ment that the scientist on the card would actually say, connect it with the scientist 
and finally justify their choice. The optional statements can be found in the results’ 
section. The order of the part B questions was counterbalanced.

Table 6.1 An overview of the learning environment

Sessions Overview
Target ideas (Sci 
work, NOSK)

1 Van Helmont and 
his willow tree 
experiment

Children watched van Helmont reviewing 
bibliography, posing a research question, 
designing and performing his experiment, 
reporting his work and posing his next research 
question. Children analyzed his data, went 
through his reasoning and reached his 
conclusion.

Scientists’ lab work
NOSK aspects: 
science knowledge 
(SK) is empirical, 
creative, inferential, 
tentative

2 To be continued Children discussed a timeline of scientists who 
studied plants after van Helmont. They also 
took part in an interactive puppet show about 
van Helmont’s work.

Scientists’ work
NOSK aspects: SK is 
empirical, creative, 
inferential, tentative

3 Darwin: Childhood 
and studies

Children watched Darwin as a curious boy and 
young man. They were engaged in making 
connections of his life and van Helmont’s.

Scientists’ work
NOSK aspects: SK is 
empirical

4 Darwin’s trip on 
Beagle: Making 
observations and 
collecting data

Children watched Darwin’s trip and recorded it 
on a floor map. They watched him making 
observations, collecting data, reasoning and 
communicating with his fellow scientists. 
Children were also engaged in following his 
reasoning.

Scientists’ field work
NOSK aspects: SK is 
empirical, creative, 
inferential

5 Darwin’s return to 
UK: Do living 
things change over 
time?

Children watched Darwin studying the fossils 
of long-dead pilosas collected on the trip. They 
were also engaged in comparing the fossils with 
living pilosas, going through Darwin’s 
reasoning and reaching his conclusion.

Scientists’ work
NOSK aspects: SK is 
empirical, creative, 
inferential

6 How do they 
change?

Children were introduced to a precursor model 
of natural selection (bio only).

–

7 Darwin’s book and 
the years that 
followed

Children watched Darwin’s hesitation to 
publish his book, followed him through his 
later years and discussed key qualities like his 
constant enthusiasm for the study of nature and 
his constant wish to learn.

Scientists’ work & the 
socio-cultural context
NOSK aspects: SK is 
tentative

8 Travel in time: Van 
Helmont & Darwin 
meet

Children reflected on the two life stories and 
the NOSK aspects in game-like activities.

Consolidation of the 
S1-7 target ideas
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6.2.5  Data Analysis

The audiotaped pre−/post-interviews were transcribed and analyzed with ‘NVivo’. 
We coded children’s responses to the open-ended question according to their accu-
racy and fullness; and those to the two-tier two-choice questions, according to the 
appropriateness of the selected option and the level of children’s justification for it. 
The coding was performed by the authors and cases of disagreement were discussed 
until consensus was reached.

More specifically, the responses to the open-ended question about scientists’ 
work were coded as follows.

 – ‘Unaware’, when irrelevant or explicitly stating unawareness; e.g. ‘I don’t know’.
 – ‘Naïve’, when vague/not to the point; e.g. ‘They go to the office and look at 

things’.
 – ‘Transitional’, when right but incomplete; e.g. ‘They see new things in a lab. 

They have stuff and they do many things in the lab’.
 – ‘Informed’, when right and more complete, with adequate references to points 

made in the learning environment; e.g. ‘They do experiments to see if something 
is true. They go out to observe plants and animals very carefully. They speak with 
other scientists and tell what they found’.

Similarly, the responses to the two-tier two-choice questions were coded as 
follows.

 – ‘Unjustified’, when including either the right or the wrong statement (RS or WS) 
with no justification (no J); e.g. ‘No imagination. I don’t know why’ (WS/no J).

 – ‘Naïve’, when including either the right or the wrong statement (RS or WS) 
accompanied by a problematic justification (Naïve); e.g. ‘He cannot use both his 
logic and his imagination. He will get confused. Only logic’ (WS/Naïve).

 – ‘Transitional’, when including always the right statement (RS) accompanied by 
a right but incomplete justification (trans); e.g. ‘They use imagination. Van 
Helmont had an idea about plants through his imagination’ (RS/trans).

 – ‘Informed’, when including always the right statement (RS) accompanied by a 
more complete justification, with adequate references to points made in the 
learning environment) (RS/informed); e.g. ‘Like van Helmont. When he was eat-
ing his lunch, he saw that the food in the dish was decreasing and an idea came 
to his mind… as the food in the dish, the soil in the pot must also decrease’ (RS/
informed).

We also developed a scoring grid by assigning a score to each category of 
responses. In the case of QA2, for instance, we assigned the scores 0, 1, 2 and 3 to 
irrelevant, naïve, transitional and informed responses, respectively. In order to test 
whether the differences in children’s pre−/post-responses were statistically signifi-
cant or not, we ran Wilcoxon tests for each question.
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6.3  Findings

Starting with the yes/no question about whether children had heard of the word 
‘scientist’ before (QA1), we just note that even in the pre-interviews all but one 
children (20/21) claimed that they had; obviously in the post-interviews this was the 
case for everyone. Moreover, children’s ideas about what scientists do were 
improved. As shown in Fig. 6.1, most of the pre-responses to this open-ended ques-
tion (QA2) were coded as naive (9/21), whereas most of the post-responses were 
coded as transitional (17/21). In fact, in the post-interviews, the number of transi-
tional responses was almost tripled (17/21 vs. 6/21), the number of both unaware 
and naïve responses went all the way down to zero (unaware: 0/21 vs. 6/21; naïve: 
0/21 vs. 9/21), and informed responses appeared for the first time (4/21 vs. 0/21). 
According to the results of the Wilcoxon test, children’s ideas about scientists’ work 
were improved in a statistically significant manner (p = .000).

In children’s own words:

 – ‘A scientist goes to his work. [And what does he do?] He helps other people’ 
(naïve pre-response); ‘They take exams, they study. Like my cousin. He is a sci-
entist. They go to other countries to study and take exams’ (naïve pre-response);

 – ‘They discover things they didn’t know’ (transitional pre-response); ‘They study 
plants and nature and they take notes’ (transitional post-response);

 – ‘They do experiments and they travel to find new things and do investigations. 
[What kind of investigations?] They investigate strange animals, plants, places’ 
(informed post-response); ‘They investigate. [What do you mean?] Like the first 
scientist. The others said that the plants eat soil and he wanted to see if this was 
true and he did the experiment [anything else?] They read books. They observe 
out in the nature. Like the second. They write their findings and other scientists 
read them’ (informed post-response).

Children seemed to do quite well with the empirical aspect of NOSK; i.e. with 
the idea of using empirical data (‘evidence’) in the construction of scientific knowl-
edge (QB1). As shown in Fig. 6.2, in the post-interviews, all responses included the 
right statement (RS) (‘In order to give answers to my questions, I have to gather 
evidence. I cannot just tell my opinion’); almost half were coded as informed (12/21) 
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Fig. 6.1 Students’ pre/post-responses about what scientists do
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and one third as transitional (7/21). Contrastingly, in the pre-interviews, one third of 
children’s responses (7/21) included the wrong statement (WS) (‘In order to have 
the answers to my questions, I don’t have to gather evidence. I can just tell my opin-
ion’). The remaining two thirds that included the right statement were coded as 
unjustified (1/21), naïve (6/21) and transitional (7/21). The pre/post differences in 
children’s ideas about the empirical aspect of NOSK were statistically significant 
(p = .000).

In children’s own words:

 – ‘I choose this one because he is a scientist and he can say his opinion. He does 
not need anything else.’ (WS/naive pre-response); ‘He would say ‘I must find evi-
dence’. Because this is the right thing. He must do it’ (RS/naïve post-response);

 – ‘Like the lawyer in the court. When he says something, he must have evidence. 
The scientist, if he goes somewhere to show his inventions, they may not believe 
he is right, so he must have evidence’ (transitional pre-response); ‘He needs evi-
dence. He must prove it. Van Helmont proved it (transitional post-response);

 – ‘When you give an answer, first you must have evidence. One scientist found that 
plants don’t eat soil, because the soil in the pot of his plant was always the same. 
[What was the evidence?] He had notes. He was writing the weight of the soil 
and the plant’) (informed post-response); ‘He must have evidence like Darwin. 
[What evidence?] He was gathering those with the long nose and the short nose. 
He was looking at their nose and writing about it in a book and then he showed 
his notes to other scientists to believe him’ (informed post-response).

Regarding children’s ideas about the creative aspect of NOSK, i.e. the use of 
imagination/creativity in the construction of scientific knowledge (QB2), we note 
the following. According to Fig. 6.3, in the post-interviews, almost all responses 
(19/21) included the right statement (RS) (‘I’m a little bit of an artist as well. 
Imagination is used in my own work too’), and except for some of them which left 
it unjustified (4/21), all the others (two thirds), were coded as transitional (7/21) and 
informed (8/21). Contrariwise, in the pre-interviews half of the responses (12/21) 
included the wrong statement (WS) (‘Imagination is for artists. I only use logic in 
my work’). The remaining (9/21) that included the right statement were mostly 
coded as unjustified and naïve (6/9), and sometimes as transitional (3/9). According 
to the results of the Wilcoxon signed-rank test, children’s ideas about the creative 
aspect of NOSK were improved in a statistically significant manner (p = .000).
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Fig. 6.2 Students’ pre/post-responses about the use of empirical data
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In children’s own words:

 – ‘Because scientists find everything with their brain and the computers!’ (WS/
naïve pre-response);

 – ‘It is imagination as well. They have to imagine how the rocket they are building 
will look like’ (transitional pre-response); ‘Van Helmont used his imagination 
and figured out how to do the experiment’ (transitional post-response);

 – ‘He can use his imagination. One day two sailors were playing fencing on the 
ship and there was a narrow carpet underneath their feet and it was... and it 
started rising up a little bit… they were pushing... [So, how did he use his imagi-
nation?] He had an idea that the mountain was made like the little mountain on 
the carpet’ (informed post-response); ‘Van Helmont, when eating, he saw that 
his food was becoming less and less and he thought the same about the soil’ 
(informed post-response).

Children’s ideas about the inferential aspect of NOSK, i.e. the use of reasoning 
in the construction of scientific knowledge (QB3), were also improved. As shown in 
Fig. 6.4, in the post-interviews, the number of responses with the wrong statement 
(WS) (‘I gathered evidence and I’m ok; the information that evidence gives me, are 
my conclusions’) decreased (4/21 vs. 7/21), whereas the number of those with the 
right statement (RS) (‘I gathered evidence but this is not enough; I have to think the 
information evidence gives me and how I can combine them in order to have my 
conclusions’) became quite high (17/21 vs. 14/21). And more importantly, except 
for very few post-responses which included a naïve justification for the right state-
ment (2/21), all the others were coded as transitional (11/21 vs. 7/21) and less fre-
quently as informed (4/21 vs. 0/21) (Fig.  6.4). The pre−/post-differences were 
statistically significant (p < .05).
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In children’s own words:

 – ‘It is not enough, because he must collect more evidence. He must have the right 
evidence and not make mistakes’ (RS/naïve pre-response);

 – ‘He must collect evidence and combine them. [So, he must do what?] He must 
put them all together and look at them one by one. [Why do you think he needs 
to do this?] ‘To combine them’ (transitional pre-response); ‘This one, because 
except for the evidence, he must think. [Can you explain it to me?] Van Helmont 
studied the plant for five years. He was taking it out of the pot and he had a 
weight scale to see the weight of the plant and the soil. He did this for five years 
and then he told about it to the others’ (transitional post-response);

 – ‘He must combine them. The second scientist… he first went to the trip and he 
made observations of the animals and he found lots of things… evidence… and he 
kept all these in his notebook and then we helped him to combine them [reference 
to an activity in session 5] and find his conclusion’ (informed post-response).

Children’s ideas about the tentative aspect of NOSK, i.e. the tentativeness of 
scientific knowledge (QB4), did not show as much progress as their ideas about the 
other NOSK aspects. More specifically, as shown in Fig. 6.5, in the post-interviews, 
the number of responses with the wrong statement (WS) (‘My findings will not 
change in the future’) decreased (5/21 vs. 8/21), whereas the number of those with 
the right statement (RS) (‘My findings may change even very soon‘) became quite 
high (16/21 vs. 13/21). However, the post-responses in which the right statement 
was grounded on transitional (5/21) or informed justifications (4/21) were slightly 
more (9/21 vs. 7/21) than those in which the right statement was grounded on naïve 
justifications (3/21) or left unjustified (4/21). According to the results of the 
Wilcoxon test, children’s ideas about the tentativeness of scientific knowledge were 
improved in a statistically significant manner (p < .05).

In children’s own words:

 – ‘What he found can change because he made a mistake. If he didn’t make a mis-
take, it won’t change’ (RS/naïve pre-response);

 – ‘Because if you think something, it may be wrong and your idea will change. 
[What about if it is right?] It can change. Scientists can change their minds’ 
(transitional post-response);

 – ‘Like the first. He read in the book that plants eat soil, but when he investigated 
himself, they didn’t. The thing he read, changed’ (informed post-response).

3 5 6
3 4

02 3 4 3 5 4

WS/no J WS/naïve RS/no J RS/naïve RS/trans RS/informed

QB4

pre-interviews post-interviews

Fig. 6.5 Students’ pre/post-responses about the tentativeness of scientific knowledge
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6.4  Discussion

According to our findings, the learning environment we designed based on the biog-
raphies of van Helmont and Darwin in order to introduce young children to a series 
of NOSK aspects and biological notions that emerge from these scientists’ work, 
was rather effective with regard to the NOSK aspects in particular. In the two-tier 
two-choice questions about the target NOSK aspects, most post-responses included 
right statements with more complete justifications, which actually resulted in their 
coding at higher level categories. The differences in children’s pre−/post-responses 
to each question were found to be statistically significant.

More specifically, children made remarkable progress with the idea that the con-
struction of scientific knowledge involves empirical data (QB1). After their partici-
pation in the learning environment, all children were able to recognize that scientists 
need to collect empirical data, and almost all came up with either informed or tran-
sitional justifications for the correct statement. In fact, the number of informed post- 
responses was higher than in any other question. This might have to do with the fact 
that in the learning environment children were actually required to ‘help’ scientists 
analyze the data they gathered in order to answer their questions. Children’s prog-
ress with the aspect of imagination/creativity (QB2) was remarkable as well, espe-
cially if we take into account that half of the children had initially expressed the 
typical misconception that imagination is something that concerns only artists, 
while scientists rely exclusively on their logic. In the post-interviews very few chil-
dren kept thinking this way, whereas almost all chose the right statement and most 
justified their choice in either informed or transitional ways. These findings seem to 
be in line with Akerson et  al. (2011), who suggested that creativity is a NOSK 
aspect that works quite well with young children.

Moving on to the idea of reasoning (QB3), we should note that although chil-
dren’s understanding has also improved, the number of informed post-responses 
was rather low since half of the children gave transitional ones. Moreover, the num-
ber of post-responses with the wrong statement, despite of not being high, was 
higher than in the previous question. Probably the idea that data and conclusions are 
respectively the input and output of reasoning, rather than the same thing, was a 
little bit more demanding for the children. This seems to be in line with Quigley 
et al. (2010), but at odds with Akerson et al. (2010) who consider this NOSK aspect 
rather easy for young children. Similarly, after their participation in the learning 
environment, children appeared to be more familiar with the idea that scientific 
knowledge is prone to change (QB4). They did improve their understanding, but 
still only a few post-responses were coded as informed or transitional. Moreover, 
this time the number of post-responses with the wrong statement was higher than in 
any previous question. The tentativeness of scientific knowledge can be controver-
sial to children, so there was probably a need for more emphasis in the learning 
environment.

Children had also the opportunity to build a better view about what scientists do, 
as shown by their responses to the open-ended question at the beginning of the 
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protocol (QA2). In the post-interviews, they totally shifted to the higher level cate-
gories (transitional and informed), leaving the lower level categories empty. This is 
in line with Heisey and Kucan (2010) who reported that their young participants 
were able to improve their view about scientists by recognizing that they discover 
new things as they wonder about nature, observe, make experiments, use tools, 
study and think. Moreover, it is worth noting that after their participation in the 
learning environment, the children seemed to have a more realistic view of scientists 
as people who are very happy with their work, but they also have friends and fami-
lies and live normal lives like anyone else. In sum, these second graders appeared 
ready to get familiar with scientists’ work and the nature of knowledge they pro-
duce. The ‘general aspects conceptualization of NOS’ and the idea of implementing 
it in explicit, reflective ways within historical contexts, created with the aid of sci-
entists’ biographies which emphasize how scientists work to produce scientific 
knowledge, seem to be useful for teaching NOS to the younger students of primary 
school and start investing in their scientific literacy.
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Chapter 7
Digital Narratives for Biology Learning

María Napal Fraile, Isabel Zudaire Ripa, Irantzu Uriz Doray, 
and Lander Calvelhe

7.1  Introduction

Storytelling, or telling stories, is a didactical strategy inspired in the oral transmis-
sion of culture via songs and stories. This technique relies on the power of narra-
tives – and the emotions they raise – to transmit their message more efficiently. 
Although narratives often refer to personal reflective writing – used to launch cre-
ative writing and education values – they can also encompass instructive stories to 
explain concepts or processes. For teachers, storytelling can mean an opportunity to 
transmit knowledge more effectively, in a more interesting, more attractive or 
clearer way. For students, it can grant a much more active role in the learning pro-
cess: providing the opportunity of becoming creators of knowledge, fostering cre-
ativity and other competences.

Storytelling is a simple but powerful method to help students to make sense of 
the very complex and unordered world of experience, by crafting story lines (Sadik, 
2008) that help students organize and express their ideas and knowledge in an indi-
vidual and meaningful way (Robin, 2005). Reflection required to tell stories can be 
a powerful tool to engage in deep learning that is, in nature, reflexive, integrative 
and progressive (Barrett, 2006). This is especially true for biological concepts, 
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which are very often complex and multifaceted, and where causal links are not 
always easy to disentangle.

In Digital Storytelling (DS), the inclusion of Information and Communications 
Technology (ICT) and authoring tools, such as video or interactive resources, means 
the opportunity to craft meaningful and attractive stories at low cost and in a rela-
tively short time. And, given the recent proliferation of intuitive creation tools, it can 
be done with low and decreasing technical requirements (Robin, 2005). Moreover, 
ICT adds not only interactivity, but also multimodality, or exploring other modes of 
elaborating and communicating knowledge. In other words, it promotes students 
from consumers to collaborative producers.

In this sense, DS is one example of the meaningful introduction of ICT into 
instruction (Sadik, 2008); one ensuring transformation of teaching to the highest 
levels of Modification or Redefinition in the SAMR model of classroom technology 
integration, i.e. tasks that could not be achieved without ICT (Puentedura, 2006). 
But designing impactful situations with ICT requires Digital Competence on the 
side of both teachers and learners. Digital Competence includes, according to the 
DigComp framework (Ferrari, 2013), five areas: Informational literacy, 
Communication and Collaboration, Security, Content Creation and Problem 
Solving. Those five areas are prerequisites but can also be enhanced by introducing 
technology-rich activities in the classroom.

However, there are many potential barriers to the implementation of the above 
suggested approaches. Indeed, they rely heavily on the interconnectedness of scien-
tific concepts, the ability to propose scenarios of situated learning, and meaningful 
integration of ICT. Taking into account all the above, we launched a research and 
transference project that sought to provide specific instruction and to accompany 
teachers in the implementation of Digital Storytelling for the teaching of science.

7.2  Objectives

Our objective was to design, implement and test a training programme, specifically 
designed to provide teachers with the conceptual and technological knowledge 
required for developing Digital Narratives about biology in their classes. It was 
delivered purposefully and built to serve as a scaffold for repeating the work with 
secondary school students. The addressed research questions are:

Which scientific concepts were successfully integrated by the teachers and proved 
most useful for building stories about science?

Which were the main difficulties experienced by teachers during the training?
Was the level of Digital Competence of the teachers high enough to integrate ICT in 

their practice?

Our specific interest in these questions was derived from the understanding that 
they could be used as an indicator of the affordances and difficulties that students 
might also face, and thus should be specifically tackled during implementation 
in class.
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7.3  Research Design and Method

7.3.1  Context

The described intervention belongs to the project “From research to development 
and innovation in Secondary Education: Digital Narratives in science using chrome-
books” (Gobierno de Navarra, Dept. of Education, grant n° CENEDUCA 08/2019).

The project included 15 h of face-to-face training (five sessions of 3 h), plus 10 h 
of autonomous work. As a requisite for the completion of the training programme, 
attendees were requested to submit a 3–5  min-long history answering a driving 
question related with biology, incorporating Visual Arts and composed using Scratch 
or tools for video edition.

Teachers (n = 23) of grades 6 to 12 attended the training. It was an open call, 
included in the catalogue of courses offered by the Department of Education to all 
teachers in Primary and Secondary levels. As such, it can be considered a conve-
nience sample.

7.3.2  Description of the Intervention

 (A) Model Digital Story

Firstly, the researchers designed a digital story that was used as a model during 
the training sessions. The process to build the digital story was similar to the cycle 
suggested by Morra (2013), with a special focus on some specific aspects of science 
teaching (Table 7.1).

 (B) Training sessions

The 5 training sessions followed the process described above, interspersed with 
more detailed explanations on topics specific to science teaching, integration of the 
arts and the language, and technological tools. Transversely, it also included refer-
ences to different aspects of Digital Competence (INTEF, 2017). Briefly, contents 
and activities developed in sessions were as shown below and in Table 7.2:

Session 1: Digital narratives

The first session served to introduce the fundamentals of DS; examples from 
journalism, science communication and science education were shown. The exam-
ples were selected to highlight the relevance of designing DS to capturing the atten-
tion of the audience, and making it part of the story, rather than treating them as 
mere consumers. During the session, teachers were requested to do a task where 
they analyzed the narrative strategies, technology and interactivity presented in the 
different examples.

7 Digital Narratives for Biology Learning
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Table 7.1 Design of an example of digital science narrative

STEP (Morra, 2013)
Specific steps suggested in the training (With examples from the 
model story)

1. The idea/topic To define a driving-question: Why do a frog, a mushroom, and a 
woodlouse need water to live? (Cañal de León et al., 2016)
To identify Disciplinary Core Ideas (DCI) (NSTA, 2014b)
−	 LS1.A:	Structure	and	function:	How do the structures of 
organisms relate to life functions?
−	 LS1.B:	Growth	and	development	of	organisms:	How do 
organisms grow and develop?
−	 LS1.C:	Organization	for	matter	and	energy	flow	in	
organisms:	How do organisms obtain and use the matter and energy 
they need to live and grow?
−	 LS2.A:	Independent	relationships	in	ecosystems:	How do 
organisms interact with the living and nonliving environments to 
obtain matter and energy?

To consider Crosscutting concepts (NSTA, 2014a)
−	 systems	and	system	models
−	 energy	and	matter
−	 structure	and	function
−	 diversity	and	unitya

2. Research Use of Thinking routines for exploring ideas (Harvard Graduate 
School for Education, 2020):
Example of Know, Want to Know, Learnt routine:
K :“I know frogs are amphibian thus they need water to reproduce, 
and to breathe.
W: “Why do mushrooms need water?”, “What kind of animal is a 
woodlouse?”

Search for information in our PLEb in Science:
For example: PBSlearning, Khan Academy, Encyclopedia of Life, 
Exploratorium, Proyecto Biosfera.

Design a concept map.
3. The script 
(choose the characters, 
dialogues and scenarios).

−	 Tadpole: “Mum, look what a pretty plant!”
−	 Mother	frog: “It’s not a plant darling, it’s a fungus. 
Fungi feed by decomposing dead organic matter”.

4. Storyboard

Transform the language of the script into images and graphics.
5. Gather and 
create images, audio, 
video

Carlos de Haes
Nijmegen (Holland)
Prado Museum

Designed by the authors (L.Calvelhe)

(continued)
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STEP (Morra, 2013)
Specific steps suggested in the training (With examples from the 
model story)

6. Put it all together Openshot and Scratch, to produce a final mp4 video product.
7. Share The Digital Story created by researchers was shown during teacher 

training (https://youtu.be/VJA3O4Ggqtg).
8. Reflection and 
feedback

Researchers realized the most complex steps of the DS cycle where 
teachers and students will need support.

aCrosscutting concept suggested by (Cañal et al., 2016)
bPLE: Personal Learning Environment: diverse physical locations, contexts, and cultures in which 
students learn

Table 7.1 (continued)

Table 7.2 Content of the training sessions

Title of the session Topics
Area of teacher digital 
competence (INTEF, 2017)

S1. Digital Narratives. Concept of DS. Informational literacy.
S2. Elements for creating 
good histories in biology.

Big ideas and crosscutting 
concepts (CC) in science.
Good questions.
Heuristic tools.

Informational literacy.

S3. Let’s talk biology. Language and scientific 
thinking.
Tools for telling science 
stories.

Problem solving.

S4. Visual Arts (VA) as a tool 
for creating DS.

Consuming and creating VA. Content creation.
Informational literacy.

S5. Digital tools. Scratch and other digital 
edition tools.

Content creation.
Problem solving.
Security.

Session 2: Elements for creating good histories in biology

During this session, the big ideas of science education (Harlen, 2010), scientific 
competence and crosscutting concepts (CC) (NSTA, 2014a) were introduced. 
Researchers also discussed the importance of starting from powerful questions, and 
distinguished among essential, driving and research questions (McTighe & Wiggins, 
2013; Cañal et  al., 2016). To highlight the importance of the interplay between 
activity and theory, the attendees were prompted to reflect on what they knew and 
they needed to know, before starting to write the story.

The session focused on the informational literacy dimensions of Digital 
Competence: where and how to search for information for biology lessons, and also 
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how to organize it. Teachers attending the training performed different tasks during 
this session:

• To analyze the core and crosscutting concepts included in the DS used as a model 
(Why do a frog, a mushroom, and a woodlouse need water to live?)

• To transform this driving question into research and essential questions.
• To perform a thinking routine about the science topic.
• To organize newly gathered information using a concept map (optional).

Session 3: Let’s talk biology

In this third session, researchers discussed the central role of language in the 
building of scientific knowledge, and how the use of proper grammatical structures 
and a lexicon is essential to science communication. Attendees exercised interpret-
ing, expressing ideas or shifting between different modes of representation (draw-
ings, graphics, symbols including equations, etc.).

Session 4: Visual Arts as a tool for creating DS

The following step implies transforming the script into an audiovisual artefact. In 
this fourth session the importance of making a good selection of images, voices and 
audios was discussed. Selection criteria included not only technical features, but 
also transversal elements that contribute to the hidden curriculum in the school. 
Teachers were provided in this session with links to search images with licenses 
compatible with educational uses, and also software to edit them. Together with 
these technical aspects, the trainer emphasized the need to make use of visual arts, 
and consider their intrinsic value in STEAM, which goes beyond illustrating or 
serving to communicate scientific ideas.

The teachers’ task included a reflection about their artistic references, and the 
selection of a background and a character for their own DS, applying the acquired 
tools and strategies.

Session 5: Digital tools

During this session, the researchers showed different software for editing video 
and audio in different platforms. Since there is an ongoing plan in the region to 
provide all secondary school students with Chromebooks and to implement Google 
Classroom, the training was focused on free apps available for the Google Education 
suite and evaluation of its features. As an alternative to videos, Scratch authoring 
tool (https://scratch.mit.edu/) was also introduced to allow for more interactive nar-
rative schemes, while developing other aspects of the Digital Competence.

7.3.3  Research Methodology: Evaluation of the Intervention

The evaluation of the teachers’ outcomes was performed following an interpretative 
qualitative approach. All the pieces of work produced by the attendees were col-
lected, including both the productions during the training sessions and the final 
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Table 7.3 Analysis criteria for the assessments of the teachers’ tasks

Task Analysis criteria

During training sessions
∙	 To	analyze	the	crosscutting	concepts	
(CC)	included	in	the	DS	used	as	a	model.
∙	 To	identify	a	driving	question,	and	to	
transform	it	into	research	and	essential	questions.
∙	 To	gather	information	(informational	
literacy)
∙	 To	use	a	thinking	routine	to	organize	
previous	knowledge	and	the	newly	gathered	
information	(concept	map	or	other).
∙	 To	use	different	modes	of	
representation	(drawings,	graphics,	symbols	
including	equations,	etc.)	to	express	science.

∙	 Crosscutting	concepts	(CC)	
identified,	in	comparison	with	the	CC	
initially	identified	by	researchers.
∙	 The	transformed	questions	met	the	
criteria	of	essential	and	driving	questions.
∙	 Types	of	sources	(descriptive).
∙	 Present/absent.
∙	 The	alternative	modes	of	
representation	convey	the	same	message.

Teachers’ digital stories
∙	 Scientific	content
∙	 Technical	and	artistic	aspects

∙	 Presence	of	driving	question.
∙	 DCI,	CC,	scientific	practices	or	
elements	of	nature	of	science	identifiable	in	
productions.
∙	 Dynamism	of	characters	
expressions	and	dialogues,	role	of	visual	art,	
interactivity.
∙	 Balance	of	content/	technical	
aspects.

story (3 to 5-min video or Scratch story). Individual productions were examined, 
and assessed to evaluate compliance with the quality criteria for each of the tasks 
(Table  7.3). All the evidence was evaluated jointly by the researchers, until full 
agreement was reached. Summaries of the main findings are provided task by task. 
The inferences based on the analysis of the submissions were completed with non- 
formal interactions with the attendees.

7.4  Results

7.4.1  Analysis of Teachers’ Work During the Training Sessions

One of the most complex activities for the teachers was to analyze the core disci-
plinary ideas and crosscutting concepts (CC) included in the model story (Why do a 
frog, a mushroom, and a woodlouse need water to live?). Most of the attendees had 
never considered CC in their science classes, nor were acquainted with this concept. 
Indeed, although all the seven concepts defined by the NSTA (NSTA, 2014a) were 
identified in the model story, only some of them were adequately justified, and the 
proportions were comparable for CC present and absent (according to the judge-
ment of the researchers) (Table 7.4).

By far the most frequently identified concepts were “cause and effect” and “unity 
and diversity”. Except for “stability and change” and “unity and diversity”, the 
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attendees had difficulties in justifying their choice with reasoning that was coherent 
with both the content of the story and the meaning of the concept. For example, 7 
out of 9 alluded to taxonomy to justify the choice of “Patterns”. Almost one third of 
the teachers (6/17) who selected “cause and effect” provided justifications that 
linked with other concepts; namely, “patterns” and “stability and change”.

As for the transformation of questions (driving to essential/ research questions), 
the 19 tasks that were submitted included 22 essential and 29 research questions. 10 
of the 22 (45%) complied with the requisites for being considered essential, and 
resembled the model question. Likewise, 17 (59%) were considered acceptable 
research questions, all of them related to the lack of water in the scenario of the 
model story.

The teachers had no major difficulties in interpreting different graphical repre-
sentations, shifting between modes of representation or expressing meanings using 
graphic organizers.

However, two activities are remarkable for their poor quality. First, only six 
teachers submitted a thinking routine reflecting about the scientific concepts that 
would be included in their own digital story, and only three of them were complete. 
No complete concept maps were submitted. This could be one of the reasons for the 
absence of sound science conceptualization in some of the artifacts. Second, the 
teachers stated limited knowledge about sources of information to prepare their sci-
ence classes, as main sources of information were Google, YouTube and Wikipedia, 
with much lower frequency of specialized science or educational sites.

7.4.2  Analysis of the Teachers’ Final Productions

All the groups submitted a full story complying with the technical and formal 
requirements of the task (format, length, requisites of delivery). All the stories had 
an implicit driving question, explicit science contents, and could potentially be 
linked with one or more crosscutting concepts (Table 7.5).

Table 7.4 Cross-cutting concepts identified by the participants in the model story

Crosscutting concept

Cross-cutting concept identified by 
the researchers in the model story 
(YES/NO) Identified Justified

Cause and effect N 17 8
Unity and diversity Y 16 16
Energy and matter Y 10 5
Patterns N 9 2
Structure and function Y 9 6
Stability and change N 9 7
Systems and system models Y 5 0
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A closer analysis of the content of each of the stories revealed the following 
aspects of interest:

Scientific Content vs. Digital Artifacts
Based on the analysis of the final artifacts (videos or Scratch programs) submitted 
after the training, it became evident that, in most cases, much more time and effort 
had been devoted to the elaboration of the product than to the process of construc-
tion of knowledge. The dialogues with teachers served to confirm this perception.

Nevertheless, the sample of tasks submitted included some interesting examples, 
where scientific concepts (science, how is science, how it is done) were at the cen-
tre. For example, in the story entitled “A drop of water” the dialogues guide obser-
vation of the anatomy of several microorganisms, emphasizing distinguishing 
features and introducing scientific vocabulary in a natural way. In this video, teach-
ers also included procedural aspects such as the use of a microscope.

The video “Everybody moving” succeeded to exploit multimodality, and to com-
bine graphic representations with mathematical formulae and text captions to 
enhance comprehension (Fig. 7.1a).

The video “Model catwalk” is also an excellent example to teach the nature of 
science, showing that science knowledge is limited and subject to change in the 
light of new evidence.

Table 7.5 Components of the digital stories submitted at the end of the training

Title
Driving question/ 
problematic scenario Content Crosscutting concepts

Noe’s mission The “Noe’s rocket”. 
Distribute species in the 
stars of the Milky Way 
Galaxy

Universe and 
biodiversity

Structure and function

Drop by drop, 
stop floodings.

Why do floods happen? Ecosystems; 
interactions, energy 
and dynamics.

Cause/effect

A drop of water How is life in a drop of 
water?

Monera and protista 
kingdom

Patterns
Models and system 
models

“Hidratomik and 
the cells”

Are we the dust of the 
stars?

The origin of life
[In]organic chemistry

Energy and matter
Stability/change

A football match 
in Kepler 10-B

Would it be possible to 
score a goal from mid field 
in Kepler 10B?

Force and movement Cause/effect

Model catwalk The evolution of the atomic 
model

Atomic models Models and system 
models

Everybody 
moving

Will Spiderman and Usain 
Bolt arrive in time to save 
the child?

Movement Energy and matter

7 Digital Narratives for Biology Learning
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Technical and Artistic Aspects in the Videos
The groups made a detailed selection and conscious inclusion of images, some of 
them famous artworks. As it was shown in the training, they even edited images and 
fragments of video that enhanced the quality and dynamism of the productions. 
Although only used by two of the groups, Scratch proved especially useful for intro-
ducing movement and a certain degree of interaction, making the scenes and the 
characters more realistic (especially if they were synchronized with the story), and 
also to add interactivity with the audience (asking questions, for example) 
(Fig. 7.1b).

Digital Competence
We have no evidence about whether there was any improvement in the informa-
tional literacy (increasing the quality or the diversity of the information sources).

In spite of the training specifically addressing the need to consider licenses and 
author’s rights, both when using others’ work and when distributing their own work, 
few groups included credits, specified the license type or referenced their sources 
(Fig. 7.1c).

The interactions with the teachers made evident their self-consciousness about 
their technical command of tools, in spite of the training received (content creation), 
and that this might be limiting their ability to innovate with ICT.

7.5  Discussion

The training sessions, scheduled according to Morra’s 8 steps for DS (Morra, 2013), 
and with constant reference to the model story built by the researchers, were aimed 
to get the attendees familiar with this methodology and facilitate later use in their 
classrooms. Moreover, the sessions sought to emphasize certain aspects that guar-
antee the quality of the process and the product, such as the necessity to structure 
teaching in reference to crosscutting concepts and big ideas, the power of 

Fig. 7.1 Remarkable examples in teachers’ final productions. (left) A graphic representation of 
the parameters needed to solve the question in Everyone moving; (center) Slowmotion in Scratch 
creates the realistic illusion of astronauts floating in Noe’s mission; (right) Final credits and users’ 
licenses
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questioning and the utility of considering alternative representation modes (multilit-
eracy). Lastly, they facilitated teachers’ resources and tools with which they are 
usually not familiar, such as art facilities and coding tools.

The analysis of the productions of the attending teachers during or after the train-
ing shed light on some of the dynamics that emerged and the difficulties they 
encountered during the process. These are developed in the following paragraphs.

As it becomes evident in the final artifacts (videos or short Scratch codes), the 
technological challenge often attracts all the attention, diverting the focus from the 
contents. As it is also common in some instances in PBL, the context – the artifact 
or task – takes over the contents in the control of the real conflict of the project 
(Domènech, 2019). To prevent this, it could be interesting to use a template to make 
explicit the objectives of the project (i.e. to elaborate a video to tell a story) and the 
learning objectives (i.e. science concepts), and to review them at different moments 
during the project development, to analyse where we are exerting more time and 
effort (Domènech, 2019).

Likewise, there was a rapid identification and good assimilation of the method-
ological and technical aspects, such as the incorporation of visual resources or the 
structure of the process. But, at the same time, we observed a great resistance to 
changing the way of delivering scientific contents. Indeed, most of the products 
served to convey a closed fragment of knowledge, far from representing the process 
of knowledge construction. This could be related to the fact that all but two groups 
created lineal, non-interactive videos, the main reason being that they did not feel 
capable of using the Scratch programming interface. The reason they alluded to was 
their perceived lack of confidence in using new digital tools.

This is a clear example that Digital Competence of teachers is not independent, 
but may refrain from pedagogical integration. Indeed, only moderate to high levels 
of technical performance allow for appropriation of ICT, or technology-based inno-
vation (Krumsvik, 2011), while teachers in the sample obtained low to medium 
levels compatible with adoption or implementation.

In the same vein, concepts tended to be treated as isolated concepts (as it happens 
in most classrooms), with difficulties to identify and incorporate crosscutting con-
cepts. It became clear that being able to tell stories enables (but does not guarantee) 
knowledge to be (re)built, and that it is technically feasible to construct narratives 
without developing deep understanding. This raises awareness about the importance 
of ensuring this entailment, if we want Digital Storytelling to have real impact on 
the significant acquisition of concepts.

The gap between the initial expectations and the final result could be attributed 
to several factors, including deeply held beliefs and powerful inertias, and also limi-
tations of the training programme. It was quite a specific programme, that took for 
granted several prerequisites pertaining mainly to science teaching. This was obvi-
ously an overoptimistic assumption; the training should have been longer, and/ or 
started from more basic concepts to make it more meaningful and easier to grasp. 
Other possible limitations were related to the scheduling of the sessions, and of the 
delivery of the final product with respect to the end of the “lectures”. The process of 
creation of the final artifact was a perfect black box for the researchers, who did not 
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get any insight on the progress of the project until it was delivered. In cases requir-
ing such a profound revision of their own schemes, it is essential that the learners 
are accompanied during the process.

To conclude, in the literature, Digital Storytelling (Barrett, 2006; Robin, 2005; 
Robin & Pierson, 2005; Sadik, 2008) is presented as a methodology with positive 
impact on students’ deeper learning of science content, and that can also be a very 
motivating activity for twenty-first century students, who are used to communicat-
ing in a digital environment. In our experience, DS may be also a transversal 
approach that allows integration of arts and digital competences, fostering multilit-
eracy. However, this process of creation of knowledge, especially in terms of sci-
ence learning, is a complex process that requires time and significant supervision 
during the construction process.
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Chapter 8
Digital First? Effects of Digital 
and Analogue Learning Tools on the Plant 
Knowledge Acquisition of Future Biology 
Teachers

Lars Emmerichs, Meike Mohneke, Sandra Hofhues, and Kirsten Schlüter

8.1  Introduction

Digital tools such as smartphones, laptops and tablets increasingly play an essential 
role in everyday life of our society as well as in everyday life of pupils (Kuhn et al., 
2017). Thus, the use of digital media can be didactically justified relating to every-
day life (ibid.).

The International Computer and Information Literacy Study (ICILS by European 
Commission, 2014) shows that Germany is at the lower end regarding the use of 
digital media in teaching environments. According to current results, the conditions 
for learning with digital media have changed very little in Germany since the start 
of the ICILS study in 2013 (Eickelmann et al., 2019).

From the end of the 1990s onwards, the “Schulen ans Netz” initiative took place 
in Germany, which led to the introduction and increasing use of mobile devices. 
However, Petko (2012) stated that the integration of digital media was not progress-
ing as hoped. According to more recent data, the average ratio of students to com-
puters at German schools is 11.5 to 1. For this reason, the smartphone appears to be 
a suitable medium, since it can generally be assumed that every learner in the higher 
grades has his or her own device (Rathgeb et al., 2020). Based on students being 
well equipped with smartphones the expression ‘Bring your own device (BYOD)’ 
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was established in the research landscape. Therefore, at the time of this study, the 
smartphone was the medium of choice.

The following section presents concepts that have already been used to examine 
the effectiveness of digital media in science learning contexts. Lenz (2003) points 
out that for sustainable learning, action orientation should take precedence over 
purely cognitive queries. Of course, action orientation is not limited to digital media. 
Nevertheless, digital media seem to offer more scope due to their more flexible 
structure. West and Vosloo (2015) stated that due to the technical possibilities and 
the great familiarity of learners with such devices, the use of digital media will 
enrich teaching. However, it was found that digital content is often predetermined 
and not adaptable, as most teachers cannot be assumed to have specific program-
ming skills. This was the starting point for Dellbrügge and Marohn (2017) to 
develop their concept “Choice2Interact”. This concept includes various design crite-
ria for creating digital learning environments in Prezi (a platform-independent, but 
cloud-dependent presentation program). The pupils received a ready-made learning 
environment that contained the contents of a lesson or even a whole series of les-
sons. The structure of this learning environment offered their users learning paths 
that they could follow in a self-determined way (a strategy which had already been 
suggested by Krause & Eilks, 2014). In addition, Dellbrügge and Marohn (2017) 
presented mobility as a major advantage in their concept, as the content is theoreti-
cally available everywhere. The same advantage was also mentioned by Schulz- 
Zander (2005), who pointed out that digital tools offer teaching and learning 
independently of place and time. In another study Hermes and Kuckuck (2016) 
dealt with a different digital learning tool called Actionbound. By embedding play-
ful elements and competitive tasks into this digital learning tool, learning contexts 
that promote motivation were generated.

However, it is still questionable whether these playful digital elements have a 
lasting impact on learning success. As an additional advantage of digital learning 
pathways, the authors stated that no expensive information boards (or in the case of 
our study: identification guidebooks) needed to be purchased and that digitally 
available boards can be accessed individually. Weng and Pfeiffer (2016) pointed out 
another advantage of digital media, which is that learning is most efficient when 
learners are able to communicate what they are currently learning or have learned to 
a recipient. Digital media can offer opportunities for extended communication 
through their technical possibilities (e.g. instant messaging service). This makes it 
possible to interact with others regardless of location or time (Fauville et al., 2014). 
Again, this is an aspect that may support non-linear learning strategies. These non- 
linear learning strategies can particularly favor the development of procedural 
knowledge (Kuhn et al., 2017; Petko, 2012), which from our point of view, refers to 
perceiving and adapting one’s own learning strategies more consciously. Based on 
these many expected benefits, biology education research should set a deeper focus 
on the design of digital learning environments and application of digital media in 
teaching.

Jäkel and Schaer (2004) pointed out that students’ species knowledge, especially 
regarding native organisms, is deficient. Several studies have proven this (Tunnicliffe 
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& Reiss, 2010;  Gatt et  al., 2007; Hesse, 2000;  Wandersee and Schussler 1999; 
Mayer, 1995; Pfligersdorffer, 1991). Wandersee and Schussler (1999) even use the 
term “plant blindness”. They state, that for the untrained eye, plants form an anony-
mous green mass without individuality (Tunnicliffe, 2001). For these reasons, the 
subject of botany should receive much more attention in biology education 
(Wandersee & Schussler, 1999; Lock, 1995). Unfortunately, there has been little 
work on how species knowledge can be improved through teaching and which 
methods are particularly suitable for this (Pews-Hocke, 1995). Randier (2002) rec-
ommends that student-focused teaching should be combined with teacher-focused 
teaching to encourage individual work and group work. He states that students learn 
more actively when working independently. Once a good knowledge base has been 
generated, Randier (ibid.) considers field trips to be useful to put the acquired 
knowledge into an ecological context.

8.2  Aims and Research Question

The present study aims to contribute towards counteracting the deficit in plant 
species knowledge by integrating the use of digital media in plant identification 
lessons. The starting point for this were teacher training courses at the university, as 
student teachers may later act as multipliers. The aim being addressed was to deter-
mine the influence that two different consolidation methods (analogue and digital) 
might have on acquiring and/or retaining plant species knowledge. Both consolida-
tion methods used should lead to an increased elaboration of the previously covered 
content (referring to distinguishing features of certain plant families), but for both 
methods this elaboration process probably happened in different ways. While the 
intervention group worked on observation tasks under their own guidance by using 
an app (Biparcours), a second group of students (control group) applied a classical 
identification key for species identification. The research question therefore was:

What influence does the Biparcours app have on the acquisition (and retention) 
of plant knowledge by future biology teachers in comparison to an analogue learn-
ing form?

Both treatments seemed to be suitable for the groups to repeat characteristics of 
the plant families dealt with and to get to know selected representatives of these 
plant families in more detail. However, we assumed that students using the digital 
application would show a better performance in a subsequent test addressing plant 
species knowledge than the students using a traditional identification guide. The 
reasons for our hypothesis are as follows:

 1. Classical identification guides usually apply dichotomous identification keys as 
opposed to non-linear learning paths. These identification keys are made of 
many individual questions which must be answered in a specific order. If a per-
son cannot answer one of the many dichotomous questions, he or she will most 
likely not achieve the given goal. Dichotomous identification keys are therefore 
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not very tolerant of errors or lack of knowledge. These challenges can partly be 
overcome by using an app offering independent observations tasks, which do not 
build on each other.

 2. The questions in the app focus on what is specific to a particular plant species 
and thus put the spotlight on a few preselected features. In contrast, identification 
guides list many features, whereby the central features can easily be overlooked.

 3. A traditional dichotomous identification key consists primarily of text elements 
and just a very few illustrations. In addition, each identification step covers the 
same task which is to compare a written identification characteristic with the 
plant material at hand. Because of this monotony, plant identification can easily 
be seen as a boring task and might have a negative effect on motivation. Using 
the app should lead to an advantage in this respect because very different types 
of tasks can be used which also may include playful elements and may address 
plant use in everyday life (see Sect. 3.1).

 4. Traditional identification lessons still often take place in the classroom (according 
to the authors’ experience). The teacher brings previously collected plants to the 
course, which are then identified by using a classical identification key. This is 
time-efficient for the teacher and allows the lesson to run according to the 
teacher’s planning. Of course, it would also be possible to go out into nature with 
an identification book, but this is rarely done. An app could facilitate this step of 
looking at plants in their natural habitat, e.g. through other types of tasks that 
require going out and finding a described plant species in nature. This can be 
motivating for the students, because plant hunting and moving around in nature 
may be fun. It is also possible, that plants in nature are perceived as more aes-
thetic, because they are not lying plucked out on the table. Furthermore, there is 
the possibility of learning additional information about the habitat and the range 
of trait variation in a plant species. In addition, Lai et al. (2007) showed that 
higher order learning outcomes can be achieved when learners use mobile 
devices outdoors instead of paper and pencil.

 5. If, based on the tasks in the app, a person has found places where this plant 
species naturally occurs, and if this person passes these places more often, then 
he or she will be reminded of the plant species again. This opportunity for 
repetition is missing when working with a classical identification book.

8.3  Methods

8.3.1  Biparcours Application

Biparcours is an app for creating digital learning offers in educational contexts and 
for fostering the use of extracurricular learning locations. The supplier 
(Bildungspartner NRW) provides schools and their partners with an interactive, 
multimedia learning tool free of charge. The app can be used to convey information 
in different ways and to integrate different types of tasks that need to be solved. 
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Possible components of the app are (1) quiz elements, (2) recording of photos, vid-
eos and audio elements, (3) QR codes, (4) text elements, and (5) coordinates for 
reaching a certain location. Figure 8.1 shows three examples of such different types 
of tasks, while Fig. 8.2 depicts examples of students’ work results. The app allows 
users to navigate through the material in a self-determined way. If a person answers 
a question incorrectly due to the lack of knowledge, he or she can still continue to 
work in a proper way (which is different with a classic identification key).

8.3.2  Design and Procedure

Based on previous research and the technical possibilities offered by the app, the 
working hypothesis of the study was, that learners who use the digital tool to acquire 
plant species knowledge, achieve correct answers with greater frequency in a subse-
quent test than when using analogue learning forms.

The study referred to an university seminar called “Identification Exercises in 
Botany” in the Bachelor’s programme for biology student teachers. In 2018, a pilot 
study was conducted to test the different survey instruments as well as the app as a 
consolidation and learning method. The pilot study did not have a control group 
design, because it served just as a preparation for the main study in terms of a 
design-based research approach. The main study took place from April to June 
2019. The course structure contained a theoretical input given by the lecturer as well 

Fig. 8.1 Examples from the Asteraceae parcours
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as learning stations which addressed five different plant families (Asteraceae, 
Brassicaceae, Lamiaceae, Rosaceae, Fabaceae). While this theoretical introductory 
part was the same in both, the intervention and control group, these groups differed 
in the subsequent practical part. In the intervention group, the learners used the digi-
tal tool Biparcours app to deepen their knowledge of plant species outdoors in 
nature. When using the app, students were asked to look for specific plant species in 
nature, to describe their distinctive features and to photograph them. The control 
group instead, studied the same plant species by using an identification book with a 
simplified, shortened version of a dichotomous identification key and performed the 
identification tasks inside the classroom. To ensure comparability, the plants to be 
identified were identical in both groups. The representatives of the different plant 
families were selected according to their seasonal appearance and to easy recogni-
tion of the specific identification features, which had been discussed theoretically in 
the introductory course part.

For the study, two very different learning scenarios were compared: classical book-
based identification exercises in the classroom using just one repetitive task format 
versus app-based identification exercises in nature using different task formats. Thus, 
not only one variable was changed, but different variables. The reason for this was to 
compare two contrary teaching formats as typically found in university courses or 
school lessons. We hereby wanted to achieve ecological validity according to 
Bronfenbrenner’s definition: “Ecological validity refers to the extent to which the 
environment experienced by the subjects in a scientific investigation has the properties 
it is supposed or assumed to have by the investigator” (Bronfenbrenner, 1979, p.29).

8.3.3  Sample

In order to analyze students’ learning progress, a total of six courses (N = 125) were 
examined. These were parallel courses at the same university taken by student teach-
ers in their fourth bachelor’s degree semester in biology. The courses were divided 
into three control and three experimental groups. An intervention study was done 

Fig. 8.2 Examples from the task: Photograph the tubular flowers of a daisy
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using a pre-post design. Only students who participated in the pretest and posttest 
were considered in the present study. The intervention group comprised a total of 57 
participants (46 female, 9 male, and 2 diverse) and the control group a total of 41 
participants (32 female, and 9 male). In the intervention group, the average age of the 
students was 22.2 (SD = 2.86) years, and the control group had an average age of 
22.1 (SD = 1.52) years. All participants were randomly assigned to the two groups 
before the course started. The test persons were anonymized by a code, and all data 
were collected in compliance with the data protection regulation (EU-DSGVO).

8.3.4  Instrument

In order to examine students’ knowledge gains concerning plant species, a self- 
developed knowledge test (15 items) was applied (questionnaire available at: https://
osf.io/e4zr5/). The adequacy of the items was assessed by two experienced biology 
lecturers. The items were constructed as single-choice questions with four response 
options. The answers were dichotomously scored (0 = wrong answer; 1 = correct 
answer). One point could be given per question. The maximum achievable score 
was 15 points in total with a high sum score indicating high plant knowledge. Pre- 
and posttest (April and June 2019), between which there were four seminar dates, 
contained the same questions but in different orders and with different plant pic-
tures. The participants had no access to their test results. The main focus of the test 
was on the characteristics of the treated plant families and species, whereby each 
family was covered by 3 items (with one exemption, where the preference was given 
to a more general question). Furthermore, item formulation was based on the crite-
ria for good questions, e. g. simple language, clearly formulated, focused on a single 
issue (Beller, 2016). All data were collected using the survey program ‘qualtricsxm’. 
All results were calculated with the statistics software “IBM SPSS Statistics 26”. 
For the items analysis, the limit values given by Moosbrugger and Kelava (2012) 
were used. According to this, all items with discriminatory power of r > .3 and item 
difficulties between p = .2 and p = .8 were taken into account for the score forma-
tion. Only one item did not meet the selection criteria. It was nevertheless retained 
in the test because it referred to the basic aspect of knowing different classification 
levels (taxonomy). For reliability analysis, Cronbach’s alpha was calculated to 
assess the internal consistency of the knowledge tests. The internal consistency of 
the pretest (15 Items; 𝛼 = .31, M = 5.90, SD = 1.68) was lower than the posttest (15 
Items; 𝛼 = .63, M = 10.48, SD = 1.82).

8.4  Results

A mixed analysis of variance (relevant conditions were checked in advance) was 
executed to investigate whether there is a difference in students’ knowledge 
growth between pre-test and post-test (effect by ‘time’) and whether knowledge 
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growth differs between the two groups (interaction effect between ‘time’ and 
‘group’). A within-group effect was observed: students’ knowledge significantly 
improved from pre- to post-test, F(1, 96) = 403.52, p <  .001, partial η2 = .81. 
There was no between- group effect, which means that the knowledge level of 
the intervention group did not differ significantly from that of the control group, 
F(1, 96) = 2.065, p = .154, partial η2 = .02. In addition, there was no statistically 
significant difference concerning the interaction effect, F(1, 96)  =  3.331, 
p = .071, partial η2 = .34. These results disprove our hypothesis that our digital 
learning tool (here: Biparcours app) would be more conducive to knowledge 
growth than an analog learning tool (here: plant identification book) (Fig. 8.3).

8.5  Discussion

8.5.1  Gain of Knowledge

The results of the post-test showed a significant increase in knowledge growth for 
both groups compared to the results of the pre-test. However, there was no signifi-
cant difference regarding the interaction effect between ‘time’ and ‘group’. Thus, 

Fig. 8.3 Test results for the intervention group at the time of pre- and post-test
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the working hypothesis has to be rejected, because teaching with a digital applica-
tion did not lead to better plant knowledge than using a traditional identification 
guide. Both, the digital and the analogue teaching approach, affected learning in a 
positive way, so that one can speak of an almost equally good increase in perfor-
mance. There may be different explanations, why the intervention group that worked 
with the app did not perform any better than the control group:

 1. When working with a classical identification book, the depth of information 
processing being achieved may be even higher than when working with an app. 
A possible reason for this could be that each identification step in an identification 
book corresponds to an application task at the same time. When reading a dichot-
omous identification statement, one has to visualize it mentally and compare it to 
the plant sample at hand. This hypothesis corresponds to some extent with theo-
retical statements by Bohnsack (2009, p.  299): “Images are implicated in all 
signs or systems of meaning. In the terms of semiotics, a specific “signified” 
which is associated with a specific “signifier” (for instance a word) is not a thing, 
but a mental image.” This would mean that when one hears or reads the word 
flower, one tends to refer to an abstract image of a flower in one’s mind. In addi-
tion, with each identification process, one goes through the identification criteria 
of an identification book anew and thus repeats them permanently.

 2. The playful elements of the app, the reference to some everyday use of the plant 
species dealt with, the search for these plant species in the surrounding area 
(with the latter tempting one to engage with diverse, non-target explorations) – 
these may all have been distracting factors that prevented the student teachers 
from concentrating only on what was essential, i.e. the respective special charac-
teristics of the plants. In this respect, a cognitive overload (Chandler & Sweller, 
1991) may have occurred with the app, in that important information was not 
sufficiently separated from rather extraneous information (although this could be 
a similar effect as the cognitive overload caused by the many individual compari-
sons one has to make when working with a classic identification book).

 3. For the study group, i.e. student teachers in biology, it could be assumed that 
they were relatively motivated individuals with an interest in the subject and thus 
also in knowledge about plants. In this case, the chosen method of learning about 
plants would have less impact on the learning outcome than if the study was 
conducted with a different target group, such as pupils, whose interests are more 
diverse and less focused on biology and plants.

8.5.2  Limitations of the Study and Implications 
for Further Research

There are some limitations of the study that affect data interpretation and should be 
considered for the design of subsequent studies.
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 1. The two teaching approaches might rather have led to different effects, when the 
practical part of the seminar (teaching with the app versus teaching with analo-
gous material) had covered the whole time of the seminar. For this purpose, 
however, the basic taught information phase about plant families should be inter-
woven with the practical part of the seminar, and must thus be integrated into the 
app as well as into the work with the identification guide. This requires a signifi-
cant expansion of the app, as it is then used not just primarily for consolidation 
purposes but also for basic knowledge transfer.

 2. It would have been revealing to have a second control group where only the basic 
information would have been given, without the practical identification phase 
that followed. In this way, one could have analysed how much knowledge was 
gained through the practical parts of the seminar or if most of the information 
was already conveyed through the basic unit. The reason for omitting such a 
second control group was that otherwise the group sizes would have been 
too small.

 3. In terms of their design, the two teaching approaches were oriented as closely as 
possible to classroom reality and thus had a high ecological validity. As a result, 
however, these approaches differed in several aspects and not just in one vari-
able. In order to achieve greater comparability of the two teaching approaches, 
both the app and the identification book could be worked with outdoors, for 
example. However, it is questionable whether this alignment of study conditions 
would really lead to different results. The expectation would rather be that the 
likelihood for different learning gains to occur would be reduced due to the 
greater similarity of the study conditions.

A final question that ultimately arises is, what features do apps need to have in 
order to bring about additional learning gains? Perhaps such an app should combine 
potential advantages of an identification book (frequent repetition of identifying 
features, continuous comparisons between the described features and the original 
plant, stimulating mental visualisation of contrasting features) and potential advan-
tages of a digital learning tool (such as error tolerance through independent tasks, 
diverse activity options, focus on particularly prominent features, and easy use in 
the field). However, whether these are really effective design criteria needs to be 
investigated through separate surveys. These surveys should also refer to interview 
studies in which participants assess which app and task design is effective for them 
and for what reasons.
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Chapter 9
Comparing Inquiry-Based Learning 
and Interactive Lectures While Teaching 
Physiology to Undergraduate Students

Yvette Samaha and Assaad Yammine

9.1  Introduction

Although inquiry-based learning (IBL) is widely advocated in higher education 
(The Boyer Commission, 1998; Brew, 2003; Healey, 2005; Spronken-Smith et al., 
2007), there is relatively little research on its usefulness at the post-secondary level 
(Spronken-Smith et al., 2011; Helle et al., 2006). However, recently, there has been 
an increased interest in this research topic, including detailed case studies compar-
ing different forms of IBL (Spronken-Smith & Walker, 2010), and a study on the 
impact of IBL on the learning outcomes of social science students (Justice 
et al., 2009).

We currently have little knowledge, particularly in Lebanon, about the impact of 
IBL on the learning outcomes of students studying biology at the post-secondary 
level. To address this issue, this study examines the impact of IBL on the learning 
outcomes of 57 physical education (PE) students in a general physiology course on 
muscle fibre function. Our study may provide a starting point to address certain 
concerns of some university teachers, such as IBL not being suitable for first/sec-
ond year undergraduate students, or IBL being solely usefully in schools (elemen-
tary, or especially intermediate level). Furthermore, this study can help identify the 
means to foster the link between research and IBL teaching practices, that are spe-
cific to a subject area, namely biology (Healey, 2005). Our study also provides key 
ingredients and procedures for designing a teaching unit for an inquiry-based biol-
ogy course. This investigative model is applicable and will help faculty members 
from various disciplines, including biology, to develop an innovative way to engage 
students in active learning.
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In this chapter, we present a brief review of how IBL has been described in the 
literature. According to Justice et al. (2007), IBL refers to:

…a range of instructional practices that promote student learning through student-driven 
and instructor-guided investigations of student “centered” questions (p.202).

Spronken-Smith et  al. (2007) have emphasized that IBL is a student-centered 
approach in which teachers play the role of facilitators. This approach should be 
question-driven or problem-driven and based on seeking out and acquiring new 
knowledge. Similarly, Oliver (2008) described IBL as the set of pedagogical 
approaches in which “some form of problem or task serves as a catalyst for student 
engagement and participation” (p.287). According to him learning is a consequence 
of the information processing that occurs as students explore the problem and seek 
to solve it.

Although the definitions differ, authors generally view IBL as a learning activity 
in which students conduct some form of inquiry that may be either question- oriented 
or problem-oriented. This conception will serve as a basis for our analysis com-
pared to interactive lecture-based teaching (IL), which mainly promotes the expo-
sure of a content or a subject with no emphasis on engaging students in hands-on 
activities. In the latter approach, students are mostly passive participants.

The Boyer Commission (1998) described IBL as capable of developing in stu-
dents “a spirit of inquiry”. Justice et al. (2007) state that IBL can promote students’ 
ability to “think critically and reflectively about the production of knowledge” 
(p.203). In the same vein, Spronken-Smith et al. (2007) speak of IBL as a pedagogy 
which allows “pupils to experience the processes of knowledge creation”. IBL is 
therefore a pedagogical approach including the development of critical thinking and 
the design of strategies that students develop in a learning context. The implementa-
tion of this kind of approach has been extremely successful in increasing student 
interest and understanding of concepts in the fields of bioinformatics and molecular 
biology (D’Costa & Shepherd, 2009; Lau & Robinson, 2009).

Students’ lack of interest in pursuing scientific studies has been attributed to a 
range of factors, including unattractive pedagogical approaches and stereotypical 
academic practices (Boilevin, 2014). Poumay (2014) identified six levers for 
improving the learning of higher education students. The first lever concerns the 
concept of constructive alignment; the teacher aims to improve the educational 
alignment between objectives, methods, and evaluation within the course. The sec-
ond lever aims to engage students in active learning. The third, fourth and fifth 
levers concern the factors contributing to students’ motivation and autonomy. In 
particular, the instructor will have to give meaning to the activities by bringing them 
closer to the students’ future professional experiences (third lever), to increase the 
students’ sense of mastery or competence (fourth lever), and to give the students 
more control over the proposed activities and autonomy in the conduct of his/her 
learning (fifth lever). The sixth lever concerns the introduction of Information and 
Communication Technologies in Education.

It is worth mentioning that IBL implementation presents some challenges, 
including the teacher’s readiness to implement it. IBL is influenced by the teacher’s 
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beliefs, values, knowledge and skills, as well as student’s interest in being involved 
in the inquiry process (for a review, see Khalaf, 2018). These challenges may be the 
reason behind lectures still being widely used by university instructors. However, it 
is well known that students’ attention decreases after 20 min of a lecture (Roopa 
et  al., 2013). Fortunately, with a little twist, lecturing can turn into an effective 
instructional method that favors organization and knowledge transmission (Snell, 
1999). In fact, learners better remember the content of a course when it includes 
brief activities, and when they engage in tasks such as thinking, reading, writing, 
and talking (Nabors, 2012). In this paper, this instructional method will be referred 
to as interactive lectures (IL). This method requires less time in terms of preparation 
and implementation when compared to IBL.  Additionally, it does not seem to 
require curriculum development, training, or guidance of an instructional designer.

To our knowledge, there are no studies on IBL or comparing IBL and IL in the 
Lebanese higher education context. This study may spark instructors’ interest in 
experimenting with novel teaching strategies.

9.2  Research Questions

In the context presented above, this study addresses the following questions:

 1. What are the contributions of IBL implementation in terms of knowledge acqui-
sition in the context of teaching general physiology to first year undergraduate 
students?

 2. How efficient is IBL compared to the preferred teaching method in university 
education (i.e. interactive lectures)?

 3. Does the efficiency of IBL vary depending on variables such as the educational 
background of students?

In this study, we are putting IBL to the test by using a university context and its 
real-time constraints. Since the goal is to contribute to the academic success of stu-
dents, we are investigating whether the IBL contributes to the acquisition of learn-
ing outcomes.

9.3  Research Design and Methods

9.3.1  Participants

The target population in this study is Physical Education (PE) students (N = 57) 
enrolled in a General Physiology first-year undergraduate course, at the Faculty of 
Education of the Lebanese University. All students enrolled in this course were 
initially included in the study. They come from a variety of educational backgrounds 
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and, therefore, do not have the same level of knowledge in biology. There are two 
sections of this course. In this study, we implement either IBL or IL in each section, 
and we compared the effect of the methods on students’ learning about muscle func-
tion. We also checked whether these methods may reduce the gap between students 
having a strong educational background (i.e. those holding a life sciences high 
school baccalaureate – LS students), and those with a weaker background in biol-
ogy (e.g. students holding a socio-economics baccalaureate  – SE students). The 
students belonged initially to two different sections (22 in section A and 35 in sec-
tion B). Students that were present at all the phases of the study were included in the 
study (17 in section A and 20 in section B). The PE students hold a variety of high 
school baccalaureates as shown in Table 9.1.

9.3.2  Experimental Design

A quasi-experimental non-equivalent group design was used. The intervention was 
preceded and followed by a test to determine the students’ level of understanding of 
muscle function (See Fig.  9.1). Some students (n  =  5), belonging to section B, 
showed remarkable previous knowledge, and were excluded from the study. The 
teaching methods were randomly assigned to the sections. Section A was taught 
using IBL (n = 17) and section B using IL (n = 15) (See Table 9.1 for participants’ 
distribution according to instructional methods and educational background).

9.3.3  Instructional Methods

The two instructional methods were implemented to achieve the understanding of 
the following concepts: pathways of ATP production, substrates used, types of mus-
cle fibres, type of activities for which they are recruited. The lesson plans and docu-
ments were prepared by the researchers and validated by the course instructor. The 
documents to be analyzed by students were prepared for the IBL group. Following 
their validation by the course instructor, the lesson plan and documents were modi-
fied to suit the IL instructional method, and in turn, were also validated by the 
instructor.

Table 9.1 Participants’ distribution according to instructional methods and educational 
background

IBL (Section A, n = 17) IL (Section B, n = 15)

Socio-economy 11 5
Life science 6 4
Other 0 6
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Although both methods are based on document analysis, they are fundamentally 
different in the level of learner participation required, the number of learners who 
can participate in the discussion, the teacher’s position in the knowledge guide- 
transmitter continuum, as well as in terms of time management. Each method has its 
sets of advantages and challenges. On one hand, IBL requires a more visible partici-
pation on the part of the student, the students collaborate in the construction of their 
knowledge, and the teacher acts as a guide. On the other hand, IBL may require the 
reduction of the curriculum as IBL implementation is more time consuming than 
lecturing. Concerning IL, the teacher has greater control over time and class man-
agement compared to the IBL. Yet, students are still encouraged to actively engage 
in the construction of their own knowledge by participation to various activities 
such as whole-class discussions.

9.3.3.1  The Inquiry-Based Learning Session

We applied IBL with the dual objective of initiating students to the inquiry process 
and help them understand the functioning of muscle fibres. According to the four 
levels of IBL by Banchi and Bell (2008), we chose the procedure to be followed by 
the students during the investigation, as well as the documents to be analyzed and 
the questions to guide them in their analysis. Students were asked to validate or to 
refute their hypotheses based on the data they analyzed.

Although some of the knowledge was imparted to them in grade 11, the results 
of the pre-tests indicated a low level of knowledge. In the following we describe 
how the IBL session was run. The triggering situation (hook) was the follow-
ing story:

Jana decides to participate in the Beirut Marathon. She eats a banana, an orange, and a 
cereal bar for breakfast. She then joins Jad, Khaled and Joanna at the marathon. After few 
minutes from the start of the marathon, she feels that her heart is beating faster. She starts 
breathing heavily. She feels hot and she starts sweating. Twenty minutes later, she begins to 
feel tired and has a burning sensation in her legs. She attempts a sprint, but after few metres 
she falls on her knees exhausted and completely out of breath.

Fig. 9.1 Diagram summarizing the steps of the study
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This problem situation was chosen because it is supposed to arouse the curiosity of 
the PE students as many are planning to become personal trainers. More impor-
tantly, this situation is reminiscent of various concepts related to the operation of 
muscle fibres:

 – The diet to follow should be adequate to the type of activity as a means of provid-
ing the necessary nutrients for muscle fibres;

 – The aerobic pathway of ATP production and its signs: acceleration of breathing 
and heart rate;

 – The anaerobic lactic pathway: burning sensation in the muscles;
 – The anaerobic alactic route: during the 150 m sprint;
 – The different types of fibres and the type of activity for which each is recruited.

The students analyzed and discussed the situation in teams and then with the 
whole class. The discussion was guided to help in the identification of a problem 
that could be answered using the documents prepared in advance. The students 
suggested questions that were discussed and rephrased. For example, the follow-
ing question “How come she was already tired and managed to sprint?” was 
rephrased to “How did Jana’s muscles allow her to sprint although she was 
already tired?”

Students discussed this in their respective teams and several hypotheses were 
generated. The hypotheses were summarized as follow:

 – Jana’s breakfast was not enough to produce enough ATP (energy reserves 
assumption);

 – There may be different types of muscles; muscles that allow you to run a mara-
thon and others to sprint;

 – The amount of ATP needed for a sprint is less than that needed for a marathon;
 – There are different means of ATP production.

Students then analyzed the documents and answered the questions in the docu-
ments in teams. The goal of this collaborative activity was to guide students into 
checking their explanatory hypotheses in response to the above question. The stu-
dents analyzed five documents:

 – Document 1: The three ATP production mechanisms and their response time;
 – Document 2: Muscle metabolism;
 – Document 3: Electronography of muscle fibres;
 – Document 4: Characteristics of muscle fibres;
 – Document 5: Different types of activity.

We were available to guide students in their analysis when needed. At several 
points during the section, we discussed the answers as a class to confirm that each 
document has been properly analyzed by the teams. Students referred to their 
hypothesis and critiqued it during the whole-class discussions.
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9.3.3.2  The Interactive Lecture Session

During IL, students analyzed documents organized in a PowerPoint file, first indi-
vidually then collectively. These documents were the same as those analyzed during 
the IBL session. Before the start of the session, we made it clear to them that, for the 
purpose of the study, they should engage in the whole-class discussion and not 
engage in pairs or group discussions. The session began with a reminder of the 
mechanism of muscle contraction explained in the previous session, highlighting 
the essential role of ATP in muscle contraction.

Then we distributed to the students a paper version of the documents to be ana-
lyzed. Two activities were carried out using the information found in the documents 
analyzed. The first activity consisted of the filling of a table on the characteristics of 
the three pathways of ATP production. The second activity involved the determina-
tion of the type of muscle fibre employed for several activities.

9.3.4  Instruments

A pre-test (Appendix A) and a post-test (Appendix B) were used to determine stu-
dents’ understanding of the following concepts: pathways of ATP production, sub-
strates used, types of muscle fibres, type of activities for which they are recruited. 
The tests were prepared by the researchers and then were validated by the course 
instructor as measuring the attainment of the intended learning goals. Firstly, the 
expected learning outcomes were determined. Then the tests were prepared as fol-
lows: a set of exercises targeting the learning outcomes were elaborated (an even 
number for each outcome), then the exercises were separated into two tests ran-
domly to get both tests measuring the same learning outcomes. Next, the tests were 
randomly assigned, one as the pretest and the other as the post-test. The pretest was 
composed of 5 multiple choice questions and 10 short answer questions. The post- 
test was composed of 4 multiple choice questions, 10 short answer questions, and 
one fill in the blanks question. The pretest was to check whether students had no 
remarkable previous knowledge related to muscle function, and whether there was 
a statistically significant difference between the means on the pretest of the two 
groups. The tests were based on a 20-point scale. The scores of the pretest and post- 
test were used to calculate the relative gain of each individual student.

9.3.5  Statistical Analysis

The relative gain (RG) was calculated using the following formula (Duroisin 
et al., 2011):

(Post score – Prescore)/(Maximum score – Prescore) ×100. Since the sample size 
was small (less than 50 per group and subgroup), Shapiro-Wilk tests were run to 
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check if the distribution of our data was close to normal and chose the appropriate 
statistical tests accordingly to compare means. A value of p < .05 was considered 
significant. The results of Shapiro-Wilk tests indicated that the data distributions 
were close to normal (p >  .05). Therefore, student t tests (parametric tests) were 
used to detect significant differences between the means. Paired t tests were used to 
compare the means of the pretest and post-test scores within a group, and indepen-
dent t tests were used to compare the means of the pretest or post-test scores between 
the two groups.

9.4  Results

The means of the scores were out of 20. The mean of pre-test scores of IBL (3.02) 
and IL (3.53) were not significantly different (p = .34). The initial level of the two 
groups was considered similar (Fig. 9.2). The mean of the posttest scores (IL: 9.53 
and IBL: 9.63) was significantly greater than the mean of the pretest for both groups 
(p = .00; Fig. 9.2). There was no significant difference between the means of the 
post-test scores of the two groups (p = .93; Fig. 9.2).

This result shows that resorting to IBL in undergraduate education is absolutely 
possible, and that, the same as with IL, IBL contributes to the acquisition of learning 
goals in the context of a biology course. The main benefit of IBL is that it represents 
a concrete application of Poumay’s (2014) levers for improving the learning of 
higher education students. In fact, in view of these levers, an IBL strategy may 
improve PE undergraduate students’ learning. IBL can include activities in which 
students will have to act as professional exercise scientists (2nd and 3rd levers). 
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These activities would also increase students’ sense of mastery or competence (4th 
lever), and allow them to have more autonomy and control over the learning process 
(5th lever).

The relative gain (RG) allows the calculation of students’ progress, regardless of 
their initial level. An RG greater than 30% indicates a positive learning effect 
(Temperman et  al., 2018). The RG mean of both groups was greater than 30%, 
showing a positive learning effect of both instructional methods. The mean was 
greater for the IBL (38.50%) than for the IL group (36.00%), but not significantly 
(p = .36; Fig. 9.3).

The RG mean of socio-economics baccalaureate students (SE students), who 
were in the IBL group (n = 11; mean = 40.36%) was greater than 30%, unlike that 
of SE students in the IL group (n = 5; mean = 23.51%), indicating a positive learn-
ing effect of IBL on SE students. Additionally, RG means of SE in the IBL group 
was about twice that of those in the IL group, although this difference was not sta-
tistically significant (p = .13; Fig. 9.3).

The mean of the relative gains of life sciences students (LS students) was greater 
than 30% in both groups. The mean of those in the IBL group (n = 6; mean = 35.07%) 
was lower than that of those in the IL group (n = 4; mean = 39.75%). However, this 
difference was not statistically significantly (p = .91; Fig. 9.3).

Thus, IBL efficiency seems to vary depending on students’ educational 
background.

9.5  Discussion

There was a significant difference between the scores on the pre-test and the post- 
test in both groups. This result was expected as most students did not have prior 
knowledge of the material. However, the objective was to check that the 
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improvement in the scores is not simply due to chance (i.e. p values are <.05). The 
results of our study are in line with other studies showing the remarkable effect of 
IBL on achievement (Abdi, 2014; Akpullukçu & Gunay, 2011; Justice et al., 2009; 
Pandey et al., 2011, Seyhan & Morgil, 2007; Wilson et al., 2010). Our results also 
confirm those of other studies showing the positive effect of IL on academic perfor-
mance (Ernest & Colthorpe, 2007; Prakash, 2010). However, our results suggest 
that IBL and IL lead to a similar acquisition of knowledge. Yet, the results suggest 
a tendency for IBL to have a more pronounced positive learning effect than IL for 
students with an SE baccalaureate. The average relative gains of students belonging 
to the IBL group was approximately twice that of IL. IBL could possibly reduce the 
gap between students of a heterogeneous group in terms of educational background. 
However, this difference is not statistically significant. This could be due to the 
reduced sample size of students in each subgroup. Concerning students with an LS 
baccalaureate, our results indicate that they benefit equally from an IBL session as 
from an IL session. A study by Carvalho and West (2011) suggests that voluntary 
participation in learning activities leads to better test performance than following a 
traditional course. Students, whose performance improved significantly, in this 
study, are probably those who were engaged in the activities, regardless of their 
group or subgroup. The authors could have checked this hypothesis by investigating 
student engagement either qualitatively, through observation grids, or quantita-
tively, using a questionnaire. It is also worth mentioning that the results of these 
studies are not meant to be generalized. Due to the small sample size, short study 
duration, and lack of instrument reliability tests, future studies with a more robust 
methodology are needed to compare the benefits of IBL and IL and their divergent 
effect on the achievement gap between students with strong and weak biology edu-
cational backgrounds. Yet, it is worth mentioning that due to the nature of its results, 
this study responds to the concerns of biology instructors about the usefulness of 
IBL and fosters realistic expectations of IBL implementation.

9.6  Conclusion

The highlight of this paper is that implementing IBL to teach undergraduate stu-
dents biology is possible. IBL seems to be more efficient than IL for students that 
have a weak biology educational background (SE students). Thus, it might make the 
physiological concepts easier to understand for students with a weak background in 
biology. This study was conducted in one branch of the Faculty of Education. Its 
results are considered transferable to the other branches of the Faculty. However, 
more studies with a larger number of participants and longer intervention duration 
are needed to allow the generalization of these results.
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 Appendices

 Appendix A: Pretest

 A. Circle the Correct Answer

 1. The energy molecule used by myofilaments during contraction is:

 (a) Adenosine triphosphate
 (b) Glycogen
 (c) Myoglobin
 (d) Phosphocreatine

 2. The stock of oxygen in the muscles is provided by:

 (a) Adenosine triphosphate
 (b) Glycogen
 (c) Myoglobin
 (d) Phosphocreatine

 3. The substrate used to produce ATP through the anaerobic alactic pathway is:

 (a) Adenosine triphosphate
 (b) Phosphocreatine
 (c) Glucose
 (d) Oxygen

 4. The stock of glucose in the muscles is provided by:

 (a) Adenosine triphosphate
 (b) Glycogen
 (c) Myoglobin
 (d) Phosphocreatine

 5. The muscle fibres type I produce ATP particularly through the _____________ 
because they have___________________:

 (a) Aerobic pathway – a great amount of glycogen
 (b) Aerobic pathway – a large number of mitochondria
 (c) Anaerobic lactic pathway – a great amount of glycogen
 (d) Anaerobic lactic pathway – a large number of mitochondria

 B. Answer the Following Questions

 1. What is the role of mitochondria?
 2. Name the three pathways (mechanisms) of ATP production.
 3. What is the immediate source of ATP production? Phosphocreatine 

(phosphagens).
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 4. The glucose is a substrate used by which pathway(s) of ATP production?
 5. There are three types of muscle fibres (I, IIA and IIB). Which type of fibres is 

also called fast twitch oxidative fibres?
 6. What is the difference between slow twitch oxidative fibres and fast twitch gly-

colytic fibres (endurance, color, number of mitochondria, number of glycogen)?
 7. The muscle fibre type that is preferably used during a physical activity, depends 

on the intensity and duration needed. Give one example of physical activity for 
each type of fibre.

 8. To improve his performance at a sprint of very short duration (less than 10″), 
Jawad decides to drink sugar water just before the sprint. Will his performance 
improve? Why?

 9. Mohammad filled his bottle with a mixture of water and sugar to drink it while 
he ran the marathon. Is it a good idea? Why?

 10. Hassan and Rabih took part in a scientific study. The researcher took a sample 
of their biceps to observe them under the microscope. The observation of 
Hassan’s sample show that more than 50% of his muscle fibres are red and have 
a large number of large-sized mitochondria. The observation of Rabih’s sample 
show that more than 50% of his fibres are white and contain glycogen in high 
quantity. Who will be more able to provide an effort of weak intensity, and for 
a long period of time, that involves the biceps? Why?

 Appendix B: Post-test

 A. Circle the Correct Answer

 1. ______[blank]_____ is responsible for the production of ATP in presence 
of oxygen

 (a) Glycogen
 (b) Mitochondria
 (c) Myoglobin
 (d) Phosphocreatine

 2. The immediate source of ATP production is _____________________, but the 
stock is limited and is rapidly depleted.

 (a) Adenosine triphosphate
 (b) Glycogen
 (c) Myoglobin
 (d) Phosphocreatine

 3. The substrate used to produce ATP through the anaerobic lactic pathway is:

 (a) Adenosine triphosphate
 (b) Phosphocreatine
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 (c) Glucose
 (d) Oxygen

 4. The other name for type I muscle fibre is:

 (a) Slow twitch oxidative
 (b) Fast twitch oxidative
 (c) Slow twitch glycolytic
 (d) Fast twitch glycolytic

 B. Answer the Following Questions

 1. Give the complete name of the energetic molecule produced by the mitochon-
dria and used during muscle contraction.

 2. Glucose is a substrate used by muscle fibres to produce ATP. Name the two 
sources of

 3. All cells use oxygen to produce ATP. Name the two sources of oxygen of the 
muscles.

 4. What fibre type is also called fast twitch glycolytic type.
 5. What are the differences between slow twitch oxidative fibres and fast twitch 

oxidative fibres (endurance, color, number of mitochondria, quantity of glyco-
gen, quantity of myoglobin)?

 6. Which muscle fibre type produce ATP, the best, through anaerobic lactic path-
way? Why?

 7. Which type of fibres is used to hold the weight of your head and to maintain 
your posture?

 8. Which muscle fibre type is mostly used during a martial art competition?
 9. Two days before a marathon, Lara went for her usual run and then she ate a 

large quantity of pasta. Is it a good idea? What is the point of doing that?
 10. Ali is not used to sprint. However, he decided to give it a try and ran with Jad. 

At some point, a muscle in his calf stiffened. Explain to him in simple words 
what happened at the level of his muscle fibres.

 C. Fill in the Blanks with the Fibre Type Recruited

You are helping your friend to move his furniture to his new apartment, and he lives 
on the 3rd floor of a building with no elevator. You were asked to move a couch from 
the truck to the living room. While you walk to the truck, only the ______
[blank]_____ muscle fibres are recruited. This movement required no strength and 
no speed. The moment at which you lift the couch and walk back to the building, the 
______[blank]_____ muscle fibres of your legs are recruited in addition to the 
______[blank]_____ muscle fibres, because this effort requires more strength. 
When you go up the stairs, the effort is at its maximum. It requires the activation of 
the ______[blank]_____ muscle fibres.
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Chapter 10
Train the Trainer in the Jigsaw Puzzle 
of Biology Education: Effects of Mentor 
Training on Teaching Quality

Emanuel Nestler, Carolin Retzlaff-Fürst, and Jorge Groß

10.1  Introduction

Mentoring of pre-service teachers is a common part of biology teacher training. 
Mentors (teachers as teacher educators) usually coach pre-service teachers (student 
teachers) during teacher training placements (Jasman, 2003). An important but chal-
lenging area in the field of mentoring is the training of mentors (e.g. Koballa 
et al., 2010).

Biology mentor training affects biology teacher training and ultimately biology 
teaching in the classroom. Biology education, including the interrelationship of 
mentor training, teacher training and classroom teaching is comparable to an unfin-
ished jigsaw puzzle (Fig. 10.1).

There have been some attempts to connect two or three pieces of the puzzle (e.g. 
Elster, 2008; Kreis 2012), but there is no overview in the literature of the scientific 
field of these three connected parts of biology education. With the jigsaw puzzle in 
mind, we designed a training programme for biology mentors. Afterwards, we eval-
uated the impact of the programme on mentoring, focusing on the ultimate quality 
of teaching. This paper is an overview of some pieces of the biology education inter-
relationship jigsaw puzzle.
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10.2  Theoretical Background

The biology education jigsaw puzzle consists of three levels: mentor training, 
teacher training and classroom teaching (Fig. 10.2). In each level there are general 
(white) and biology specific (grey) pieces in the puzzle. For this paper it would be 
redundant to repeat studies about the general research on teaching biology. For a 
current overview on the research see Gericke and Grace (2018) or Tal and 
Yarden (2016).

Research has tended to focus on single pieces of the jigsaw puzzle rather than 
putting them together. For example, Roesler et al. (2018) focused on teaching biol-
ogy and the interest and motivation of students, while Crasborn et al. (2011) reported 
the mentor role during mentoring dialogues with pre-service teachers. It is impor-
tant to note that both examples only focus on one of the three levels mentioned. 
Förtsch et al. (2016) reported an indirect link between pedagogical content knowl-
edge of biology teachers and student achievement, which is another way to organize 
the jigsaw puzzle.

We use the metaphor of the “jigsaw puzzle” because we will show in this article 
that we must pay less attention to the individual components in training processes 
and more to the interrelationships. Every individual part has meaning but only from 
connecting all the parts can an overall picture of the quality of the training be deter-
mined. But the metaphor also has its limits; in a puzzle, only the individual parts 
have to fit together. However, within the mentor training in biology education we 
are dealing with a process: each trainer passes knowledge and skills on to the next 
level. To make this concept of "training the trainer" clearer, we will avoid the meta-
phor of the puzzle in what follows.

In the last ERIDOB book (Gericke & Grace, 2018) only two papers (Baytelman 
et al., 2018; Brauer & Hößle, 2018) out of 24 focused on biology teacher training. 
Nevertheless, in the last few years several studies have been performed on biology 
teacher training. For example, Barnett and Friedrichsen (2015) prioritized the pre- 
service teachers’ pedagogical content knowledge, while Bruckermann et al. (2017) 

Fig. 10.1 Some pieces of 
the ‘biology education’ 
interrelationship jigsaw 
puzzle
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focused on experimentation competencies, and Walan (2020) explored different 
instructional strategies.

Many studies have been published on mentoring in teacher training (Aspfors & 
Fransson, 2015; Clarke et  al., 2014), conversational techniques (Kreis, 2012; 
Carroll, 2005) and mentor role (Ambrosetti & Dekkers, 2010; Crasborn et  al., 
2011). In their review of 70 studies, Ellis et al. (2020) identified seven dimensions 
of a quality pre-service mentor. Reynolds et al. (2015) concluded that it is not the 
time of professional placement in school but the quality of support that is linked 
‘with pre-service teachers’ perceptions of their ability to apply subject content and 
teaching‘ (Reynolds et al., 2015). But only a few studies have looked at mentoring 
in biology and science teacher education (e.g. Barnett & Friedrichsen, 2015; 
Hudson, 2005; Koballa et al., 2010). Hudson (2005), in particular, underlines the 
need for subject specific mentoring.

While there is a need (Hudson, 2013), there are few descriptions of mentor 
training in the literature (Beutel & Spooner-Lane, 2009; Malmberg et  al., 2020; 
Kreis, 2012; Hall et al., 2017). The subject-related mentor training is a blind spot in 
biology teacher training. Elster (2008) describes one of the few examples of biology- 
related mentor training studies. Unfortunately, her study does not include research 
in biology-related mentor training. So, there are still many unanswered questions 
about biology teacher training.

If mentoring is important for pre-service teachers (Reynolds et al., 2015) and the 
importance of subject-related teacher training has been demonstrated, then we need 
to ask why only a few biology-related mentor training studies have been published. 
This question becomes even more pressing in the light of the appeal for larger, more 
comprehensive studies on the subject of biology education, and the need to form a 
link between the research community and practitioners of biology education that 
was addressed in McComas’s ‘Grand challenges in biology education research’ 
(McComas, 2018).

Fig. 10.2 The biology education jigsaw puzzle with general (white) and biology specific 
(grey) pieces
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This link between researchers and practitioners helps to face other challenges 
such as the development of an effective organizational plan for biology instruction 
(McComas, 2018). Furthermore, biology-related mentor training can aid the profes-
sional development of pre- and in-service biology teachers (Chu, 2019; Hudson, 
2013). On the other hand, if no research is directed toward mentor training and 
teaching biology, we do not know if there is a link between them. Therefore, we 
raise the following question:

What influence does a biology-related mentor training have on the quality of 
teaching?

The theoretical framework for this study is the tetrahedron-model of a subject- 
based mentor training (Nestler et al., 2020) based on the work of Prediger et al. 
(2017). See Fig. 10.3.

The tetrahedron-model of subject-based mentor training connects the three 
levels: teaching, teacher training and mentor training. Every tetrahedron consists of 
four corners: learner (e.g. student, pre-service teacher, mentor), teacher (e.g. teacher, 
mentor & mentor qualifier), teaching media and subject. While the subject of teacher 
training is the whole teaching tetrahedron, the subject of mentor training comprises 
both the teaching and the teacher training tetrahedron. This theoretical framework 
provides the ability to describe chains of effect. In this study, we examine whether 

Fig. 10.3 The tetrahedron-model of subject-based mentor training. (Modified from Prediger 
et al., 2017)
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there is a chain of effects between the biology-related mentor training and teaching 
quality. This does not include the exact description of the chain of effects. For this 
description, a mixed-method approach with qualitative elements would be needed. 
Therefore, the qualitative approach is in the focus of further articles, which are in 
progress.

10.3  Earlier Research and Hypotheses

The field of biology-related mentor training is very unclear due to the lack of 
recognition of the interrelationship of the three levels: mentor training, teacher 
training and teaching in class. In addition, general and biology-related research 
need to be included. In summary, there are general studies regarding:

• teacher and teaching quality (e.g. Helmke, 2015);
• mentoring and pre-service teachers (e.g. Reynolds et  al., 2015; Aspfors & 

Fransson, 2015; Clarke et  al., 2014; Ambrosetti & Dekkers, 2010; Crasborn 
et al., 2011); and

• mentor training and mentoring (e.g. Kreis, 2012; Hall et al., 2017; Malmberg 
et al., 2020).

There are biology-related studies regarding:

• biology teacher and teaching quality (e.g. Förtsch et al., 2016); and
• biology-related mentoring and pre-service teacher and their professional 

development (e.g. Elster, 2008).

To the best of our knowledge, there appear to be no studies in biology-related 
research that combine biology-related mentor training with mentoring or teaching 
quality. So, a serious weakness in biology-related teacher training is the lack of 
knowledge regarding the impact of biology-related mentor training. Therefore, we 
need to observe mentoring and teaching quality before and after a programme of 
biology-related mentor training. Based on the theoretical framework, our first 
hypothesis was: The perceived teaching quality increases after biology-related 
mentor training.

Several studies have been conducted on the impact of the assessor on teaching 
quality. Tillema (2009) describes the differences in the perceived purpose of 
appraisal as well as incongruence between the criteria used for assessing teaching 
quality in mentors, pre-service teachers, and university-based supervisors. Similar 
results were presented by Harnischmacher and Hofbauer (2011) regarding the 
assessment of teaching in music; there were significant differences in the levels used 
by pre-service teachers, in-service teachers, and students. As is underlined by 
Korver and Tillema (2014), the different perceptions of the feedback provided can 
impact the acceptance of the assessment and by extension what the pre-service 
teacher may learn from it. To identify the differences between the observers 
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(mentor, pre-service teacher responsible for this lesson and observing pre-service 
teacher) we stated our second hypothesis: There is a difference in the observers’ 
assessments of teaching quality.

On the other hand, Kreis (2012) described differences in content between the 
preliminary meeting and the debriefing. To identify these differences in relation to 
teaching quality, our third hypothesis was: The perceived teaching quality changes 
between the preliminary discussion of the lesson and the debriefing after the 
teaching.

10.4  Research Design and Method

To analyse the chain of effects and evaluate the possible impact of biology-related 
mentor training on teaching quality, we designed a biology-based mentor training 
programme. The mentors completed a general qualification and half a year later we 
applied a biology-based qualification (Nestler & Retzlaff-Fürst, 2020). This qualifi-
cation involved an overall workload of 90 h (45 h general, 45 h biology-based) for 
biology mentors (N = 7, age: M = 42.3). The key topic was to teach scientific inquiry 
(see Paul et al., 2016). This qualification was co-created with the professor of genet-
ics who introduced the mentors to new findings in genetics (e.g CRISPR/Cas9). 
Afterwards, the biology mentor carried out various experiments such as in a session 
of a laboratory course for pre-service teachers. The additional content of the 
biology- based mentor training (Fig. 10.4) includes the findings of Niggli (2005), 
Kreis (2012), Helmke (2014) and Mayer (2018). Additionally, there were units 
focused on an introduction to didactics of biology and the structure of biology 
teacher training. A more detailed description can be found in the paper of Nestler & 

Fig. 10.4 Contents of the biology-based mentor training (black)
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Retzlaff-Fürst (2020). This mentor training can easily be adapted for other biology- 
related requirements.

The professional experience placement for the pre-service biology teachers was 
based on weekly teaching during one semester. A group of five pre-service biology 
teachers took turns teaching one class in secondary education. Every student taught 
two biology lessons and observed about nine lessons (one of the mentor’s). The 
biology mentor coached the mentee who taught the lesson in a preliminary meeting. 
After observing the lesson, the group of pre-service biology teachers and the mentor 
discussed the teaching quality and achievement of lesson goals.

To evaluate the impact of the biology-related mentor training on teaching quality 
a quantitative approach was chosen. This approach allows more information regard-
ing the impact of the biology-related mentor training and teaching quality to be 
obtained. Therefore, the effects of single mentors, pre-service biology teachers or 
the specific situation can be better excluded. While there are qualitative studies 
developing different methods for mentor development (see Beutel & Spooner-Lane, 
2009; Langdon & Ward, 2015; Meetze-Hall, 2018), it is important to investigate if 
those methods produce consistent improvements in mentoring ability and teaching 
for mentors in general. Additionally, the large amount of time required for mentor 
training and mentoring, necessitates short research instruments, as we did not want 
to put an unreasonable burden on the mentors.

The teaching quality was assessed, by applying the teaching quality paper- 
pencil- questionnaire of Helmke (2014). The instrument was adapted to fit the time 
frame of mentoring sessions. Eight items connected to didactical aspects were cho-
sen, such as lesson goals (‘The lesson goals can be found in this lesson and the 
tasks.’) or orientation on pupils’ interests (The lessons contain examples from the 
pupils’ everyday life/world or are linked to the pupils’ interests.’). The items are 
rated on a 6-point-scale, ranging from 1 (“don’t agree”) to 6 (“agree”). The scale has 
a high internal consistency of α = 0.87 in the present study (Cronbach, 1951).

To test our hypotheses, we designed an intervention study. Initially, the mentors 
supported 25 pre-service teachers (11 female, 10 male, 4 no information; age M = 
25.6) in a professional experience setting during the winter semester 2017/2018. 
Subsequently, the aforementioned mentor training occurred. In the following sum-
mer semester, the mentors supported 28 pre-service teachers (16 female, 10 male, 2 
no information, age M = 23.4). There was no control group in regard to the struc-
tural conditions (e.g. 7 mentors, 53 pre-service teachers per semester). The pool of 
mentors who are responsible for the professional experience setting at our univer-
sity is largely unvarying, so it is not possible to repeat the study.

10.5  Findings

The seven biology mentors and 53 pre-service biology teachers completed 633 
questionnaires. Completing the questionnaire after every preliminary discussion 
and debriefing was their responsibility, and although the participants did not 
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complete every single questionnaire, the overall response rate was good. The par-
ticipants estimated their teaching quality as good (4.51 and higher). In general, there 
was good quality teaching in the professional experience setting. The results were 
not approximately normally distributed for the quality of teaching, as assessed by 
the Shapiro-Wilk-Test (p < .05). Additionally, the homogeneity of variances was 
asserted using Levene’s Test which showed that equal variances could not be 
assumed (p < 0.05). We report the results for teaching quality based on draft lessons 
in preliminary discussions and based on actually performed lesson in debriefing 
separately.

The first hypothesis was: The perceived teaching quality increases after the 
biology- related mentor training.

The tests revealed that teaching quality increased by 0.2 units after the mentor 
training (Fig.  10.5). There was a significant result over all evaluations (winter 
semester n = 330, M = 4.85; summer semester n = 303, M = 5.02; z = −2.387, p = 
0.017, r = 0.095) and for the debriefing (winter semester n = 252, M = 4.84; summer 
semester n = 227, M = 5.04; z = −2.376, p = 0.018, r = 0.109). No significant result 
was found for teaching quality in preliminary discussions using the Mann-Whitney- 
U-test (winter semester n = 78, M = 4.77; summer semester n = 76, M = 4.97; z = 
−0.726, p = 0.468). The mean score for teaching quality in preliminary discussions 
increases as much (0.2) as in the debriefing but with a smaller group of observers. 
Teaching quality increases roughly 0.2 points of the mean score in the summer 
semester for every observer group in preliminary discussion and debriefing 
(Table 10.1). Overall, we accept this hypothesis.

The second hypotheses states: There is a difference in the observer’s assessment 
of teaching quality.

The mean scores of pre-service teachers are higher than the mean scores of the 
mentors. Mentors take a more critical view on teaching quality than pre-service 
teachers. Mann-Whitney-U-test results show significant differences in the assess-
ment for debriefings in the winter semester (z = −2.040, p = 0.041, r = 0.231) and 
summer semester (z = −2.836, p = 0.005, r = 0.325). In both semesters pre-service 
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teachers observing the lessons had the highest mean scores in their rating of teach-
ing quality. After significant Kruskal-Wallis-tests (p = 0.042) Dunn-Bonferroni- 
tests reveal that differences in assessment are based on differences between mentor 
and observing pre-service teacher (z = −2.477 p = 0.040 Dunn-Bonferroni-tests, r = 
0.191) in the summer semester. Overall, we can accept this hypothesis.

The third hypothesis states: The perceived teaching quality changes between the 
preliminary discussion of the draft and the debriefing of the teaching.

Further analysis of the mean scores showed that mentors are more satisfied in the 
debriefing than in the preliminary discussions. The data shows that pre-service 
teachers who designed the lesson are less satisfied after the lesson. It appears that 
pre-service teachers are disappointed by the reality. The drop of the mean score is 
not as strong after the mentor training (−0.10) as before (−0.15). This drop of mean 
score is not statistically significant.

It may be a coincidence, but the mean score of teaching quality of pre-service 
teachers observing the lesson in debriefing is as high as the mean score of teaching 
quality of pre-service teachers responsible for this lesson in preliminary discussions 
in both semesters. Overall, we cannot accept hypothesis three because there are no 
significant differences shown by the Mann-Whitney-U-tests.

10.6  Discussion

Our results for teaching quality and mentor training are the first results in this field. 
Therefore, we cannot put the pieces of the jigsaw puzzle together definitively, but 
we can lay them side by side. It is possible that biology-related mentor training has 
an impact on the improvement of teaching quality. We bear in mind that the mentors 
participated in general mentor training before the winter semester.

Table 10.1 Sample size, means and standard deviations for the assessment of teaching quality

Preliminary discussion before 
the lesson Debriefing after the lesson

mentor

Pre-service 
teacher 
responsible for 
this lesson Mentor

Pre-service 
teacher 
responsible for 
this lesson

Pre-service 
teacher 
observing

n
M 
(SD) n

M 
(SD) n

M 
(SD) n

M 
(SD) n

M 
(SD)

Winter 
semester 
2017/18

32 4.51 
(1.07)

46 4.94 
(0.77)

48 4.64 
(0.90)

60 4.79 
(0.72)

144 4.93 
(0.72)

Summer 
semester 
2018

28 4.72 
(0.56)

48 5.11 
(0.44)

41 4.87 
(0.58)

59 5.01 
(0.55)

127 5.11 
(0.55)

10 Train the Trainer in the Jigsaw Puzzle of Biology Education: Effects of Mentor…



136

Further research needs to replicate and expand upon the empirical evidence to 
link more pieces of the jigsaw puzzle, i.e. how the different levels of qualification 
are linked together. One option might be to include biology-based mentor training 
in the discussion of larger studies in biology education aiming at teaching quality 
and students’ beliefs.

After the biology pre-service teachers gave their lesson, the assessment from the 
mentor improved. Since we can assume that the pre-service teachers responsible for 
the lesson conducted their lesson mostly as they described in the preliminary discus-
sion, our results can be optimistically interpreted as a demonstration that pre-service 
teachers convince the mentors about their planned lesson. In addition, the pre- 
service teachers responsible for this lesson are less satisfied with the teaching qual-
ity after their lesson. Overall, the differences in mean scores of teaching quality start 
to converge in the debriefing. This supports the conceptual change of the mentor 
role from experienced senior person to coach or learning partner (Ellis et al., 2020; 
Heikkinen et al., 2012; Kreis, 2012; Burley & Pomphrey, 2011). Mentors can focus 
on key aspects of teaching quality during the debriefing because pre-service teach-
ers will have a more realistic view of teaching quality after their lesson. On the other 
hand, mentors re-evaluate their view after the lesson, so they need to trust pre- 
service teachers’ teaching quality. The high scores for teaching quality observed by 
the pre-service teachers not involved in lesson planning may speak for including 
them in preliminary discussions. We recommend that more objective methods are 
included so we know whether the mentors or the pre-service teacher are closer to an 
objective measure of teaching quality.

The research in teaching quality increased during and after this study (Heinitz & 
Nehring, 2020; Joyce et  al., 2018; Steffensky & Neuhaus, 2018; Dorfner et  al., 
2017). It appears that analysis of a videotaped class is a good method to develop a 
deeper understanding of teaching quality (Dorfner et al., 2017). Despite this, video-
tape analysis is not a practical application for research in mentor training as part of 
biology education as it is too time consuming. Further work needs to be conducted 
to establish convenient methods to evaluate teaching quality. Combining small 
questionnaires with selected analysis of videotaped classes may be a good opportu-
nity to efficiently evaluate teaching quality.

Overall, there are several possible sources of weakness in the field of research in 
biology education including mentor training linked to teacher training and teaching. 
The first challenges are the general and biology-related theoretical constructs such 
as mentoring, teacher professionalisation and teaching quality. We need a broad 
understanding of the field but need to sharpen our focus for satisfying research. We 
therefore have to look at the methodical challenges such as the scaling of the levels 
of mentor training, teacher training and teaching. In this study seven mentors and 53 
pre-service teachers were included. If we want to obtain a better and more represen-
tative picture of mentoring, we need to involve more mentors. In this case we have 
to include more pre-service teachers because there needs to be a satisfactory number 
of mentoring situations before and after the mentor training. All the mentoring con-
sists of three learning situations that we have to evaluate: preliminary discussions, 
teaching in class and debriefing. Overall, scaling is a major challenge which has led 
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to this unsatisfactory situation of a lack of research in biology-related mentor 
training.

The absence of possibilities of real interventional designs of mentor trainings is 
another methodical challenge. Teachers do not want to wait one year (the time nec-
essary to build up a control group) to be part of a mentor training cohort. The indi-
vidual professionalization of pre-service teachers can also vary widely. To address 
this challenge, there has to be a larger number of mentor and pre-service teacher 
tandems, which can cause the aforementioned problems with scaling.

Finally, different educational systems challenge mentor trainings. There are 
differences between schools and universities and between different countries. 
General mentor training on conversational techniques or mentor role cope well with 
this, but biology-related mentor training depends on educational goals, teacher 
training curricula and teaching and research in biology education, which focuses 
teaching as we have seen before.

In conclusion, while acknowledging the limitations and challenges of our 
research, we have taken the first steps to understand the impact of biology-related 
mentor training on teaching quality, which may have parallels for other 
disciplines.

Acknowledgment Thank you to Richard Fry for his expertise and support in language editing.
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Chapter 11
The Assessment of an Educational 
Proposal to Address the Relationship 
Between Genetic Information and Protein 
Synthesis

Patricia Esteve-Guirao, Isabel Banos-González, and Magdalena Valverde

11.1  Introduction

Genetics may be able to explain situations that form part of students’ sociocultural 
surroundings, such as the existence of food intolerances associated with the inabil-
ity to synthesize certain proteins and enzymes, such as lactase (Ugidos-Rodríguez 
et al., 2018).

Lactose intolerance has received much media attention. There is widespread 
advertising of lactose-free products, which sometimes proclaims that they are light 
and easily digestible products for the general public. So, it is considered an issue 
familiar to secondary school students.

Despite the quotidian nature of these topics, students have significant learning 
difficulties with the contents of genetics in their courses and a lack of connection 
with their everyday life (Rodríguez-Gil et al., 2018; Vlckova & Kubiatko, 2018). 
New approaches for teaching these issues have therefore been proposed, which 
should be related to the students’ ideas, to contexts relevant to the students, and to 
observable phenomena (Gerçek, 2018).

In this work, the problem of lactose intolerance, and the solutions proposed by 
the producers of dairy products, represent the starting point used to design and 
implement an educational proposal about the expression of genetic information and 
its link with protein synthesis. Moreover, we wanted to compare the results of a 
group of students who were taught based on this proposal with those of another 
group who received a different educational intervention, based on the transmission 
of theoretical knowledge.
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11.2  Theoretical Background

In recent years, issues related to genetics have had strong media and social 
repercussions, giving rise to some controversies, with ethical, economic, and social 
implications (Dimopoulos & Koulaidis, 2002; Eijck, 2010). Their increasing impact 
on our lives shows the importance of adequate citizen training, to allow critical and 
informed participation in these debates (Tsui & Treagust, 2010). However, for sec-
ondary school students, the genetics contents are one of the most difficult parts of 
their biology courses and, in general, they do not see the relationship with their lives 
(Alozie et al., 2010).

From educational research, numerous students’ ideas about genetics have been 
identified as well as great learning difficulties, which may hinder its proper under-
standing (Ayuso & Banet, 2002). Hence, important efforts to determine the factors 
involved in these difficulties and to find adequate educational strategies for the 
teaching of this subject have been claimed.

Different authors have analyzed the learning difficulties related to this subject 
and have indicated that various factors contribute to them (Bahar et  al., 1999; 
Gerçek, 2018; Rodríguez-Gil et  al., 2018; Vlckova & Kubiatko, 2018). Among 
these factors, the abstract nature of the concepts and processes involved has been 
highlighted (Cimer, 2012), and this determines whether students can give a concrete 
meaning to their study. For Frieder et al. (1987), a level of abstract thinking is neces-
sary to build knowledge that leads to the understanding of the relationship between 
“micro” and “macro” systems. This could explain the difficulties detected by 
Duncan and Reiser (2007) in 10th grade students with respect to reasoning through 
different levels of organization of the structures related to genetic information, and 
to understanding how mechanisms and interactions at the micro level (genes, pro-
teins) produce effects at the macro level (organism). In addition, these authors found 
that students were often unaware of the different functions of proteins, their rela-
tionship to genes, and the role proteins have in mediating the effects of the genetic 
information. They concluded that these students knew little about the specific func-
tions of proteins in our bodies. Without an understanding of proteins, the link 
between the genetic information and its physical effects could remain a black box. 
Regarding the processes involved in protein synthesis, Gerçek (2018, p. 20) points 
out that, even among future biology teachers, the learning about nucleic acids, pro-
teins, and enzymes has been “incorrect and insufficient”. Furthermore, the influence 
of epigenetic processes in protein synthesis, is usually oversimplified when these 
contents are taught (Tsui & Treagust, 2010).

It has also been found that a large part of the student population between 14 and 
17 years of age does not know how energy is obtained to carry out cellular pro-
cesses, such as protein synthesis. There seem to be serious difficulties in relation to 
respiration as a process that occurs at the cellular level and which is connected to 
nutritional processes (García, 1991; Hmelo-Silver & Azevedo, 2006). These diffi-
culties may be linked to the reductionist and compartmentalized approach, frequent 
in the study of the processes that occur in the human body (Assaraf et al., 2013).
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The way in which these contents are organized and presented in textbooks, 
curricular and in most classrooms (Aznar & Puig, 2014), might further complicate 
their learning. In general, these textbooks do not provide holistic approaches nor 
situations that are familiar to the students, and that mediate the construction of 
learning, and they tend to ignore the students’ ideas (Íñiguez & Puigcerver, 2013). 
This could explain the lack of interest of secondary school students in these issues, 
since they do not recognize their importance in explaining everyday phenomena 
(Ayuso & Banet, 2002).

Therefore, a change in the teaching approach to these contents seems necessary, 
with the use of situations close to the students as a starting point from which to 
mobilize, share, and contrast their ideas. In this sense, during the educational 
sequence, it seems appropriate that observable phenomena appear first, followed by 
a descent to the cellular level to facilitate the interpretation of the mechanisms that 
explain these phenomena (Esteve et al., 2017).

In this approach, to address protein synthesis and its relationship with genetic 
information, the scenarios related to lactose intolerance could be interesting. 
Specifically, a relevant starting point could be the advertising messages that present 
lactose-free products as more digestible, to encourage a generalized consumption 
among the population. These controversial scenarios make it possible to relate the 
scientific sphere to socioeconomic, ethical, and environmental issues (Jiménez- 
Aleixandre, 2010). A critical analysis of this advertising could make sense of the 
inheritance mechanism of an intolerance and how genetic information is used to 
synthesize proteins, conceptualizing the transcription and translation processes, as 
well as the role of nutrition. So, it can be considered as a useful learning experience 
for students to scientifically interpret events close to their lives, and build clear rela-
tionships between them and the underlying cellular processes.

11.3  Key Objectives

In this work, we assess an educational intervention designed to address the 
relationship between the expression of genetic information and protein synthesis, 
employing an observable and familiar context related to lactose intolerance. This 
intervention is compared with one that addresses this relationship by means of a 
more traditional form of transmission of knowledge.

Specifically, we consider how our proposal may help students to overcome some 
of their ideas and difficulties about these particular contents of their course:

 – The location of genetic information for protein synthesis.
 – The inheritance of genetic information for protein synthesis.
 – The use of genetic information in the protein synthesis process.
 – The role of cellular respiration in the protein synthesis process.
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11.4  Research Design and Methodology

This study follows a pretest/posttest-control design, recording values before and 
after the intervention, which is considered a useful framework for the evaluation of 
educational interventions (Zelenika et al., 2018).

11.4.1  Participants

The participants were 43 10th grade students (15–16 years old), who were studying 
Biology and Geology as optional subjects in a Secondary school in southeast Spain. 
They were organized in 2 groups, taught by the same teacher: 18 students in the 
control group (CG) and 25 in the experimental group (EG). These students usually 
receive a theory-based teaching of the course contents, with little time dedicated to 
enquiry and problem solving. For all the students, this was the first opportunity to 
address the content on protein synthesis, although they had studied cells, their 
organelles, and the organization of genetic material prior the intervention. The 
assignment to each group was determined by the high school.

11.4.2  Data Collection

Data were gathered by using pretest/posttest questionnaires comprising four 
questions – one for each of the contents analyzed- and 16 items (Table 11.1). These 
were related to the ideas about genetic information and protein synthesis extended 
among the secondary school students. The items were not mutually exclusive, so the 
students could select as many as they considered appropriate in each question.

11.4.3  Data Treatment and Analysis

For the analysis of the answers in both tests, the SPSS program was used. Descriptive 
statistics of each item were generated, including the frequency with which it was 
selected by the participants. Non-parametric statistical tests were applied: the 
Mann-Whitney U test, to compare CG and EG, and the Wilcoxon signed-rank test, 
to compare the results within each group.
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11.4.4  Description of the Interventions

The educational intervention in the CG was organized according to a traditional 
teaching scheme, without special emphasis on familiar contexts or a systemic per-
spective. The students performed the tasks individually and, although their initial 
ideas were not considered, they did hold small discussions to solve the exercises 

Table 11.1 Description of the items included in the questionnaires, for each of the contents

Content Item References

Location of genetic 
information to 
synthesize proteins

I1: Only in the gametes, which unite and 
form the new individual.

Banet and Ayuso (1995, 
2000)

I2: In the sex chromosomes, which 
replicate before meiosis for the inheritance 
of characters.
I3: The location depends on the inherited 
character. If it is a food intolerance, it will 
be in the cells of the digestive tract.
I4a: In all cells: they all transmit inherited 
traits when they form new cells.

Inheritance of genetic 
information to 
synthesize proteins

I5a: Information about intolerance is 
found in parts of DNA, called genes.

Lewis and Wood- 
Robinson (2000) and 
Wood-Robinson et al. 
(2000)

I6a: To be intolerant, both parents have to 
provide the information.
I7a: Inheritance of information is needed 
to synthesize proteins to break down 
lactose.
I8: A descendant of both intolerant 
parents, may be non-intolerant.

Use of genetic 
information to 
synthesize proteins

I9: DNA carries information directly to 
ribosomes.

Duncan and Reiser (2007) 
and Gercek (2018)

I10a: RNA carries information from DNA 
to ribosomes.
I11: Ribosomes use information from 
DNA as it undergoes a small mutation to 
form RNA.
I12: Ribosomes use the information 
contained in amino acids.

Role of cellular 
respiration in the protein 
synthesis process.

I13: No energy is needed, just genetic 
information.

Flores et al. (2003) and 
García (1991)

I14a: Protein synthesis involves the 
mitochondria, where the energy for the 
process is obtained.
I15: The energy obtained through nutrition 
enters the cell for protein synthesis.
I16a: To obtain energy, amino acids and 
simple sugars -from digestion- and 
oxygen -from respiration- are required.

aCorrect items
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within the entire group. The textbook was the curricular material, used along the 
three distinguished stages:

 – In the first stage, the teacher explained the structure and organization of DNA, 
and the concepts of the gene and allele were defined, as well as their implication 
in the inheritance of genetic information. Next, using lactase synthesis as an 
example, the processes of transcription, translation, and replication of genetic 
material were described, paying attention to how RNA and ribosomes are 
involved.

 – In the second stage, the students carried out classic inheritance exercises proposed 
in the book, after the theoretical content, into which other specific ones on lactose 
intolerance were incorporated. Among other aspects, they addressed dominance/
recessivity relationships between alleles for the inheritance of this character.

 – In the third stage, the Human Genome Project was presented to the students, as 
an international effort that shows the importance of sequencing DNA and map-
ping genes. In this context, the identification of the lactase gene and its impor-
tance for humans were described.

In the educational intervention aimed at the EG, the students, organized in five 
small groups, carried out descriptive and extrapolative tasks to solve a problem 
(Fig. 11.1). This was aimed at providing them with opportunities to contrast the suf-
ficiency of their ideas, to discuss them, to generate new knowledge, and to be able 
to make a critical appraisal of messages about intolerances, especially with regard 
to food advertising. This proposal was also organized in three stages:

 – The first stage corresponded to the identification of the problem, which arose 
from the discussion among non-identical twins of why lactose intolerance can 

Fig. 11.1 Tasks for the EG (left). Students from the EG working on the proposal (right)
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affect one twin and not the other. In addition, they considered whether the intake 
of lactose-free products by the whole family would improve the digestion for all 
the members. The objective of this stage was that the students share and organize 
their ideas about the causes of this intolerance and its possible inheritance, to 
reach an agreement on the key questions to investigate.

 – The second stage, aimed at generating new knowledge, was organized to answer 
the four key questions established:

• What is lactose and why is it important to my diet? This question made it 
possible to relate the intolerance with the inability to synthesize lactase. On 
this issue, the students wrote small reports about lactose, its nutritional 
interest, and the side effects of its ingestion by intolerant people.

• Where is the information required for the synthesis of lactase located? This 
question was aimed at linking lactase synthesis with genetic information. This 
meant that the students had to address the organization of genetic information 
in the cell: DNA, chromosomes, and genes. Through diagrams and models, 
the students located the lactase gene on chromosome pair 2, giving meaning 
to the study of this organization. In addition, several diagrams were available 
that emphasized the presence of the same genetic information in all cells, 
although the expression of the lactase gene is associated with enterocytes.

• Why are some people unable to produce lactase and are thus lactose- 
intolerant? From this question, the students had to address the concept of the 
allele. They were provided with the information about the alleles of the lac-
tase gene of the twins, and had to determine which one of the pair of chromo-
somes 2 each of them had inherited. In the process, the students characterized 
the twins as homozygous or heterozygous individuals and may have recog-
nized dominance/recessivity relationships between the alleles. In this way, the 
students could have associated observable phenomena, such as the side effects 
suffered by the intolerant sibling, with their explanation at the genetic 
(micro) level.

• How does our body use the information for lactase synthesis and what is 
needed for this? With access to diagrams and models as well as brief inter-
views with specialists, the aim was to allow students to construct explanations 
about the entire process. Based on information regarding DNA in the cell 
nucleus, RNA, and ribosomes, three basic elements were considered: amino 
acids, O2, and energy. Thus, the students addressed transcription, translation, 
and protein synthesis as a continuous process connected to nutrition, making 
explicit the relationships among the digestive, circulatory, and respiratory 
systems at the cellular level.

 – The last stage was aimed at obtaining conclusions. Each group organized the 
knowledge acquired and completed a final report, in which they had to explain 
why only one sibling is intolerant and the processes – at the organic and cellular 
levels – that occur in each sibling after ingesting lactose. Finally, they structured 
their learning, comparing their initial and final ideas.

The ethics of the intervention and data collection included written formal consent 
and agreement to use encoded and anonymized data for further scientific purposes.
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11.5  Results and Discussion

This section is organized according to the contents selected to address the 
relationship between protein synthesis and genetic information (Table  11.1), 
comparing the results obtained in the pretest and posttest and in the two groups 
(Fig. 11.2).

11.5.1  Locating the Genetic Information Necessary 
to Synthesize Proteins

In the pretest, the ideas in the EG and CG were very similar to each other, without 
statistically significant differences, so they are described together. It is noteworthy 
that a total of 28 students of both groups located the genetic information in the 
gametes (I1) and a third in the sex chromosomes (I2), in line with the findings of 
Banet and Ayuso (2000). More specifically, they placed it in cells of the digestive 
tract, since it is a food intolerance (I3). Unlike in previous studies (Caballero, 
2008), it seems that the idea that the genetic information present in each cell 
depends on its functionality did not dominate among our students. Less than one-
fifth of the students in each group thought that the genetic information is located 
in all cells (I4).

In the posttest, an improvement was observed in both groups, decreasing the 
number of students who selected items I1 and I2. In other words, the frequency of 
students who considered that genetic information is found in gametes (I1) or chro-
mosomes (I2) was reduced significantly in both groups (I1: p = .006 and p = .005; 
I2: p = .014 and p = .037, for EG and CG, respectively). The proportion of students 
who linked this information with cell function (I3) also fell, without statistically 
significant differences for any of the groups.

The number of students who accepted that genetic information is present in all 
cells (I4) increased significantly in both groups in the posttest, in comparison to the 
pretest (p =  .027 and p =  .041, for the EG and CG, respectively). However, this 
progression was not equivalent. In the case of the EG, 64% of the students accepted 
this idea, compared to 36% in the CG, representing a significant difference between 
the two groups (p = .042).

11.5.2  Inheritance of Genetic Information 
to Synthesize Proteins

In the pretest, more than half of the students of both groups indicated that genes 
provide the information to synthesize proteins (I5). Furthermore, more than four- 
fifths of the participants in both groups recognized that the information determining 
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lactose (in)tolerance must be inherited (I6, I7). Nonetheless, it seems that for the 
students it was not clear how the genotypes of the parents determine the ability of 
their children to synthesize lactase (I8), since only 8 of them responded adequately 
to this item in both groups. Thus, the vast majority considered that children without 
intolerance can have intolerant parents.

In the posttest, the frequency of EG students who indicated that it is the genes 
which carry the information needed to synthesize proteins (I5) increased, although 
without significant differences from the pretest. In the CG, the number of students 
who selected I5 fell by more than one-half, giving significantly worse results than 
in the pretest (p = .036). Furthermore, the difference between the EG and the CG for 
I5 was also significant (p = .039).

Regarding the need to inherit genetic information to be able to synthesize lactase 
or not (I6, I7), the EG and CG exhibited similar percentages in the pretest and post-
test, so no significant differences were found between the groups or between the 
tests. Concerning how the genotypes of the parents condition the ability of their 
children to synthesize proteins such as lactase (I8), in the EG almost all the students 
indicated that it is not possible for a child of intolerant parents to inherit the ability 
to synthesize lactase. This was a statistically significant progression for this group 
(p <.001), which suggests that allele conceptualization and understanding of allelic 
dominance/recessivity relationships improved. The CG maintained a percentage 
similar to that of the initial test for I8, so there were still many students who consid-
ered that intolerant parents can have tolerant offspring. This led to a significant dif-
ference between the EG and the CG for I8 (p <.001).

11.5.3  Use of Genetic Information to Synthesize Proteins

In the pretest, in both groups, there were few students who pointed out that DNA 
carries information to the ribosome for the synthesis of proteins (I9), and even fewer 
indicated that it is RNA (I10). In addition, 17 students of EG and CG thought that 
the ribosome uses information from DNA that is transformed into RNA due to a 
mutation (I11). This reflects a misunderstanding about the participation of DNA and 
RNA in protein synthesis. Furthermore, more than a quarter of the students, in both 
groups, considered that amino acids provide the information used by the ribosome 
(I12), which indicates that they established a certain link between these molecules 
and proteins.

In the posttest, the proportion of students who indicated that it is the DNA that 
carries the information to the ribosome (I9) remained low in EG and CG, so there 
were no differences (neither pretest-posttest nor between the two groups). Regarding 
the participation of RNA (I10), a significant improvement occurred in both groups 
in relation to the identification of the role of this molecule in protein synthesis 
(p = .004 and p = .008, for EG and CG, respectively), although the frequency was 
much higher in EG. However, around a third of the EG and CG students stuck to the 
idea of mutation as a process to transform DNA into RNA (I11). This does not 
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necessarily imply that they ignored the transcription process, but it seems that they 
considered it the consequence of a mutation. This result seems to correspond to the 
fact that students tend to associate the idea of mutation with that of change, without 
recognizing that it must involve modifications in genetic information (Albaladejo & 
Lucas, 1988). Finally, regarding amino acids (I12), there was an equivalent decrease 
in both groups in the frequency of students who considered that these molecules 
carry information to the ribosome; so, there was a significant change for both groups 
(p = .021 and p = .033, for EG and CG, respectively), but no significant difference 
between them.

11.5.4  Role of Cellular Respiration in Protein Synthesis

In the pretest, more than half of the EG and CG students recognized the need for 
energy in the protein synthesis process (I15), and just over a third linked it to nutri-
tion (I16). However, there was a marked tendency to ignore the intervention of the 
mitochondria (I14), since only around 10% in both groups indicated their role. This 
result suggests that the idea that nutrition directly provides energy dominates, rather 
than the idea that the cell has to generate it through cellular respiration.

In the posttest, greater recognition of the role of nutrition in the protein synthesis 
process was observed in the EG. On the one hand, the frequency of students who 
considered that energy enters the cell directly (I15) was reduced to less than a half; 
whereas, a vast majority managed to identify the substances involved in cellular 
respiration (I16) and the role of mitochondria (I14). So, in the EG there were signifi-
cant pretest-posttest differences (p = .039; p = .026; p = .043) for I14, I15, and I16. 
On the other hand, the proportion in all items remained similar to the pretest in the 
CG, without significant differences between the two tests. The differences between 
the EG and the CG were statistically significant for I14 and I16 (p = .017; p = .023).

11.6  Conclusions

We are aware that the limitations in the number of participants and the time of the 
interventions do not allow us to generalize the results. Besides, the use of tests that 
include multiple-choice answers may have represented a difficulty for students to 
solve them; thereby, future research should avoid this type of questioning.

As a tentative conclusion, the results seem to show the relevance of teaching 
protein synthesis in relation to problems present in the daily life of students. This 
allows the cellular processes that occur at the molecular level to be linked with their 
consequences at the macroscopic level, so that certain learning difficulties associ-
ated with these contents can be overcome (Gerçek, 2018). In both groups, the stu-
dents’ ideas before receiving the interventions were very similar. In the posttest, 
certain improvements were observed in both groups, although they were not 
equivalent.
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Both educational proposals seem to be adequate to improve students’ 
understanding of descriptive aspects, such as the location of genetic information. 
Whereas, for those aspects which require greater cognitive skills, such as achieving 
a systemic vision and relating nutrition and protein synthesis, the designed 
intervention seems more effective. In addition, the use of a daily context such as 
lactose intolerance and its inheritance would have helped students to make sense of 
the organization and function of genetic information from observable and everyday 
phenomena, as seen in the better identification of the role of alleles in the 
determination of the ability to synthesize proteins of the EG. Whereas among the 
CG students, even after receiving specific training, there remained some confusion 
about the role of genes, in line with the results of Lewis and Wood-Robinson (2000). 
It seems that the traditional approach does not help students to clarify the 
functionality of genes as carriers of genetic information. Furthermore, future 
interventions should emphasize the influence of environmental factors in these 
processes.

Finally, difficulties regarding the transcription of DNA into RNA still remain, 
which may correspond to its level of abstraction (Cimer, 2012). Therefore, greater 
attention to this process is necessary, including more specific tasks during the 
intervention.
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Chapter 12
Evaluating the Effectiveness of a Teaching 
Intervention in a Marine Biology Course: 
The Case of Greek Vocational Students

Athanasios Mogias, Eleftheria Peskelidou, and Theodora Boubonari

12.1  Introduction

The ocean covers 71% of our planet and holds 97% of the Earth’s water. It supports 
life on Earth and provides us with tremendous economic, social, and environmental 
benefits (Costanza, 1999). Moreover, the ocean has intrinsic value for its own sake 
and its inhabitants. However, human activities continue to threaten the health and 
integrity of the marine environment (e.g. Derraik, 2002; Lotze et al., 2006; Worm 
et al., 2006). Since this fact can be attributed to the lifestyles, decision-making, and 
choices of individuals, as well as governments and industry, among others, the 
involvement of each and every person in understanding the importance of the ocean 
and the need to protect it is essential. Therefore, to ensure sustainable use of ocean 
resources, there is a need for individual responsible behaviour by ocean-literate citi-
zens. Ocean-literate citizens have some level of knowledge on ocean sciences top-
ics, understand how attitudes and values impinge upon a topic and are empowered 
to take action around the topic (Strang et al., 2007).

The need for ocean literate people is fully aligned with the recently introduced 
Education 2030 Agenda by UNESCO, a framework providing guidance for the 
implementation of seventeen Sustainable Development Goals (SDGs); SDG 14, 
“Life below Water”, is among these goals and concerns the sustainable development 
of oceans, seas, and marine resources, highlights cognitive, socio-emotional, and 
behavioural learning objectives concerning the oceans, and notes the increase in 
student demand for a sustainability-centered education as a significant driver for 
changes in curriculum and teaching practice (UNESCO, 2017). To serve this need, 
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ocean literacy should be integrated into educational practice, research, curricula, 
textbooks, and assessments (Tran et al., 2010).

Promotion of ocean literacy in elementary and secondary education is vital since 
children represent the future citizens and consumers, who will make decisions that 
will inevitably affect the environment (Visbeck, 2018). Youth, apart from perform-
ing responsible environmental behaviours themselves directly, can also influence 
the environmental knowledge, attitudes, and behaviours of peers, family, and of the 
wider community (Hartley et al., 2015).

However, literature reviews reveal that knowledge on ocean sciences issues is inad-
equate (e.g. Boubonari et al., 2013; Chen & Tsai, 2015; Gelcich et al., 2014; Guest 
et al., 2015; Mogias et al., 2015; The Ocean Project, 2009). Specifically, published 
research on elementary and secondary school students revealed low levels of knowl-
edge of ocean issues (e.g. Ballantyne, 2004; Brody, 1996; Brody & Koch, 1986; Guest 
et al., 2015; Lambert, 2006; Plankis & Marrero, 2010; Rodriguez- Martinez & Ortiz, 
1999). This students’ lack of familiarity with the ocean could be attributed to the fact 
that ocean concepts are rarely represented in the formal science education curriculum 
(e.g. Gough, 2017; Lal, 2017; McPherson et al., 2018; Mogias et al., 2019).

Therefore, research and assessment of teaching interventions concerning ocean 
literacy could help fill this gap. The literature also reveals that there are some learn-
ing activities, school programmes, and teaching interventions concerning ocean lit-
eracy, which underline students’ knowledge improvement, especially after first-hand 
experiences on ocean-related topics (e.g. Cummins & Snivelly, 2000; Fortner & 
Teates, 1980; Hartley et  al., 2015, 2018; Lambert, 2005, 2006; Stepath, 2007; 
Plankis & Marrero, 2010; Winks et al., 2020). Some of these studies discuss how 
specifically ICT tools and social media could probably enhance ocean literacy 
(Brennan et al., 2019; Fauville et al., 2019).

12.2  Aims of the Study

In this context, the aim of the present study is to (a) estimate vocational students’ 
knowledge on a specific principle of ocean literacy before and after a teaching inter-
vention, and (b) examine whether and how the teaching intervention actually helped 
the students. The results of this study will help researchers improve the teaching 
intervention and continue the study with a larger sample. This effort cumulatively 
will contribute to the design and implementation of programmes concerning prin-
ciples of ocean literacy, and these could be integrated into the educational practice.

12.3  The Ocean Literacy Framework

Ocean literacy was launched at the beginning of this century. Although the interest 
in marine issues in education was much older, marine education became marginal-
ized and often presented in a very local context (Strang, 2008). When the US 
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National Science Education Standards were published in 1996, various ocean scien-
tists and marine educators realized that there was little mention of ocean topics. 
Furthermore, state standards did not include much about the ocean, coasts, or water-
sheds (Schoedinger et  al., 2010). All the above have led to a new attempt for a 
rebirth of this educational area.

The ocean literacy movement was born in about 2004 in the U.S. To address the 
need for communication and a way to build community consensus on ocean literacy, 
a diverse group of representatives, with expertise in the ocean sciences, ocean educa-
tion, and/or education policy, joined in a series of workshops and conferences to draft 
a common framework. This framework would define the meaning of ocean literacy 
and develop principles about a desirable state of knowledge for the ocean. The result 
of this extensive process was two documents comprising the Ocean Literacy 
Framework: (a) the Essential Principles and Fundamental Concepts of Ocean 
Sciences (National Oceanic and Atmospheric Administration, 2013), and (b) The 
Ocean Literacy Scope and Sequence (National Marine Educators Association, 2010).

The guide (NOAA, 2013) defines ocean literacy as “the understanding of the 
ocean’s influence on you and your influence on the ocean”, and identifies the seven 
essential ocean literacy principles, which all students should understand by the end 
of high school as follows:

 1. The Earth has one big ocean with many features.
 2. The ocean and life in the ocean shape the features of Earth.
 3. The ocean is a major influence on weather and climate.
 4. The ocean made Earth habitable.
 5. The ocean supports a great diversity of life and ecosystems.
 6. The ocean and humans are inextricably interconnected.
 7. The ocean is largely unexplored.

Each of the principles is underpinned by a series of 45 fundamental concepts 
(NOAA, 2013), which support and explain them. According to the guide, an ocean 
literate person understands the essential principles about the ocean, can communi-
cate about the ocean in a meaningful way and is able to make informed and respon-
sible decisions regarding the ocean and its resources (NOAA, 2013).

The Ocean Literacy Scope and Sequence (NMEA, 2010) provides information 
and guidance as to what students need to comprehend in Grades K-2, 3–5, 6–8, and 
9–12, in order to achieve a full understanding of these principles. These progres-
sions show how students’ thinking about the ocean may develop in ever more com-
plex ways across many years of thoughtful, coherent science instruction. The Scope 
and Sequence, represented in a series of conceptual flow diagrams that include 
cross-references, also shows how concepts about the ocean are interconnected 
(NMEA, 2010). These guidelines, developed to help implement an ocean-dedicated 
curriculum in the USA, are now largely accepted and have been an inspiration for 
several initiatives worldwide (Fauville et al., 2019).

The present study focuses on Ocean Literacy Principle 5 (OLP5). This principle 
refers to marine biology issues, such as marine organisms, all marine ecosystems 
found in the ocean, the relationships among them, and which and how physico-
chemical factors influence them (Table 12.1).
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12.4  Methodology

12.4.1  The Participants

The current study was conducted in December 2019 with a convenience sample of 
24 first-grade (15–16  year-old) male students of a public vocational senior high 
school in a provincial town in Northern Greece. The three-year course in Vocational 
High Schools offers general education knowledge, provides vocational training as a 
strong basis for future new professional occupations, and keeps pace with the 
advancement of technology and the constant changes in know-how. The first grade 
includes general education courses, as well as courses of related professional fields, 
in order to provide complete knowledge of the subjects of each field, while the other 
two grades are structured according to professional fields and specialties. The stu-
dents of this study chose the field of mechanical engineering, which was the reason 
for the male gender dominance in the present study. The intervention took place 
within the course entitled “Research Work in Technology”. The object of this course 
is to teach students the methodology of research and technologies.

Prior to the beginning of the intervention, the participants were informed about 
the purpose of the study, the voluntary basis of participation and assurance about 
anonymity, and the official approval of the school’s principal was ensured. Therefore, 
the access authorization, the organizing of the field visits, and the engagement with 
the participants, played a key role in the selection of the sample. Their parents had 
not undertaken formal education beyond secondary school level. Most of the stu-
dents (70.8%) had not attended a lesson or participated in a project concerning 
environmental education; only one student was a member of an environmental 
organization.

Table 12.1 The fifth principle of the Ocean Literacy Framework and its fundamental concepts. 
Concepts are given concisely

Principle Concepts

5. The ocean supports a great diversity of 
life and ecosystems

5a. ocean life ranges in size
5b. microbes the most important primary 
producers
5c. most major groups of organisms in ocean
5d. important relationships among organisms
5e. most of the living space in the ocean, unique 
ecosystems
5f. ocean life not evenly distributed due to 
abiotic factors
5g. deep ecosystems independent of sunlight
5h. vertical zonation pattern along the coast and 
in the open ocean
5i. estuaries

A. Mogias et al.
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12.4.2  The Questionnaire

A structured questionnaire was administered to the students, in order to investigate 
their level of knowledge related to marine biology issues prior to and after the teach-
ing intervention. The questionnaire contained a set of demographics, which con-
cerned their parents’ education and the source of information they mostly use for 
environmental issues, as well as 11 multiple choice questions (see Table 12.2) with 
five optional answers (including ‘I don’t know’) per question concerning all funda-
mental concepts of OLP 5. The items of the research tool were borrowed from 
psychometrically valid and reliable questionnaires concerning ocean literacy 
(Fauville et al. 2019; Markos et al., 2017).

Table 12.2 Relative frequencies of correct answers, and p-values per question prior and after the 
intervention

Questions/Statements

Percentage of 
correct answers
Pre-test 
(%)

Post- 
test (%) p-value

1. Ocean life ranges in size from the smallest living things, 
microbes, to the largest animal on Earth, blue whales

33.3 100.0 0.000

2. Most of the organisms and biomass in the ocean are microbes 37.5 66.7 0.050
3. Most of the major groups that exist on Earth are found 
exclusively in the ocean

45.8 100.0 0.000

4. The ocean hosts a great diversity of life 62.5 87.5 ns
5. The ocean provides a vast living space from the surface 
through the water column, and down to, and below, the 
seafloor

58.3 70.8 ns

6. Ocean ecosystems are defined by environmental factors such as 
oxygen, salinity, temperature, pH, light, nutrients, pressure, 
substrate, and circulation

8.3 20.8 ns

7. There are deep ocean ecosystems, independent of energy from 
sunlight, supporting limited life

20.8 54.2 0.017

8. There are deep ocean ecosystems, independent of energy from 
sunlight, such as hydrothermal vents, submarine hot springs, 
and methane cold seeps

12.5 25.0 ns

9. There are deep ocean ecosystems, independent of energy from 
sunlight, relying only on chemical energy and chemosynthetic 
organisms

16.7 66.7 0.000

10. Factors causing vertical zonation patterns along the coast are 
tides, waves, predation, substrate among others

12.5 66.7 0.000

11. Marine habitats providing important and productive nursery 
areas for many marine and aquatic species are called estuaries

25.0 83.3 0.000

Mean 30.3 67.4 0.000

ns non-significant, p-level >0.05
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12.4.3  The Intervention

A 6-h teaching intervention concerning concepts of OLP 5 was developed for the 
age group of the present study based on the Ocean Literacy Guide and the Scope 
and Sequence (NMEA, 2010; NOAA, 2013). The answers of the participants in the 
pre-test questionnaire about their most preferred source of information on environ-
mental issues, as well as the teaching suggestions provided in the “One Ocean” 
(Mohan, 2013), a guide for teaching about the Ocean, were taken into account while 
structuring the intervention. One of the authors, who worked as a teacher at the 
senior high school of the experimental group and already knew the students, imple-
mented the intervention.

The students worked in teams on case studies, e.g. the case study of an ecosys-
tem, such as a coral reef, an estuary, or a deep ocean ecosystem. Case studies offer 
an in-depth look at how ocean concepts play out in particular locations or situations. 
Moreover, they provide real-life examples of how biotic and abiotic factors, as well 
as relationships among organisms affect natural communities. Videos and websites 
concerning the concepts of OLP 5 (e.g. marine organisms and ecosystems) were 
valuable resources to work with. These resources were sought and used by the 
groups with the support of the teacher. Additionally, each group of students used 
satellite technology to track and map migrations of ocean animals, e.g. beluga 
whale, and other internet resources so as to infer information about their life cycle, 
habitats, their diet, and reproduction. All these resources were used by each group 
to obtain data and answer specific questions concerning a marine ecosystem or an 
organism. Concept maps constructed with Cmap tools were used to summarize and 
synthesize all the information each group had managed to collate for its case study. 
Each group shared these maps and what they had learned about their topic with the 
rest of the groups during short feedback sessions.

12.4.4  Data Analysis

Descriptive and non-parametric inferential statistics (Wilcoxon T) were applied 
with the use of the Statistical Package for Social Sciences (SPSS v. 21); in terms of 
the latter case, results should be interpreted conservatively due to the small sample. 
The significance level was predetermined at a probability value of 0.05 or less.

12.5  Results

The respondents were found to possess a low level of marine biology knowledge 
before the teaching intervention (mean score 3.33 ± 1.523), while this was signifi-
cantly increased immediately after the intervention (mean score 7.42  ±  1.717) 
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(Fig. 12.1). Each correct answer received a value of 1 and incorrect a value of 0; 
therefore, the score could vary between 0 and 11, as this was the total number of 
questions. Table 12.2 portrays the percentages of correct answers. Most answers 
showed a statistically significant difference between the two tests. As regards the 
source of information that students mostly use for environmental issues, the internet 
scored highest (mean  ±  SD: 3.63  ±  1.345), followed by formal education 
(2.33 ± 1.007), while books had the lowest score (1.58 ± 0.584). Their parents’ 
generally did not study formally beyond secondary school and the effect of parents’ 
education on students’ knowledge was not significant at the 5% level.

12.6  Discussion

In the present study, according to the findings, the teaching intervention imple-
mented with vocational high school students with regard to marine biology issues 
significantly increased their knowledge level on these issues, although they were 
found to be very low achievers before the intervention. Our findings seem to be in 
accordance with studies from other countries concerning secondary students’ 
knowledge on marine biology issues (e.g. Brody, 1996; Brody & Koch, 1986; 
Greely, 2008; Guest et al., 2015; Hartley et al., 2018; Plankis & Marrero, 2010).

Participants’ initial low level of knowledge in this study could be attributed to the 
fact that ocean sciences do not constitute a basic part of the Greek educational sys-
tem (Mogias et al., 2019). Particularly, references on marine biology issues exist in 
the school textbooks in Greek secondary education, but these issues are only patch-
ily and superficially touched on. In addition, there are no suitable educational 
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materials to work further on these subjects. Moreover, teachers and students partici-
pate voluntarily in environmental education programmes, which could serve as a 
source of knowledge. However, not all schools implement environmental education 
programmes, and not all students take part in them. Most importantly, only a few of 
these programmes are related to marine biology issues. Beyond these, teachers can 
hardly enrich their teaching with additional knowledge, because of the strict context 
of the formal curriculum (Liarakou et al., 2009).

The inadequate implementation of ocean science topics in secondary school cur-
ricula is supported by the finding that the respondents appear to derive little infor-
mation from formal education about these issues. On the other hand, they declare 
that they acquire information on these issues mostly from the internet. Our respon-
dents’ preference for the internet as a source of information for marine biology 
issues, suggests that this media could be an effective way to educate them about the 
marine environment. Therefore, it should be utilized in a teaching intervention. 
Along the same lines, the internet is considered as an immediate, available anytime, 
medium for the access of environmental information, which delivers the exact piece 
of current information required faster and easier than other forms. It also has the 
potential to provide more details about topics that other media cannot (Haklay, 
2002). However, it is uncertain whether all of the ocean-related literature available 
on the internet is trustworthy. It has been argued that misconceptions may arise from 
misinterpretation of information since children’s ideas acquired mainly through the 
media are not properly tested (Boyes & Stanistreet, 1997; Çakır et  al., 2010). 
Therefore, students need to be taught how to deal with this source of information in 
a constructive manner. Moreover, appropriate and reliable links concerning marine 
biology issues should also be provided.

Although the average score of the pre-test was low, there was a considerable 
variation among questions. Species-related or biological questions (questions 1, 3, 
4, 11) were generally scored higher than abiotic-related questions concerning the 
physicochemical factors of the marine environment (questions 6, 8) before and after 
the teaching intervention. This finding is consistent with the results of previous 
studies (e.g. Ballantyne, 2004; Guest et al., 2015; Marrero, 2010), and underlines 
the fact that young students hold a keen fascination for animal life. This interest in 
marine life could play a key role in the construction of a marine environmental pro-
gramme or teaching intervention, and it could serve as a context to teach more dif-
ficult and less fascinating subjects of the marine physicochemical sciences.

The questions with the lowest score before and after the intervention (questions 
6, 8) concerning physicochemical factors and deep-ocean ecosystems are subjects 
which can be difficult to understand, as also shown in other studies (e.g. Guest et al., 
2015; Mogias et al., 2015). Their low increase in the post-test achievement score 
underlines the need to emphasise them and add related learning activities in the 
teaching intervention.

After the intervention, as was expected, the students increased their knowledge 
of marine biology issues. The effect sizes were high, which might be the result of 
their low prior knowledge. This also indicates that the teaching intervention was 
effective enough to make a significant difference between the pre- and post- 
assessments and to develop participants’ knowledge.
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12.7  Conclusions

In light of the findings of the current study, we conclude that:

 1. Students’ pre-intervention knowledge was poor, but the much improved post- 
intervention scores show that they have the potential to make significant learning 
gains in this area.

 2. Students struggle with concepts concerning physicochemical factors and deep- 
ocean ecosystems and these topics need particular support.

 3. The fascination students show with marine life, as well as their preference for the 
internet as a basic source of information on marine biology issues, should be 
thoroughly considered as an appropriate context and media respectively to 
enhance their knowledge on these issues and generally improve their ocean 
literacy.
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Chapter 13
Promoting Students’ Understanding 
of Gene-Environment Interaction 
in Genetics Education

Johannes Zang and Marcus Hammann

13.1  Introduction

Trait formation is complex. The causal models underlying current explanations 
increasingly consider this complexity and recognize that both genes and environ-
ment as well as multiple interrelationships between these factors influence the for-
mation of most traits. (Halldorsdottir & Binder, 2017; Hunter, 2005; Tabery, 2014).

Students’ understanding about what causes variation in traits, however, has been 
described as rather simplistic and often gene-oriented. Research in biology educa-
tion particularly addressed belief in genetic determinism (BGD), an explanatory 
model emphasizing genetic influence while neglecting other sources of variation 
(Carver et al., 2017; Kampourakis, 2017). Recent findings further indicate BGD as 
a rather trait-specific phenomenon. For example, students intuitively tend to neglect 
the influence of environmental factors on the development of body-related charac-
teristics, and they tend to neglect the influence of genetic factors on the development 
of mind-related characteristics (Zang et al., 2021). Thus, educators are challenged 
to particularly point out different sources of variation when addressing mind-related 
or body-related traits in the classroom. The fact that students’ genetic cognitions are 
often related to agency and fate concepts (Hammann et al., 2021) adds to the com-
plexity of this topic.

To facilitate students’ understanding of genetics, different instructional strategies 
emphasize the relevance of thinking across multiple levels of biological organiza-
tion (Knippels & Waarlo, 2018), to increase students’ ability to reason mechanisti-
cally about the molecular processes linking genes to traits (Duncan & Tseng, 2011), 
or to build upon gene-environment interaction as a central theme of the curriculum 
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(Jamieson & Radick, 2017). Here we focus particularly on students’ causal cogni-
tion – that is how students think about causal relationships underlying perceived 
phenomena. From a cognitive psychology perspective, two aspects render the com-
prehension of complex causal relationships especially difficult: (i) Students often 
have limited knowledge about possible causal relationships and particularly strug-
gle to understand interactive, time-delayed, or relational causality; and (ii) cognitive 
processes support the development of linear, reductionist causal assumptions. Such 
reductions are helpful in everyday life (Kahneman, 2012). However, scientific phe-
nomena are often complex, students are often unaware of their reductionist assump-
tions (Grotzer & Mittlefehldt, 2012), and furthermore, insufficiently familiar with 
strategies that help to critically reflect upon causal models underlying explanations 
(Perkins & Grotzer, 2000). Different instructional strategies have been described to 
address these issues.

Epistemic strategies help to analyse the causal structures of an explanation. For 
example, learners are encouraged to look closely into given evidence to find a causal 
explanation for the observed phenomenon, to uncover flawed evidence and build 
upon counterevidence for the construction of causal explanatory models. 
Metacognitive strategies aim at evoking a cognitive engagement with the causal 
structures of an explanation or idea. Prompts encourage, for example, the examina-
tion of one's own thoughts (Should I believe this assumption?), or given explana-
tions (Should I believe the concept of ...?) (Grotzer & Mittlefehldt, 2012; Perkins & 
Grotzer, 2000). With reference to Mendelian genetics, the school curriculum often 
emphasizes a monocausal model that solely offers genetic variation as a source of 
variance. However, the emergence of trait variation often results from complex rela-
tionships of genetic and environmental factors, which may be additive or interac-
tive. Especially interactive relations between genetic and environmental factors 
(GxE) are in clear contradiction to reductionist explanations only considering 
genetic or environmental variation as causes of trait differences. If GxE adequately 
describes the emergence of variation in a trait, the effect of environmental influence 
depends on the genotype and carriers of different genotypes react differently to dif-
ferent environments. Thus, GxE is an example of relational causality, and norm- 
reaction graphs are particular suited to visualize the interrelation of genetic and 
environmental factors. This kind of graph depicts both the effects of genetic and 
environmental variation on a trait, and is a central element of the teaching materials 
piloted here. We believe that addressing GxE in the classroom complements 
Mendelian-based teaching practices and represents a promising approach to foster 
students’ understanding of causal relationships.

The river dwarf model (RDM) (Zang, 2021) was developed for this purpose. The 
RDM aims at fostering students’ understanding of causal relationships. It deploys 
instructional strategies that support the detection and investigation of causal struc-
tures and provides knowledge about causal models that portray the interrelation of 
genetic and environmental variation in the development of characteristics. The 
RDM first introduces the concept of GxE (Phase 1) using a fictitious model organ-
ism (river dwarfs). GxE is further explored by focussing on specific traits (Phase 2). 
Recurring instructional elements (e.g. tasks and prompts) and the general material 
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design ensure continuity between the two phases. The RDM’s main principle builds 
upon strategies developed to foster causal cognition (see above) and confronts stu-
dents with opposing monocausal explanations (only genes, only environment) for 
trait differences. Epistemic and metacognitive prompts then encourage a critical 
examination of the causal structures of these explanations. Within this process, 
norm-reaction graphs are used to develop different causality models. Comparing 
these models, students gain the insight that neither genetic nor environmental expla-
nations alone best explain variation within the respective traits, but a model of rela-
tional causality (GxE), and all materials address different levels of biological 
organisation. The self-study materials evaluated here are part of the RDM Phase 2 
and consist of a sequence of worksheets with tasks, prompts, and templates for dia-
grams. They illustrate GxE by addressing the development of three characteristics 
with high social relevance and complex aetiology – being overweight (A), depres-
sion (B) and phenylketonuria (PKU) (C).

13.2  Research Question

The broader aim of this study was to evaluate whether an instructional strategy 
addressing causal cognition promotes students’ understanding of relational causal-
ity in genetics. More specifically, we asked to what extent the use of trait-specific 
materials (the RDM Phase 2 teaching materials) support students’ understanding of 
GxE interactions.

Since GxE strongly contradicts monocausal explanations, we expected stu-
dents to:

 (a) place more emphasis on the interrelation of genetic and environmental factors 
when asked to indicate sources for variation in a trait; and

 (b) refrain from statements providing monocausal explanations for variation in a 
trait after working with the materials.

A further aim of the study was to explore to what extent established scale types, 
designed to operationalize BGD, display changes in students’ responses after the 
intervention.

13.3  Methods

13.3.1  Sample, Design & Instrument

A total of 54 German high school students (25 female; age: M = 16.54, SD = 0.61) 
from four schools (qualification phase 1) were randomly assigned to three groups. 
Following an in-part switching replication design (Fig. 13.1a), Group A (n = 17; 9 
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female) first worked with material A (being overweight) and with material B 
(depression) the next day. Group B (n = 17; 9 female) worked first on material B and 
then with material A. Group C (n = 20; 7 female) worked on material C (PKU). All 
students worked with the paper-based self-study materials within 90-min school 
lessons (Fig.  13.1a). Taking the teachers’ role during the study, one investigator 
handed out the materials, guided the students through all working and survey phases 
and was available to answer questions. To evaluate the materials’ impact on stu-
dents’ cognition about GxE, we deployed a four-parted questionnaire containing 
different scale types (P1–4) to assess: (i) students’ attribution of trait variation to 
environmental or genetic causes (P1); (ii) agreement with gene-deterministic or 
gene-related statements (P2); and (iii) selection frequencies in multiple-choice tasks 
(P3 & P4). All participants completed a paper-and-pencil version of this question-
naire before (T0) and after (T1) intervention. To disentangle intervention-specific 
effects, groups A & B additionally filled in a short version of the questionnaire (P1 
& P2, see below) after having worked with the first materials (T0.5). The first part 
(P1) of the questionnaire represents an adapted version of the PUGGS BGD Scala 
(Carver et  al., 2017), comprising 12 traits (six body-related). We used a seven- 
pointed Likert scale to assess the students’ attribution of trait differences from 
1 = only environmental influences to 7 = only genetic factors. The second part (P2) 
was constructed in reference to the BGD scale (Keller, 2005) and contains 11 items. 
Students were asked to indicate their agreement with the given statements on a 

Fig. 13.1 Study design and frequency response parameter
The study design is visualized in (a). Bar plots depict group-specific mean choice of the middle 
category in P1 traits and disagreement with genetic statements in P2 items (b) across time. Error 
bars represent SEM. Students’ responses to the two most time sensitive P3 statements are depicted 
by density plots (c). Grey areas show students’ response distribution at T0, red curves show stu-
dents’ response distribution at T1
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seven-pointed Likert scale ranging from 1 = not at all true to 7 = completely true. 
Five of the presented items express a strong link between genes and traits (e.g. In my 
opinion, being overweight is mainly caused by genetic factors), three items relate 
causes to perceived agency (e.g. I can affect characteristics that are caused by envi-
ronmental influences), two items relate genetic or environmental causation to fate 
concepts (e.g. The fate of every person is defined by environmental influences), and 
one item emphasized gene-environmental interplay (Genetic and environmental 
influences always have a joint effect on trait differences). The third part (P3) is 
inspired by the PUGGS knowledge scale and has been designed as a multiple- 
choice format. Students were asked to indicate their agreement with a total of ten 
statements by ticking them. Statements focussed on the perceived relationship 
between causal factors and traits (A gene always codes for a specific trait; An envi-
ronmental factor always has the same influence on a specific trait), preference for 
either genetic causation (Genes have the strongest influence on the expression of a 
characteristic - environmental influence is of minor importance) or environmental 
causation (Environmental factors have the strongest influence on the expression of a 
characteristic – genetic influence is of minor importance) and consideration of the 
levels of biological organisation (Environmental influences can affect different level 
biological of organisation). The fourth part (P4) comprises four multiple-choice 
tasks. The tasks asked for causes of variation in the development of obesity (A), 
body weight in mice (B), spatial learning in either mice (C) or plant growth (D), and 
the choices presented reflected genetic or environmental causation as well as an 
understanding of gene-environment interplay. At T0, students were asked to indi-
cate their sex and their last mark in biology, and they were asked to rate their interest 
in biology (IB) and genetics (IG) on a seven-pointed Likert scale ranging from 
1 = not at all interested to 7 = very interested.

13.3.2  Data Preparation and Analysis

Focussing our analysis mainly on P1 and P2, we investigated students’ responses to 
the intervention at the level of selection frequencies, mean scores and single item 
ratings.

First, we looked into selection frequencies of P1 and P2 scale levels. Choice of 
the P1 middle category (4) and P2 disagreement (<4) orientation served as a model 
response parameter, and students’ responses to P3–P4 of the questionnaire were 
analysed based on selection frequency as well. We used Poisson generalised linear 
models (GLM) with log-link function or binomial models with logit-link function 
to investigate intervention effects on these frequency-based response parameters, 
and we modelled the factor time as a random effect in all analyses.

Next, we subsumed body-related (n = 6) and mind-related (n = 6) traits (P1) and 
items (n  =  5) reflecting genetic causation (P2) by calculating mean scores. 
Cronbach’s alpha is reported as an indicator of internal consistency. We used analy-
sis of variance (ANOVA) and Tukey’s HSD test to compare groups and repeated 
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measure ANOVA to analyse time effects on mean scores. Greenhouse-Geisser cor-
rections were applied where necessary, and η2 is given as a measure of effect size.

Subsequently, we built itemwise linear models to: (i) estimate the influence of 
intervention (T0 to T1); and (ii) to compare material-specific effects (T0 to T0.5 or 
T1) on students’ attribution (P1) and agreement (P2) ratings. For the latter, we cal-
culated a response-variable delta by subtracting baseline values (T0) from post- 
intervention values (T0.5 or T1) and estimated the effects of group (A–C) as 
regressors. Bonferroni-Holm corrections were applied to account for multiple test-
ing. Prior to model generation, we partialed out the influence of school as a source 
of variability using a generalized linear model (GLM) to residualize the data. For a 
more in-depth analysis of intervention effects (T0 to T1), we constructed mixed 
linear models to test the influence of time, group, sex, mark, interest and a time x 
group interaction effect on variation in students’ trait-specific attribution (P1) or 
agreement to given statements (P2), by simultaneously controlling for the influence 
of all other variables. All analyses were performed within the R statistical environ-
ment v.3.4.2 (R Core Team, 2017) at a significance level of .05.

13.4  Results

Groups were comparable in most characteristics, but differences in students’ inter-
est in genetics became apparent F(2, 51) = 3.83, p < .05, η2 =  .13 (Table 13.1). 
Analysis of response frequencies showed the following: in P1 ratings, students 
rarely chose one of the extreme categories as the cause of trait differences (only 
genes  =  7.3%, only environment  =  9.6%), and rather tended to environmental 
(42.89% < 4) instead of genetic (33.08% > 4) attribution across all traits at T0 and 
T1. As expected, the choice of the middle category (4) increased significantly after 
studying the materials (T0 to T1) χ2(1) = 36.1, p < .001, and we found no substantial 
evidence for group differences χ2(2)  =  1.95, p  =  0.37 or an interaction effect 
(group × time) χ2(2) = 2.70, p = 0.25 (Fig. 13.1b). In P2 ratings, students tended to 
agree with statements deterministically linking genes to traits across all points of 
measurement (61.29% >4 across all items at T0 and T1). We found no effect of 
intervention on agreement tendencies χ2(1) = 1.33, p = 0.24 and no group x time 
interaction effect χ2(2)  =  0.05, p  =  0.97. Contrary to our expectations, students’ 
tendency to disagree with given statements (22.77% < 4) slightly, but significantly 
decreased in all groups χ2(1)  =  5.97, p < .05 after the intervention (Fig.  13.1b). 
Among the items presented in P3, two showed a sensitivity to change in response to 
the intervention. In particular, the students’ agreement with the statement 
“Environmental influences can affect different levels of biological organisation” 
increased from T0 to T1 χ2(2) = 6.71, p < .01. In contrast, agreement with the state-
ment “Genes have the strongest influence on the formation of a trait - environmental 
influence is of minor importance” decreased χ2(2) = 18.37, p < .001 after working 
with the GxE materials (Fig. 13.1c).
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Next, we focussed our analysis at the level of scale means. Before the interven-
tion, students attributed mind-related P1 traits (M = 2.91, SD = 0.64) stronger to 
environmental influences compared to body-related characteristics (M  =  4.38, 
SD = 0.47) F(1, 53) = 75.54, p < .001, η2 = .36, and these orientations were stable 
across groups and time (Table  13.1). After the intervention, mind mean scores 
increased within group A & B, decreased within group C (Table  13.1), and the 
group x time interaction was significant F(2, 51) = 3.91, p < .05, η2 = .03.

Intervention had no overall influence on students’ body-related traits mean scores 
F(2, 51) = 0.61, p = .55. Analysis of P2 genetic causation scores showed that stu-
dents tended to agree with gene-deterministic statements (Table  13.1). This ten-
dency slightly but significantly increased after the intervention F(1, 51) = 4.49, p < 
.05, η2 = .03, and group C students exhibited higher genetic causation scores com-
pared to students in group A and B F(2, 53) = 5.09, p < .05, η2 = .12. Overall, small 
Cronbach’s α value showed mean scores to insufficiently reflect variation in stu-
dents’ ratings. α value increased after intervention and particularly in P1 mind rat-
ings of group A and B, indicating rising degrees of homogeneity in students’ 
attribution. (Table 13.1).

Subsequently, we investigated the trait (P1) and item (P2) level to further charac-
terize how students responded to the GxE materials. All students attributed variation 
in depression (δT1–T0 = 0.75) significantly stronger to genetic causes, and they attrib-
uted variation in PKU (δT1–T0  =  −0.48) significantly stronger to environmental 
causes after the intervention (T0 to T1) (Fig. 13.1a). After controlling for the influ-
ence of all other variables, the intervention still explained variance of students’ 
attribution of depression (9.93%) and PKU (2.08%). Accounting for a group x time 
interaction explained an additional percentage of variance in students’ attribution of 
depression (4.89%), empathy (4.22%) and overweight (12.44%).

Students who worked with the depression-focused and overweight-focused 
materials (group A and B) but not group C students (PKU) attributed variation in 
both these traits less to environmental causes and shifted towards the P1 middle 
category after the intervention. To unravel material-specific effects we compared 
the trait-specific baseline (T1) to post (T0.5 or T1) delta values between groups 
(Fig. 13.2e). After working with the depression material (B), the overall increase of 
gene orientation in depression attribution was significantly stronger compared to 
students who worked with the PKU (C) material and slightly stronger compared to 
students who worked with the overweight material (A). Working with the over-
weight material had no particular influence on how students attributed metabolism- 
related traits, and working with the PKU material had no specific influence on how 
students attributed variation in PKU.  Interestingly, particularly group A students 
showed a group-specific increase in gene orientation for a set of mind-related traits 
(gambling addiction, empathy, interest in fashion) and increasing environmental 
orientation when stating causes for variation in height (Fig. 13.2e).

We observed an overall effect of the intervention on six P2 items. One of these 
items was part of the genetic causation subset (item 7). After the intervention, stu-
dents’ agreement with the statements “I can affect characteristics that are caused 
by environmental influences” (Item 2, δT1–T0 = 0.77), “The fate of any person is in 
their genes” (Item 5, δT1–T0 = 0.6) and “Genetic and environmental influences always 
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have a joint effect on trait differences” (Item 10, δT1–T0 = 0.75) increased signifi-
cantly. Students’ agreement with the statements “I can affect characteristics that 
are caused by genetic factors” (Item 6, δT1–T0 = −0.92), “I believe that the genetic 
predisposition has no influence on the development of intellectual abilities” (Item 
7, reverse coded, δT1–T0 = −0.57) and “The fate of any person is defined by environ-
mental influences” (Item 8, δT1–T0 = −0.74) on the other hand significantly decreased 
after the intervention (Fig. 13.2b). Further analyses supported these findings. Time 
explained 3–7% of variance in students’ responses to the reported statements even 
after controlling for further variables (Fig. 13.2d). Time × group interaction, in con-
trast, did not account for significant proportions of variance in students’ responses 
to P1 statements, and we did not observe material-specific effects on students’ 
response differences (Fig. 13.2e).

Fig. 13.2 Attribution and agreement differences after intervention
Volcano plots depict general T1–T0 differences in students’ cross group responses to P1 traits (a) 
or P2 items (b) against – log10 p-values. Dashed horizontal lines indicate the p = .05 threshold, 
vertical lines indicate a delta of 0.4. Stacked bar plots visualize the proportion of variance of P1 
traits (c) or P2 items (d) as explained by listed variables. Intervention-specific mean differences 
(delta T1/T0.5–T0) in students’ trait (P1) or item (P2) response are shown as line plots. * indicate 
significant baseline to post response differences (p <  .05) between groups according to Tuckey 
HSD post hoc analysis
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13.5  Discussion

Learning to think about causal relations is important for understanding complex 
phenomena. Focusing on depression, being overweight and PKU, the materials 
piloted in this study addressed body-related as well as mind-related traits and fur-
ther encouraged students to reflect upon causal relationships. By comparing differ-
ent causal models, students gained the insight that GxE interaction as an example of 
relational causality – rather than monocausal explanations – best explains trait vari-
ation within the presented traits. We note that our study is based on a rather small 
sample and we could not control for intervention-independent variation over time. 
We therefore consider our findings as preliminary and in need of replication, but 
also informative, and several parameters indicated that the instructional strategy of 
addressing causal cognition promoted students’ understanding of relational causal-
ity in genetics.

At the level of selection frequencies, we observed clear but contradictory inter-
vention effects. As expected, students chose the middle category significantly more 
often when rating P1 traits, and agreed more often with the P3 statement emphasiz-
ing biological organization, and less often with the P3 statement emphasizing 
genetic influence over environmental influence after the intervention. However, 
contrary to our expectations, students’ disagreement with gene-deterministic state-
ments (P2) declined after working with the materials, and these rather opposing 
effects are as well reflected at the level of mean scale values.

In line with previous findings on students’ trait-specific attributions (Hammann 
et al., 2021; Zang et al., 2021), P1 mean scores depicted students’ preference for 
environmental causation of mind-related traits. Interestingly, intervention specifi-
cally impacted on students’ mind mean scores, which increased within group A, and 
B and decreased within group C. Body mean scores on the other hand remained 
rather stable and this gave a first indication of trait-specific and group-specific 
responses to the provided materials.

The fact that P2 mean genetic causation scores slightly increased after the inter-
vention suggests that providing genetic information – even if presented within a 
clear GxE context  – potentially fosters agreement with gene-deterministic state-
ments. Yet, rather small α value demonstrate that mean scores only insufficiently 
reflect variation in students’ ratings, and that is why we focused subsequent analy-
ses on the trait and item level.

Analyses at the trait and item level revealed further insights. All students attrib-
uted variation in PKU stronger to environmental causes and variation in depression 
stronger to genetic causes after the intervention. Attribution of depression “leveled 
in” at the scales’ middle category, and increase in gene orientation was strongest in 
students who worked with depression-focused materials. We observed no general 
but group-specific effects on how students attributed variation in overweight, and 
students who studied the overweight-focused material took genetic influences stron-
ger into account and shifted towards the scale’s middle category. Thus, we found the 
expected attributional shifts in all traits addressed by the materials and some 
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indications for material-specific effects. Yet group A students in particular, exhib-
ited increasing gene orientations in a set of mind-related traits and to a lesser extent 
increasing environmental orientations in some body-related traits after working 
with the overweight-focused materials.

Thus, the intervention potentially affects the students’ attribution orientations 
beyond the addressed trait, and students seemed rather prone to acknowledge 
genetic factors as an additional source of variation in mind-related traits. Although 
genetic causation mean values increased after the intervention, little evidence sup-
ported this finding on the item level. More controlled analyses showed that students 
tended to agree with P2 genetic causation items, but ratings for most of these items 
did not change after the intervention, which likely renders findings at the mean level 
as artefacts.

Moreover, responses to P2 statements indicated divergent material effects. On 
the one hand, the intervention seemed to further reinforce existing cognitive con-
cepts about fate and agency. As such, students’ agreement with statements linking 
agency to the idea of environmental causation and students’ disagreement with 
statements linking agency to the idea of genetic causation increased. Further, stu-
dents were more inclined to agree with the link between genes and fate but less 
inclined to agree with the link between environmental factors and fate after the 
intervention. On the other hand, students also tended to agree more strongly with 
joint causation by genetic and environmental factors after the intervention.

Taken together, we observed indications for general and material-specific effects 
on different levels of the provided questionnaire. Overall, our results suggest that 
addressing causal cognitions is a promising approach to promote students’ under-
standing of GxE. Yet, they also shed some light on the diverse and complex land-
scape of students’ genetic cognition. Future research should address the question to 
what extent trait-specific attribution orientations and agreement-based ratings 
reflect students’ understanding of genetic complexity, and particularly investigate 
the relation between genetic causation, fate and agency concepts. We recommend 
that educators address students’ causal cognitions when teaching about genetics, 
and complement the teaching of monocausal models by introduction of GxE as a 
form of relational causality. Further, although we observed some evidence for cross- 
trait effects, we suggest addressing both mind-related and body-related traits when 
teaching genetics. Educators should pay attention to environmentally-centred 
beliefs and particularly point out environmental variation as a source of variation in 
the development of body-related traits. Furthermore, instructional materials should 
reflect the complexity of gene-related cognition, and focusing on fate and agency 
concepts might be a strategy worth pursuing to foster students’ understanding of 
genetics. Since we previously observed the students’ tendency for mind-related and 
body-related attribution orientations, the material evaluated here focused on both, 
body and mind traits. Adding traits to the collection is a task for development efforts, 
and future studies will need to evaluate to what extent the successive processing of 
phase 1 & 2 of the RDM affects students’ cognition about genetics. The RDM will 
be available at thinkingaboutgenes.com.
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 Figure 13.2 Graphic Components

 

Volcano plots depict general T1–T0 differences in students’ cross group responses 
to P1 traits or P2 items against – log10 p-values. Dashed horizontal lines indicate 
the p = .05 threshold, vertical lines indicate a delta of 0.4.

 

Stacked bar plots visualize the proportion of variance of P1 traits or P2 items as 
explained by listed variables.
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Intervention-specific mean differences (delta T1/T0.5–T0) in students’ trait (P1) 
or item (P2) response are shown as line plots. * indicate significant baseline to post 
response differences (p < .05) between groups according to Tuckey HSD post hoc 
analysis.
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Chapter 14
Students’ Conceptions as a Neglected 
Perspective in Trainee Teachers’ Biology 
Lesson Plans

Leroy Großmann and Dirk Krüger

14.1  Introduction

Following a constructivist view on learning processes, good teaching practice 
requires a thoroughly defined adjustment of instructional strategies to match the 
unique requirements of the group of students in question (Duit & Treagust, 2012). 
In that sense, a constructivist learning environment must fit specifically to the cur-
rent individual needs of particular students. To satisfy those needs in instructional 
practice, teachers have to be aware of them by analyzing the group prior to teaching 
with regard to cognitive, motivational and social aspects (Hardy et al., 2019). This 
corresponds to the definition of pedagogical content knowledge (PCK) as the core- 
part of science teachers’ expertise, i.e.

…the knowledge of, reasoning behind, and planning for teaching a particular topic in a 
particular way for a particular purpose to particular students for enhanced student out-
comes. (Gess-Newsome, 2015, p. 36).

Consequently, teachers are expected to explicitly consider the general learning 
context and characteristics of their students as well as topic-specific learning diffi-
culties and misconceptions when planning a lesson.

Notwithstanding the vast amount of research in the field of teachers’ expertise 
and the diverse approaches to investigate science teachers’ PCK (Chan & Hume, 
2019), there is a lack of research on what aspects of their students’ understanding in 
science they take into consideration when planning a lesson in an authentic context 
(Weingarten, 2019). So far, research focusing science teachers’ considerations and 
implementations of students’ conceptions has assessed teachers’ views basically in 
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interview-based research designs with rather small sample sizes (Lin, 2016; Lucero 
et al., 2017; Moodley & Gaigher, 2019). To the best of our knowledge, there is no 
exploration of authentic biology teachers’ lesson plans and their rationales provided 
focusing on the challenges that occur when using students’ understanding in science 
for instructional decisions. To close this gap, our study provides further representa-
tive insights into the PCK dimension Students’ Understanding in Science and its 
relatedness to Instructional Strategies (Park & Oliver, 2008).

14.2  Theoretical Background

14.2.1  Biology Teachers’ Enacted Pedagogical Content 
Knowledge in Lesson Planning (ePCKp)

Teachers have to access knowledge that helps them to plan and conduct lessons that 
foster students’ competencies as effectively as possible. For that particular knowl-
edge, Shulman (1986) introduced the notion of pedagogical content knowledge 
(PCK) as the knowledge base that distinguishes teachers from other professions. In 
spite of differences between various conceptualizations of PCK in detail (Neumann, 
Kind and Harms, 2019), the Refined Consensus Model reflects the current represen-
tation of PCK that is held in the science educational community (Carlson & Daehler, 
2019). For the purpose of this paper, we explicitly focus on the enacted pedagogical 
content knowledge during planning (ePCKp), i.e.

…the knowledge in action generated during, and made visible in, science teachers’ plan-
ning. (Alonzo et al., 2019, p. 274).

There is consensus that knowledge about students’ needs and their prior under-
standing is a constitutive part of ePCKp (e.g. Gess-Newsome, 2015). For instance, 
in their Pentagon model, Park and Oliver (2008) stress the importance of interplay 
between the five PCK dimensions Orientations to Teaching Science, Science 
Curriculum, Assessment of Science Learning, Students’ Understanding in Science 
and Instructional Strategies. It was shown that particularly knowledge of students’ 
understanding (including motivation and interest, learning difficulties, need and stu-
dents’ conceptions), and knowledge of instructional strategies, were central in the 
teaching practice of (biology) teachers (Park & Chen, 2012; Reynolds & Park, 2020).

These findings support Shulman’s (1986) theoretical assertion and are in line 
with later empirical findings (e.g. Aydin & Boz, 2013) that those components are 
most crucial for science teachers’ PCK development. However, conflicting findings 
which showed hardly any influence of teachers’ assertions about their students’ 
understanding on the choice of instructional strategies (Walan et al., 2017), raise the 
question about how far science teachers actually consider students’ understanding 
for instructional decisions. Research on teachers’ planning skills has shown that 
particularly the consideration of students’ cognitive abilities and the anticipation of 
learning difficulties is challenging for teachers (e.g. Borko & Livingston, 1989; 
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Westerman, 1991). Therefore, it is important to further investigate this very inter-
play in detail and based on authentic non-experimental enacted planning of in- 
service teachers (Weingarten, 2019).

14.2.2  Leveraging Students’ Conceptions for Instruction

A variety of aspects (tasks, activities etc.) needs to be considered when planning a 
lesson that is intended to be tailored to students’ understanding in science. In cur-
rent PCK studies, aspects like motivation and interest are barely focused upon, 
whereas particularly students’ conceptions are regarded as crucial for engaging stu-
dents in science classes and designing appropriate learning processes (Duit et al. 
2012; Larkin, 2012).

Yet, as Krell (2020) points out, the notion of “conception” itself is ambiguously 
defined. In a constructivist sense, it is defined as the internal representation of an 
entity shaped by external representations shaped by other people. This view leads 
directly to the conceptual change theory according to which students are confronted 
with a phenomenon, become dissatisfied with their prior conceptions, and are pro-
vided an alternative, plausible and fruitful conception that can permanently or tem-
porarily replace or complement their conception of the world (Duit & Treagust, 2012).

Diagnosing students’ conceptions would require teachers’ willingness to delib-
erately include the learning context and base instruction on those conceptions. 
Hence, Lin (2016) states that teachers can plan their instruction more effectively if 
they gain insights into their students’ minds. Therefore, teachers are expected not 
only to be aware of the nature of their students’ conceptions (Lin, 2016), but also of 
their sources (Taber & Tan, 2011). Yet, this is often not the case (Lucero et  al., 
2017). In their analysis of novice science teachers’ teaching practice, Windschitl, 
Thompson and Braaten (2011) distinguish three levels of working with students’ 
ideas: (1) monitoring, checking, reteaching ideas, i.e. not considering or working 
with students’ ideas; (2) eliciting students’ understanding, i.e. considering students’ 
ideas but not using them for instructional design; (3) referencing students’ ideas and 
adapting instruction, i.e. shaping instruction based on particular students’ ideas.

Beyond that, even if students’ conceptions are considered by teachers when plan-
ning a lesson, the practical implementation of instructional strategies is often diffi-
cult for teachers. This might be because they do not apply useful assessment tools 
to elicit students’ understanding (Morrison & Lederman, 2003), or because teachers 
tend to unilaterally focus on transmitting subject matter knowledge rather than 
working with students’ conceptions (Moodley & Gaigher, 2019).

Additionally, experience-based concepts and academic concepts are regarded as 
distinct, and thus neither one of them is considered instead of using their synergies 
(Otero & Nathan, 2008). Moreover, teachers prefer to restate their own understand-
ing of a scientific topic instead of representing the content for students’ learning, 
even if they believe to have insights into their students’ thinking (Halim & 
Meerah, 2002).
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14.3  Research Questions

The present study contributes to research on in-service trainee teachers’ PCK by 
gaining further insights into the planning processes of biology lessons.

Two research questions are addressed:

RQ 1: Which facets of knowledge about Students’ Understanding in Science as part 
of their ePCKp are most taken into account by German trainee teachers in written 
biology lesson plans?

RQ 2: To what extent do German trainee teachers align their planned instructional 
strategies in biology lessons to their analysis of students’ conceptions?

14.4  Research Design and Methods

14.4.1  Data Material and Collection

The sample consists of 107 biology lesson plans (for students in grades 5–13) that 
were obtained from the Ministry for Education, Youth and Family in a federal state 
of Germany in an anonymized form. They were written by German trainee teachers 
during their final exam in the second phase of teacher education. German teacher 
education is organized in two phases: the first pre-service phase consists of 3 years 
of Bachelor’s study and 2 years of Master’s study at university; the second phase 
consists of 1.5 years of in-service teacher training (Neumann et al., 2017). It is a 
complete sample since it includes all lesson plans of trainee teachers who finished 
their training in the years 2018/2019. Therefore, those lesson plans can be regarded 
as representative indicators of the state-of-the-art of biology lesson planning in this 
federal state. Since those lesson plans have been written in the course of a formal 
examination, they had to follow certain structural regulations. They contain a 
description of the learning objectives, an analysis of the subject matter, an analysis 
of the group of students, a description of the planned lesson including rationales for 
planning decisions (activities, tasks, methods, etc.) and materials (e.g. worksheets 
including solutions). There were no more concrete instructions for writing the les-
son plan. Due to data protection we were not allowed to collect further data such as 
grade in the exam, gender, teaching experience, interviews and so forth.

14.4.2  Data Analysis

RQ 1: Biology teachers’ ePCKp

The lesson plans were analyzed within the methodological framework of qualita-
tive content analysis (Elo et  al., 2014; Schreier, 2012). We applied a mainly 
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deductive approach derived from the above-mentioned Pentagon model of PCK 
(Park & Oliver, 2008), i.e. the categories 1B, 1C and 3 (Table  14.1) have been 
directly adopted from this model. Category 4 was included since it is an important 
aspect in adaptive teaching (Hardy et al., 2019). Two categories have been added 
inductively to fully cover the trainee teachers’ considerations of their Students’ 
Understanding in Science, i.e. to ensure empirical validity (Schreier, 2012): Prior 
Knowledge (1A) is often referred to in order to explain the selection of content, and 
Methodological Knowledge (2) describes students’ knowledge about and experi-
ences with certain activities and materials.

For coding, the software MAXQDA 20 was used. The first author coded 20% of 
the sample twice to ensure reliability (intrarater-agreement), all lesson plans were 
coded by the first author and a student assistant to ensure objectivity (inter-rater 
agreement). Cohen’s Kappa indicated very high intra-rater agreement (Mκ = 0.85) 
and moderate to very high inter-rater agreement (Mκ = 0.76; Wirtz & Caspar, 2002).

RQ 2: Leveraging students’ conceptions for instruction.

To gain further insight into how biology teachers align their instructional 
planning to their students’ conceptions, two cases that include students’ concep-
tions and address the same conception have been purposefully selected (Patton, 
1990) to compare their ePCKp and deduce similarities and differences. Therefore, 
rationales for the use of instructional strategies referring to students’ concep-
tions are analyzed.

Table 14.1 Categories of trainee teachers’ analysis of Students’ Understanding in Science

Category Subcategories Examples

1. 
Cognition

A. prior 
knowledge

My students know the terms natural and sexual selection as well 
as the related driving factors. […] They do not know about the 
interplay of those factors yet. (BT43, p. 4)

B. students‘ 
conceptions

My students understand evolution basically as a teleological 
process that does not continue once the intended goal is 
achieved. (BT43, p. 8)

C. learning 
difficulties

As it turned out repeatedly, my students struggle to distinguish 
the essential from the non-essential information in texts. The 
more abstract the topic, the more problems they have. (BT87, 
p. 4)

2. Methodological 
knowledge

Some of my students have already participated in panel 
discussions concerning bioethical topics like the use of 
glyphosate. (BT35, p. 3)

3. Motivation/interest My students told me that they like experimenting in groups. 
(BT97, p. 5)

4. Social aspects Some of my students lack the ability to collaborate, which can be 
the source of severe disturbances in cooperative learning. (BT21, 
p. 4)

BT biology teacher
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14.5  Results

14.5.1  Science Teachers’ ePCKp [RQ 1]

Table 14.2 illustrates the distribution of codings in the lesson plans that include 
information from the six dimensions described above.

Nearly all trainee teachers analyze their students’ prior knowledge and approxi-
mately two thirds refer to methodological, motivational and social aspects. 
Strikingly, students’ conceptions are barely considered.

On average, prior knowledge was addressed eight times per lesson plan whereas 
all the other categories were coded approximately twice per lesson plan (if they 
were considered at all). Further statistical analyses revealed no significant differ-
ences between school types, grades or topics.

14.5.2  Leveraging Students’ Conceptions 
for Instruction [RQ 2]

Three of those six trainee teachers considering students’ conceptions only specu-
lated on their students’ ideas, two used empirical findings from literature without 
concrete application to their own students and only one explicitly used a strategy to 
elicit students’ thinking. However, neither types nor sources of students’ concep-
tions are analyzed in those lesson plans. Two lesson plans in the sample focus on the 
same topic and refer to students’ conceptions, specifically to the idea that ecosys-
tems are static instead of dynamic. The following sections compare those two cases 
in more detail.

Case 1: The lake (Biology Teacher: BT87)

In this lesson, students are intended to learn how it is possible that there are con-
stantly sufficient minerals in the epilimnetic zone of a lake even though they tend to 
sink down into the hypolimnetic zone. Right at the beginning, BT87 claims that 

Table 14.2 Quantity of codings per lesson plan addressing facets of Students’ Understanding 
in Science

Category
Lesson plans referring to the facets at least 
once (N = 107)

Relative 
frequency

1.A. prior knowledge 106 99.1%
1.B. students‘ conceptions 6 6.5%
1.C. learning difficulties 23 21.5%
2. methodological 

knowledge
75 70.1%

3. motivation/interest 71 66.4%
4. social aspects 73 68.2%
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solving ecological problems requires systems thinking skills, yet there is no analy-
sis at all in how far students have already experienced systems thinking. Instead, the 
focus lies on what activities particular students are familiar with and on how moti-
vating this is for them:

Leonhard is a friendly student who has sophisticated knowledge in biology […]. However, 
he does not participate in lessons if writing is necessary. […] He tends to interrupt con-
stantly when he has to work individually. Therefore, I prefer group work since due to the 
interdependencies, he will feel more responsible. […] I decided to let them produce a 
graphic representation which requires little writing effort. (BT87, p. 3)

It is claimed that instructional decisions like group work and avoidance of writing 
are made in order to specifically support certain students in their individual learning 
abilities. However, analyses of individual students’ requirements are usually used to 
legitimise instructional decisions for the whole group of students rather than for 
individual students. Hence, the instructional design often only appears to be 
differentiated.

As far as the relevance of systems thinking and the consideration of students’ 
conceptions are concerned, BT87 refers to the importance of analyzing cyclic 
cause-and-effect relationships as well as possibly occurring side effects. In this con-
text, empirical research is consulted to point out that 16/17-year-old students per-
ceive ecosystems as static systems:

At the beginning of the teaching unit, I analyzed my students’ prior knowledge (Hammann 
& Asshoff, 2014, S.194) […]. I diagnosed that my students have similar conceptions. Since 
ecosystems change even without a harmful human influence, it is important to address this 
topic in biology classes. (BT87, p. 3)

Two aspects are noteworthy here. First, an instructional decision is made based on 
the consideration and use of empirical findings. However, this is only used as a 
rationale for the choice of topic, not for the instruction itself. Second, neither con-
crete misconceptions are named nor any kind of differences within the group of 
students are mentioned. Hence, all instructional decisions to follow refer to the 
whole group instead of addressing the needs of particular subgroups of students.

The reasons for the structure of the lesson are only partly related to the extensive 
analysis of Students’ Understanding in Science:

At the beginning, I present the question and ask students to hypothesize about it. The pur-
pose is to reduce linguistic inhibition and activate all students in the class. (BT87, p. 5)

Interestingly, there is neither any reference to the importance of hypotheses as far as 
scientific reasoning competencies are concerned, nor are those hypotheses used in a 
diagnostic way to tailor the further learning process based on the variety of stu-
dents’ ideas.

To summarize, BT87 has analyzed many aspects of his/her students’ understand-
ing in science and provides a clear insight into the classroom situation. However, 
most of those aspects are not used in the planning of instruction. Particularly, the 
claimed consideration of students’ conceptions is not reflected in the tasks, the 
activities or in the learning outcome.
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Case 2: Succession of plants in the Berlin Wall death strip (Biology Teacher: BT60)

In this lesson, students are intended to learn about ecological succession of 
plants. The context chosen is the Berlin Wall death strip that has been colonized by 
many plant species since the German reunification in 1990. To justify the choice of 
topic, BT60 claims two relevant things right at the beginning:

In the last unit, students experienced how ecosystems work by the example of forests. Now, 
we will deal with changes in ecosystems over time. Even though students generally notice 
changes in their environment, natural ecosystems are regarded as relatively static. (BT60, 
pp. 3–4)

First, the decision for the topic is made based on the prior knowledge about ecosys-
tems in general. Second, BT60 refers to students’ conceptions but without any refer-
ence to literature or without having diagnosed particular students’ conceptions 
about ecosystems. Instead, this rationale rather appears more like an intuitive specu-
lation than a valid diagnosis. In the following, since a variety of students’ products 
is intended, the prerequisite for that is explained:

The classroom climate is positive and supportive. Problems and questions […] can be pre-
sented and discussed in a constructive manner. The students work in groups in a friendly, 
respectful […] way. (BT60, p. 3)

Based on that analysis, BT60 plans an instructional setting in which groups of stu-
dents have to arrange descriptions and pictures of ten plants in a certain order based 
on how students imagine the chronological order in which those plants colonized 
the Berlin Wall death strip. Up to three groups have to present their ideas, the stu-
dents then have to compare the different results and discuss their findings.

Afterwards, the students read informative texts about ecological succession of 
plants and compare the plants in early and late stages of this process. Based on this 
newly acquired knowledge, the students then get the opportunity to re-check their 
order systems from the beginning, change them if necessary and reflect on the cri-
teria they used when ordering. Two reasons are given for that procedure. First, BT60 
can diagnose whether the learning objective has been achieved, and second, the 
students themselves get some feedback on their ideas as well.

To summarize, BT60 has analyzed some aspects of his/her students’ understand-
ing in science and designed an instructional setting that is evidently based on stu-
dents’ initial conceptions. However, it should be noted that the setting (ten plants 
only) is rather strict so that the variety of students’ conceptions cannot be visual-
ized fully.

14.6  Discussion

This study aimed to identify which aspects of Students’ Understanding in Science 
as one component of ePCKp are considered by German trainee teachers in written 
biology lesson plans, and how far these analyses have been used to design the learn-
ing process, particularly focusing the consideration of students’ conceptions.
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14.6.1  Biology Teachers’ ePCKp [RQ 1]

The results show that trainee teachers rarely describe learning difficulties and stu-
dents’ conceptions. This could be explained by the fact that more long-term effort 
and in-depth analysis is needed to diagnose students’ thinking, to analyze a topic 
thoroughly and to find certain difficulties that would need to be considered in the 
instructional setting (Hammann & Asshoff, 2014). It is far more convenient to 
describe the knowledge gained in the previous lessons as well as general method-
ological and social aspects that could be referenced for each lesson in that class 
anyway. Hence, those aspects could be regarded as personal PCK (pPCK) ele-
ments, i.e.

…the “reservoir of knowledge and skills that the teacher can draw upon during the practice 
of teaching” (Carlson & Daehler, 2019, p. 85).

But the more specific assertions are part of the ePCKp (Alonzo et  al., 2019). 
However, it should be considered that trainee teachers might know about students’ 
conceptions in general (pPCK), but don’t recognize and acknowledge them in the 
enacted planning practice (ePCKp).

Moreover, about one third of the sample neglected to consider motivational 
aspects. This is surprising since sufficient motivation is considered crucial for stu-
dents’ learning (Hidi & Harackiewicz, 2000). This raises the question how trainee 
teachers perceive the task of writing a biology lesson plan. In most cases, they seem 
to be regarded as a bureaucratic proposition that has to be filled out tidily, rather 
than focusing on the aspects really needed to satisfy the unique needs of the particu-
lar group of students concerning the particular topic. Although it was not observed 
how the lesson plans were translated into teaching practice, we argue that this analy-
sis can contribute valid insights into biology teachers’ ePCKp since those lesson 
plans give a representative insight into the state-of-the-art lesson planning in this 
federal state. Since the lesson plans were not written under scientific guidance but 
in the course of formal examination, we could not control whether other persons 
(colleagues, friends etc.) have proofread and made contributions to those lesson 
plans. Therefore, we might have gained only partial insights into the ePCKp of indi-
vidual trainee teachers rather than into collective PCK (cPCK) within a community 
of experts (Carlson & Daehler, 2019).

14.6.2  Use of Students’ Conceptions in Instruction 
Planning [RQ 2]

Considering that those biology lesson plans have been produced in the course of the 
highest formal exam at the end of German teacher education (Neumann et  al., 
2017), it is remarkable that only 6 out of 107 trainee teachers referred to students’ 
conceptions at all. This supports other empirical findings concerning the 
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insensitivity of science teachers to students’ conceptions (Lin, 2016; Lucero et al., 
2017) and raises the question for further research regarding why biology teachers 
apparently do not see the necessity to include students’ thinking into their lesson 
planning processes. This is particularly striking since there is plenty of literature on 
students’ conceptions and how to elicit and use them within the framework of con-
ceptual change in instruction available in Germany (e.g. Hammann & Asshoff, 
2014; Kattmann, 2016). Moreover, in the few lesson plans that include students’ 
conceptions, neither types nor sources of students’ conceptions are analyzed in 
those lesson plans confirming the claimed insensitivity of science teachers to stu-
dents’ conceptions (Lin, 2016; van Driel et al., 2002).

The comparison of two lesson plans about ecosystem dynamics illustrates the 
difference between a closed scenario in which the emphasis is put on learning 
certain subject matter (case 1) on the one hand, and providing the opportunity for 
students to put forward their initial ideas and reflect on them after an instruc-
tional input (case 2) on the other hand. The first case is in line with Halim and 
Meerah (2002), since BT87 actually diagnosed his/her students’ ideas in advance 
but planned the lesson with more focus on the subject matter than on the stu-
dents’ thinking (Moodley & Gaigher, 2019). This corresponds to the second level 
in terms of Windschitl, Thompson and Braaten (2011). The second case can be 
understood as a partially responsive setting that uses formative assessment and a 
reflection phase on the learning process to some degree (Otero & Nathan, 2008). 
Unlike Walan et al.’s findings (2017), BT60 in case 2 explicitly referred to aspects 
of students’ understanding and used it for an instructional decision. This might 
correspond with the highest level of working with students’ ideas (Windschitl 
et  al., 2011). However, we regard this example as a rather superficial analysis 
lacking an in-depth view of conceptions (Morrison & Lederman, 2003) that 
would allow an instructional setting to be associated with conceptual change 
(Duit & Treagust, 2012). This does not occur in the whole sample. Yet, as 
Weingarten (2019) points out, the analysis of lesson plans written in the context 
of a formal exam must consider the possibility that the trainee teachers’ deci-
sions are at least somehow influenced by what the examiners desire in the sense 
of symbolic interactionism (Mead, 1934). Consequently, trainee teachers might 
tend to avoid any risks in their planning and rather prefer whole-class discussions 
or teacher-centered consolidation phases to convey the biological content.

Since there are only six lesson plans considering students’ conceptions in the 
complete sample, the scope of this study is limited. The selection of the two cases 
aimed to exemplify contrasting approaches in educational practices when working 
with students’ conceptions. Broader research is needed to further investigate biol-
ogy teachers’ challenges and needs when leveraging students’ conceptions for 
instruction on a larger sample of lesson plans that include students’ conceptions. 
Therefore, we plan to explicitly ask pre-service teachers and trainee teachers to plan 
a lesson and take students’ conceptions into account. By doing so, a much larger 
sample can be analyzed in a comparative case study.

L. Großmann and D. Krüger



191

14.7  Conclusion

In summary, this study reveals two major findings:

 1. Trainee biology teachers analyze student groups basically on a general level, i.e. 
by merely naming declarative prior knowledge, methodological knowledge or 
motivational and social aspects. In-depth learning difficulties and students’ con-
ceptions concerning the topics to be taught are mostly neglected.

 2. If in-depth aspects like students’ conceptions are considered, they are hardly 
explicitly used for planning instruction, but rather named as considerations of 
minor relevance.

Both are astonishing since the lesson plans were produced in the course of the 
highest final exam in German teacher education after 3 years of Bachelor’s study, 
2  years of Master’s study (both pre-service) and 1.5  years of in-service teacher 
training (Neumann et al., 2017). Hence, we might expect trainee teachers to show 
sophisticated and highly interconnected ePCKp. However, unlike constructivist 
learning theory and conceptual change theory suggest (Duit et al., 2012; Larkin, 
2012), trainee teachers at the end of their teacher training either do not even con-
sider students’ conceptions or struggle with designing instruction based on students’ 
conceptions. These findings are consistent with results from earlier studies (Lucero, 
2017; Morrison & Lederman, 2003; Moodley & Gaigher, 2019; Otero & 
Nathan, 2008).

It should be noted that in most lesson plans, trainee teachers used differentiated 
instruction and obviously tried to include their analysis of their students’ needs into 
the instructional design, e.g. by providing bonus tasks for high performing students 
or further help for low performing students (Hardy et  al., 2019). Hence, trainee 
teachers do take their students’ abilities and needs into account, but they fail to fun-
damentally design instructional processes based on their students’ conceptions.

The present study demonstrates that prospective biology teachers need more sup-
port in eliciting students’ conceptions in an appropriate manner and using them 
explicitly in the process of designing instruction. Teacher training programmes need 
to actively and repeatedly emphasize the importance of students’ conceptions in 
biology classes. Pre-service teachers and trainee teachers need help to bridge the 
gap between theoretical assertions (e.g. conceptual change theory; Duit et al., 2012) 
as part of their PCK and practical strategies to elicit and use students’ conceptions 
in planning and teaching biology.
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Chapter 15
Students’ Opinions About Interdisciplinary 
Lessons

Annkathrin Wenzel and Norbert Grotjohann

15.1  Introduction

Scientifically educated citizens are able to make informed decisions about their 
health and wellbeing. Moreover, in order to find solutions to the complex problems 
of our time, it is necessary that all people, not only scientists, deal with science- 
related dilemmas (OECD, 2018). To support the development of scientific compe-
tences is the aim and purpose of science education (Oliver et al., 2019). In addition, 
it is becoming increasingly important to promote a positive attitude towards science, 
as this knowledge has an economic benefit (Osborne et al., 2003).

For this reason, interest in the natural sciences should be supported (Oliver et al., 
2019). Nevertheless, students’ interest in the natural sciences steadily declines dur-
ing their time at school. This reduction in interest basically affects all school sub-
jects, even biology is affected (Berck & Graf, 2018; Killermann et  al., 2018; 
Ruppert, 2015). In biology, the decline in interest is particularly significant among 
young men, while young women tend to become less interested in the other natural 
sciences (Ruppert, 2015). About 40 percent of all fifteen-year-old students generally 
experience only little or no enthusiasm for scientific themes (Schiepe-Tiska et al., 
2016). At the moment, fewer and fewer students are choosing to study natural sci-
ences or other STEM subjects (Osborne et al., 2003; Statistisches Bundesamt, 2020).

Interdisciplinary course offerings could be a good way to deal with relevant 
problems (Huber, 1998; Labudde, 2014; Moegling, 2010) and prevent a decline in 
interest. Thus, there is increasing demand for interdisciplinary course offerings and 
lessons within school systems (Duncker & Popp, 1998; Krause, 2015). Since Huber 
(1998) has been explicitly calling for interdisciplinary instruction at the secondary 
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school level, but it is still not prevalent (Caviola et al., 2011). Interdisciplinary pro-
grammes are of course not new and not only being developed in Germany or 
German-speaking countries. For example, Walker (2017) outlines some of the suc-
cesses and challenges relating to integrated STEM learning experiences in K-12 
education in the United States over the past twenty years.

15.2  Theoretical Background

15.2.1  Interdisciplinary Instruction

In research and school practice, the term “interdisciplinary instruction” is defined 
and used very differently as a general term (Labudde et al., 2005). Interdisciplinary 
instruction is a general term for different types of teaching that goes beyond the bar-
riers of a single subject to connect two or more different subjects.

There are various forms of interdisciplinary instruction. According to Huber 
(1994), these should be considered from two different perspectives: from the subject 
level as well as from the lesson-schedule level. This was reaffirmed by Labudde 
(2003, 2014). In terms of the content, a difference can be made between three forms 
of interdisciplinary instruction: intradisciplinary teaching, multidisciplinary teach-
ing, and interdisciplinary teaching.

In intradisciplinary teaching, a connection is established between a subject and 
one or more other subjects, for example, through overlapping topics or practice- 
oriented examples. This is the simplest form of interdisciplinary instruction. The 
term “intradisciplinary” is used because it comes from a single subject that makes 
small connections to other subjects.

Multidisciplinary teaching deals with one topic in different subjects at the same 
time. The teachers should have some knowledge of the content of the other subjects. 
Therefore, they should coordinate and adapt the contents if necessary.

For interdisciplinary teaching, the focus should be on a question or a problem, 
and various disciplines should be involved in answering it. The involved teachers 
should coordinate intensively with each other (Huber, 1995; Labudde, 2003, 2014).

This can be supplemented at the lesson-schedule level by modifying the selection 
of subjects. The first possibility is to create another course offering in addition to the 
individual disciplines. This includes forming clubs or conducting project weeks.

In contrast to this, integrated teaching is another possibility. The individual sub-
jects are combined into a single subject. One example of this would be the school 
subject Sachkunde in elementary schools in Germany, which includes biology, 
physics, chemistry, geography, and history. Another example is the school subject 
science in German comprehensive schools, which comprises biology, physics, and 
chemistry (Huber, 1995; Labudde, 2014). Often it is not possible to clearly separate 
the various forms of interdisciplinary instruction from one another as there are flow-
ing boundaries.
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15.2.2  Opportunities and Advantages 
of Introducing Interdisciplinarity

Interdisciplinary programmes offer many advantages and opportunities. They par-
ticularly promote holistic, problem-oriented, and reflective learning (Huber, 1995). 
In addition, higher thinking skills can be developed (Jones, 2010). Students can:

…see relationships among content areas and understand principles that cross curricular 
lines [...] and to look at situations from various viewpoints” (Duerr, 2008, p. 177).

This gives hope for a future with many discoveries and innovations (Jones, 2010).
Klafki (1998) points out the importance of addressing the key problems facing 

mankind and therefore supports interdisciplinary instruction. Only in this way can 
the world's major and complex problems be addressed intelligently through holistic 
approaches (Woods, 2007). Furthermore, interdisciplinary instruction solidly pre-
pares students to participate in social life (Duncker & Popp, 1998). This is sup-
ported by the fact that interdisciplinary course offerings, especially in academic 
secondary schools, promote academic competences, such as clarifying the ways of 
thinking and working as well as the limits of the subject (Huber, 1998).

Today, modern work structures increasingly require multi-professional team-
work in which work is done on an interdisciplinary basis (Woods, 2007). 
Interdisciplinary course offerings allow students to develop interdisciplinary com-
petences (Labudde, 2003) and to improve their communication skills (Jones, 2010). 
Moreover, such course offerings can be used to learn how to obtain information in 
the ICT (Information and Communication Technologies) Age.

Furthermore, the PISA and TIMSS results show that German students do not 
perform well enough in applying and transferring mathematical and scientific 
knowledge to new situations. This can be trained by interdisciplinary teaching 
(Labudde, 2003). Through contextual references and real-life problems, teaching 
can also be designed in such a way that it appeals to more students and is more 
gender balanced (Labudde, 2014). Because students construct new knowledge 
through context and the connection to different prior knowledge, constructivist 
learning theory is also applicable. Although the project method is often suitable for 
interdisciplinary teaching and can thus be learned (Labudde, 2003), interdisciplin-
ary learning must not always be reduced to the project method.

Another argument for interdisciplinary education is that it raises learners' interest 
in science education and in science in general. There are various reasons for this. 
For example, interdisciplinary teaching content is often more interesting for many 
students than subject-specific content alone. Or the students can be motivated by 
questions, phenomena, and contexts even though they are not interested in the actual 
subject (Labudde, 2014).

For some disciplines, the interdisciplinary approach is said to not only be preferred but 
needed. (Jones, 2010, p. 78)

Of course, interdisciplinary course offerings also have disadvantages. For example, 
developing the project or lessons is very time intensive and often requires intensive 
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teamwork. At the same time, there can also be confusion due to the combination of 
subjects (Jones, 2010). This study describes an example of an interdisciplinary proj-
ect week designed for students who are already interested in science.

15.3  The Study

15.3.1  Research Approach

In the past few years, there have been various empirical studies on interdisciplinary 
course offerings, for example, Buse (2017) and Rodenhauser (2016), who were 
researching at a pupil laboratory, or Klos (2008) and Åström (2008), who compared 
integrated teaching with normal lessons. However, the studies mainly deal with the 
effects of interdisciplinary interventions and consider, for example, the increase in 
knowledge or interest. But to our knowledge, no study has examined the ideas and 
opinions of students about interdisciplinary course offerings and school lessons. For 
this reason, we developed a study on the following research questions within the 
context of an interdisciplinary project week:

 1. How do students define interdisciplinary teaching? Can the different forms of 
interdisciplinary teaching, as described by Labudde (2014), be found in the stu-
dents’ answers?

 2. How do they perceive interdisciplinary teaching compared to “normal” teaching?
 3. Why did the students register for an interdisciplinary project week? What advan-

tages and disadvantages do they see?

15.3.2  The Systems Biology Project Week

The study was conducted during a project week, which is described below.
The Systems Biology project week is oriented towards secondary school stu-

dents who are interested in biology and mathematics. Over the course of the week, 
they work in an interdisciplinary manner, experiencing the connection between the 
different natural sciences (Joachim Herz Stiftung, 2016). This is particularly impor-
tant because systems biology is a key technology that is representative of the STEM 
subjects (science, technology, engineering, and mathematics). Young scientists can 
improve their interdisciplinary thinking within the context of systems biology 
(Wanka, 2015). Although systems biology already has many fields of application, it 
is a young research discipline in which Germany now has an internationally leading 
position. Various programmes now exist to inspire and support more young people 
in this area (BMBF, 2018). The combination of biology and mathematics seems 
especially useful because mathematics is a useful tool in the life sciences (Keller, 
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2011). But mathematics is not only a tool: a basic mathematical education is essen-
tial in the education of responsible citizens and qualified specialists, serving as a 
foundation of learning ability across all subjects (Loos & Ziegler, 2015). In 
Germany, there are some mathematics components in all degree programmes.

The Systems Biology project week deals with the lac operon. Various biological 
experiments are carried out using the bacterium Escherichia coli. These include a 
growth experiment with the use of different sugars as a carbon source. In addition to 
that, a quantitative and a qualitative enzyme test as well as an investigation of the 
promoter activity with green fluorescent protein are performed. Finally, different 
parameters are calculated based on the experimentally determined data and com-
pared with the literature. The students carry out calculations independently with the 
help of instructions. Furthermore, students perform simulations with the modelling 
and simulation software CellDesigner.

The project week comprises additional programme items, such as specialist talks 
and guided tours. Through this varied programme, participants should be able to 
repeat, expand, deepen, and apply their existing knowledge from school. Students 
are also provided the opportunity to get in contact with scientists and academics and 
to get information about work and research. A detailed programme and presentation 
of the contents can be found in Wenzel and Grotjohann (2019).

15.4  Materials & Methods

This study evaluates the transcribed interviews, which is qualitative data. The semi- 
structured interviews were carried out during the project week described above. 
They dealt with interdisciplinary course offerings and the opinions of the partici-
pants. A total of 19 students (female: 47.4%, male: 52.6%; MAge  =  16.5  years, 
SDAge = 1.1) were interviewed. They were interested students who voluntarily took 
part in a project week during their holidays. All were upper secondary school stu-
dents and lived in the area near the student laboratory. The interviews were con-
ducted by two researchers in biology didactics, who used an interview guide as a 
basis for their work. The guide contained questions about the project week, the 
subject combination, biology, and mathematics, all of which were related to school 
lessons. The interview started by requesting the students to “tell me why you signed 
up for the project week”. Afterwards, the interdisciplinary aspect of the project 
week was discussed in detail. The students were asked to define the term “interdis-
ciplinary” (“What do you think of when you hear the term interdisciplinary teach-
ing?”). After that, they were asked for examples from school and whether they saw 
advantages and disadvantages in interdisciplinary teaching. In addition, they were 
asked about their normal maths and biology lessons for comparison. At the end of 
the interview, they were asked to name any other aspects they could think of (“Is 
there anything else you would like to add?”).
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The method of the guided interview was chosen because although there is a 
rough structure for the interview, there is still free space in the interview process. 
Thus, the questions can be adapted or modified according to the situation. However, 
standardisation is achieved by structuring the content of the topics (Döring & Bortz, 
2016; Kruse, 2014).

The interviews were evaluated by content analysis. According to Mayring (2015), 
communication that is fixed in content analyses is examined systematically, rule 
guided, and theory driven. The goal is to draw conclusions regarding selected 
aspects or questions. According to Kuckartz (2016), qualitative content analysis is 
an interpretative form of evaluation that is linked to a human ability to understand 
and interpret. For the present material, the content-structuring qualitative content 
analysis according to Kuckartz (2016) was used.

For this purpose, all process steps were run through and supplemented by itera-
tion and feedback steps. The formation of categories was largely inductive, that is, 
statements that could be assigned to the questions were grouped according to con-
tent. A codebook was created for the fixation, which, according to Kuckartz (2016, 
pp. 29–55), contains the description of the content and the application of the cate-
gory as well as corresponding anchor examples and special comments.

To check the quality, the intercoder reliability between the first and the second 
coder was determined. The second coder coded approximately 35% of the text 
material based on the codebook. According to Döring and Bortz (2016, p. 558) at 
least 10–20% of the data material should be coded by two coders. Cohen’s kappa 
was determined as the reliability coefficient. It was 0.76 and can be classified as 
“substantive” according to Landis and Koch (1977). The entire analysis was carried 
out using the MAXQDA 2020 software.

To illustrate the results, anchor examples were translated into English. This pro-
cedure does not represent a falsification of the material.

15.5  Results

All 19 interviews were included in the data analysis. A total of 208 statements 
were coded. Five categories were identified for the first research question with a 
total of 26 statements. The number of mentions in each category can be seen in 
Table 15.1.

There were also five categories found in the benefits (see Table  15.2), where 
there was a total of 52 statements. Some disadvantages were also mentioned (10 
statements).

In addition to the advantages, the students gave a variety of reasons for attending 
the project week (97 statements). These can be seen in Table 15.3.

In addition, there are 23 statements that are important in this context but could 
not be assigned to any of the categories. These will be included in the discussion.
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Table 15.1 Five definitions of interdisciplinary teaching (given by students)

Subcategory Anchor example
Number of 
mentions

Subject level
Intradisciplinary 
teaching

“Somehow one subject area from the other areas just gets 
mixed in with another.”

7

Multidisciplinary 
teaching

“Topics are covered in different lessons, and they can be 
somehow be linked together.”

9

Interdisciplinary 
teaching

“This means projects that don’t just have a single subject but 
rather focus on the project itself. Then it is just a mixture of 
different disciplines. There is something about everything.”

3

Lesson-schedule level
Supplementary 
teaching

“project courses” 5

Integrated teaching “science teaching” 2

Table 15.2 Students’ views on the advantages and disadvantages of interdisciplinary teaching

Subcategory Anchor example
Number of 
mentions

Advantages
Connections “One can see more connections” 20
More effective/better 
understanding

“It is much more effective”
“Facts and circumstances are easier to understand”

13

Improve knowledge “To gain more expertise and broaden one’s knowledge” 8
Interest/motivation “I think teaching that way definitely increases a 

student’s motivation even more”
7

Relevance to everyday 
life

“That one can establish the relevance to everyday life” 4

Disadvantages
Missing competences “If you are not so good in one subject, then of course 

you will not do so well in the interdisciplinary subjects”
6

Ignoring fundamental 
knowledge

“Fundamental knowledge is perhaps not taught so well” 4

Table 15.3 Students’ reasons for registering on the interdisciplinary project week

Subcategory Anchor example
Number of 
mentions

Interest “Because I am definitely interested in maths” 23
Benefits in the school “I believe that this will also help at school” 18
Career orientation “I can (...) imagine something like this in my future” 16
Practical work “Work in a laboratory” 12
fun “I also think it's a lot of fun” 8
Training for A-levels “It helps me prepare for maths lessons as well as for 

the final secondary school examinations.”
8

Identify applications “But one also learns how one can apply the 
knowledge”

8

Subject combination “I think this combination is quite interesting” 4
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15.6  Discussion

In the interviews, the students described what they understood by interdisciplinary 
teaching and what advantages and disadvantages they saw in such a course offering. 
First of all, it was apparent from the interviews that all students have an idea of 
interdisciplinary instruction or other course offerings. However, they do not make a 
conscious distinction between the different forms. Moreover, different elements of 
the individual gradations can be found.

Statements such as “I now imagine that there is a connection between the sub-
jects. For example, if you need a certain calculation or something in biology”, or 
“Somehow one subject area from the other areas just gets mixed in with another” 
show that there is a small overlap between subjects. These students know or describe 
intradisciplinary teaching. More statements are made about multidisciplinary teach-
ing. Here students describe dealing with the same topic in different subjects. “That 
we connect two subjects, for example, and then cover certain topics in both sub-
jects”, or “Topics are covered in different lessons, and they can be somehow be 
linked together”.

Relatively little attention is focused on interdisciplinary teaching. For example, 
“This means projects that don’t just have a single subject but rather focus on the 
project itself. Then it is just a mixture of different disciplines. There is something 
about everything”. Here the common question or the corresponding context is also 
dealt with; e.g. “Keep it mostly related to a context”.

The students can cite many examples from their own experience for the supple-
mentary teaching of subjects. For example, “project courses”, the “differentiation 
course in biochemistry”, or the supplementary subject “natural sciences”. In this 
supplementary subject “Math, biochemistry, chemistry, and physics are taught 
together”. This means that these subjects make a contribution, but it is a supplement 
to the single subjects. In contrast, for integrated teaching, there was only the exam-
ple of “science teaching” in secondary school. This includes biology, physics and 
chemistry and is a regular part of the schedule.

In summary, all three forms of interdisciplinary instruction according to Labudde 
(2014) were mentioned by the students. Based on the frequency of the correspond-
ing statements, intra- and multidisciplinary teaching are most frequent at the subject 
level and supplementary teaching at the lesson-schedule level (see Table 15.1).

The students stated a variety of advantages (see Table 15.2) that they see in the 
combination of subjects. Regardless of how they defined it beforehand. Thus, they 
find the combination “much more interesting” than normal lessons, which “often 
seem quite dry”. Also “I think teaching that way definitely increases a student’s 
motivation even more”. Labudde (2014) already points this out (see Sect. 15.2.2). In 
addition, almost all of them say that they can better recognise “what the connection 
is” and “you can really implement this on something”.

Moreover, they perceive it as “much more effective” since “Facts and circum-
stances are easier to understand”. “For example, I have not learned a formula by 
heart now, but I now have really understood what it says, what this formula actu-
ally means”.
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Another “advantage is that if you can do both well, you can expand your knowl-
edge and go much deeper into these areas of information”. “That one can establish 
the relevance to everyday life” is also often positively highlighted. These statements 
underline the advantages of networking content but also the advantages of interdis-
ciplinary competences and science propaedeutics, as formulated by Labudde (2014) 
and Huber (1998).

One student voiced the view of several by saying “I would like to see more inter-
disciplinary lessons in schools or, alternatively, school clubs in the afternoon or 
other course offerings from schools”. This means that they would like to see more 
lessons combining subjects but also free course offerings through project weeks or 
something similar.

However, they raise some limited concerns that some of the subject matter would 
be dropped compared to their normal teaching. “Fundamental knowledge is perhaps 
not taught so well”. Uncertainties also become clear in relation to their own compe-
tences, “If you are not so good in one subject, then of course you will not do so well 
in the interdisciplinary subjects”.

For this reason, a project week combining different subjects could be a good 
opportunity to complement the school. In the project week, the connection between 
subjects is emphasised very positively, as “that simply belongs together”. The 
explicit combination of biology and mathematics was also positively highlighted 
here, “I think this combination is quite interesting”. However, many of the reasons 
for registering for the project week have nothing to do with the subject combination 
(see Table 15.3). Students reported that they were very interested in one subject: 
“because I am simply very interested in biology” or “because I am definitely inter-
ested in maths”. Most of the statements, however, were related to their interest in 
biology, which was enough reason to register. In addition to their own interests, 
career guidance also had an influence on their registration. “I can (...) imagine 
something like this in my future. I wanted to have a closer look”. Many of the par-
ticipants can imagine working in the STEM fields, and they want to use the project 
week “to gain experience”.

Importance is attached to practical and laboratory work. The interviewed stu-
dents wanted to know “what it is like to work in a laboratory” and to be able to “gain 
practical experience”, as this is often not possible in schools. According to Frey 
(2010), practical work is often part of project work or project teaching, which in 
turn often contains interdisciplinary aspects.

The students also hope that they will be able to apply the contents of the course 
at school: “I believe that this will also help at school”. In particular, the preparation 
and the repetition for the central school examination is discussed: “I had to repeat 
something like that anyway” or “It helps me prepare for maths lessons as well as for 
the final secondary school examinations”. This wish necessitates links to the corre-
sponding curricula.

Overall, when evaluating the results, we must consider that these are highly 
interested and possibly talented students. Their motives for participating and their 
general attitudes towards project weeks may differ from those of other students. The 
same applies to the awareness of advantages and disadvantages of interdisciplinary 
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course offerings. It should be noted that the students became more and more talk-
ative over the course of the interview. This could explain the continuum in the num-
ber of statements during the interview. Moreover, this is a study with a very specific 
question. Next time, the research field should be further examined. Although Becker 
and Park (2011) were able to show that interdisciplinary connection between the 
STEM subjects has a positive effect on learning, other subjects should not be 
excluded in this context. Through the current study design, this could be the case.

15.7  Conclusion and Outlook

Our results indicate that all students have an idea of interdisciplinary instruction. All 
statements made can be classified as a sub-form according to Labudde (2003, 2014). 
However, the students are not aware of the different forms. In their view, there are 
also many different advantages to be gained from interdisciplinary instruction or 
course offerings. These are the same as those found in literature. Therefore, it is not 
surprising that they would like to see more such course offerings, even though, at 
the moment, they are rarely implemented in German schools. These two statements 
could be further confirmed by a quantitative questionnaire survey. This raises the 
question of why interdisciplinary lessons or courses at school do not take up more 
space in the lesson schedule. For a deeper insight into the topic, the next step could 
be to interview teachers about interdisciplinary course offerings. In this way, struc-
tures and help could be provided to support more interdisciplinary teaching in 
schools. As a further step, the actual effectiveness of interdisciplinary teaching 
should be evaluated.
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Chapter 16
Correlation Between the Popularity 
and Difficulty of Secondary School Biology 
and Perceived Importance of Knowledge 
Acquired for Personal Wellbeing

Vida Lang and Andrej Šorgo

16.1  Introduction

Today, one cannot read a newspaper without being aware of the central importance 
of biology in people’s lives. Whether it is understanding new developments in medi-
cine or contributing to local environmental decisions, everyone needs a basic under-
standing of key biological concepts, and we should all value science as a special 
way of understanding the world, which should be reflected in biology education. 
Students are motivated to learn biology for a variety of reasons. Knowledge of biol-
ogy increases their level of general education; they use the knowledge they acquire 
in their daily lives and in a variety of careers.

Globally, we observe a declining interest in STEM-oriented studies and lifelong 
careers in STEM-oriented fields (Glynn et al., 2009; Xie & Achen, 2009; Simon 
et al., 2015; Wiebe et al., 2018), including careers in biotechnology and agriculture 
(Šorgo & Špernjak, 2020). The importance of the advancement of basic scientific 
knowledge in the field of biology has not only led to an upgrading of explanations 
of objects and processes in the living world and its environment, but has also signifi-
cantly impacted our personal and social life and careers (Bell et al., 2009; Šorgo & 
Špernjak, 2020; Šorgo et al., 2018; Tai et al., 2006). Therefore, in the future, we can 
expect even greater importance of general biological education for making informed 
personal, professional, and social decisions. It is reasonable to hypothesize that 
what is taught in school biology will have an impact on personal wellbeing and 
careers later in life. As proof of concept, we have recently seen the importance of 
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knowledge of microbiology on protective behaviour during the outbreak of 
COVID-19. Therefore, the role of biology education does not end with making the 
school subject of biology self-sufficient and empowering, but can also influence 
everyday and career decisions.

Attitudes (Jidesjö, 2008; Usak et al., 2009) and motivation are considered to be 
important factors influencing not only outcomes and achievement in biology educa-
tion (Koballa Jr. & Glynn, 2013), but also decisions about future study and career 
choices (Šorgo & Špernjak, 2020; Šorgo et  al., 2018). Among many intrinsic, 
extrinsic, and motivational constructs (Ryan & Deci, 2000), the most important is 
content-based goal motivation (Nenniger, 1987). Research shows (Prokop et  al. 
2007a; Prokop et al. 2007b) that adolescents are not equally interested in all biologi-
cal topics. Motivation is moderated by an almost unlimited number of factors, 
including the importance, difficulty, and popularity of the subject Biology consid-
ered in this study.

Relations between the perceived importance, difficulty, and popularity of 
Biology and its various biological topics are poorly studied. Prokop et al. (2007b) 
found that almost half of students considered Biology as important and agreed 
that they need biology knowledge. Biology is regularly considered the most popu-
lar subject among STEM subjects, where girls prefer Biology and boys are more 
attracted to Physics (Baram-Tsabari & Yarden, 2008; Prokop et al. 2007a). Temelli 
and Kurt (2013) investigated various factors that might influence students’ atti-
tudes towards STEM subjects. Uitto (2014) analysed students’ interests and 
beliefs about their abilities and how these are related to their attitudes towards 
school science subjects. Incantalupo, Treagust, and Koul (2014) analysed the 
impact of technology on students’ attitudes towards science subjects. In Slovenia, 
several bachelor’s and master’s theses showed that Biology is the most popular 
science subject, compared to Physics and Chemistry. In her MA work, Kotnik 
(2016) found that students consider biology knowledge to be important because 
there are living things everywhere around us. Students showed the lowest level of 
agreement for the statement that Biology knowledge is important for understand-
ing other school subjects. Research (Jidesjö, 2008; Usak et al., 2009) shows that 
adolescents are interested in science and biology, and they are more interested in 
topics about animals, health problems, nutrition, and medicines. Boys are more 
interested in topics about evolution, cloning of animals, space, earth science and 
sports, while girls have more preferences for human biology and general biology 
(Dawson, 2000). Zoology has been found to be of most interest to both genders 
(Prokop et al., 2007b). According to Oscarsson et al. (2009), extracurricular expe-
riences, experimental work, field trips, and reading science journals are signifi-
cantly influenced by maintaining interest in biological content. However, the 
relationship between popularity and different aspects of importance has not yet 
been investigated. Therefore, we decided to investigate the potential correlation 
between the importance and popularity of Biology, and the potential correlation 
between the importance and difficulty of Biology.
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16.2  Research Design and Method

16.2.1  Aims and Scope of the Research

The main aim of the study was to provide empirical evidence that would enable us 
to initiate a debate on the position and necessary changes in Slovenian secondary 
school Biology teaching in relation to the importance, popularity, and difficulty of 
the subject. In addition, we wanted to determine the relative position of Biology 
among other school subjects.

The research questions were as follows:

 1. How important are different dimensions of biology as perceived by upper sec-
ondary school students?

 2. How popular is the subject of Biology in relation to other school subjects?
 3. How difficult is the subject of Biology in relation to other school subjects?
 4. Is there a correlation between perceived importance, popularity, and difficulty of 

the subject of Biology?
 5. Are there any gender differences in the recognition of the importance, popularity 

and difficulty of Biology as a subject?

16.2.2  Research Methods

16.2.2.1  Data Collection and Instruments

An online survey in the form of a questionnaire was designed on the Slovenian open 
survey system 1KA (Enklik, 2017). The link, accompanied by a short flyer with a 
brief description of the research objectives and the survey instrument, was sent to 
the email addresses of 92 high school Biology teachers. It was also posted on teacher 
forums and online social networks. Participation in the survey was voluntary and 
complete anonymity was guaranteed. Teachers decided for themselves whether 
their students would participate in the survey. Our goal was to collect at least 500 
complete surveys.

The limitations of such a research design are well known and well documented 
(Lefever et al., 2007). The main limitations are that respondents are self-selecting 
and, in our case, may include a higher number of them who are interested in biol-
ogy, which may lead to biased results.

The online questionnaire questions contained subscales. The first part consisted 
of 10 items that assessed different aspects of the importance of biology (Table 16.1). 
In the second part of the questionnaire, students rated school subjects in terms of 
popularity and difficulty (Table 16.2), and demographic data were collected in the 
third part.
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16.2.2.2  Participants

The sample consisted of 598 students (72% girls and 28% boys) from several 
Slovenian upper secondary schools, who participated anonymously. 94% of the 
respondents were from general secondary schools and 6% of the respondents were 
from vocational secondary schools. Students from all four upper secondary grades 
participated in the survey (23% from 1st year, 38% from 2nd year, 27% from 3rd 

Table 16.1 Measures of central tendencies for responses to the question “Why is knowledge of 
biology important?” and correlations of importance with popularity (r1) and difficulty (r2). The 
response format was a 7-point Likert scale (1 – completely unimportant; 7 – very important)

# Claim M SD Me Mo PC r1 r2

1 Because of my knowledge of biology, I am more 
generally broad-minded,

5.54 1.37 6 6 .80 .45 .07

2 I know more about nature and living things, 5.45 1.29 6 6 .78 .36 .13
3 I know more about the structure and functioning of 

living things,
5.43 1.36 6 6 .75 .31 .16

4 I have a better understanding of sciences such as 
genetics, medicine and biotechnology,

5.38 1.50 6 6 .75 .36 .07

5 I know more about human anatomy and physiology, 5.35 1.51 6 6 .73 .34 .09
6 It helps me understand everyday processes in the 

environment,
5.34 1.35 5 5 .82 .39 .09

7 I can use biology knowledge to protect nature, 5.17 1.46 5 5 .75 .33 .05
8 Knowledge of biology is important for me to 

understand modern scientific discoveries.
4.74 1.59 5 5 .77 .37 .14

9 It helps me to live in a healthy way, 4.62 1.49 5 5 .69 .32 .09
10 Knowledge of biology helps me to solve everyday 

problems.
4.03 1.69 4 4 .69 .33 .12

Note: M arithmetic mean, SD standard deviation, Me median, Mo mode, PC principal component, 
r1 correlation between importance and popularity (BIO), r2 correlation between importance and 
difficulty (BIO)

Table 16.2 Measures of tendencies in the popularity and difficulty of school subjects and 
correlations between them. The scales were from 1 (most popular/difficult) to 10 (least popular/
difficult)

Popularity Difficulty
School subject M SD Mo Me M SD Mo Me r d

Biology 4.45 2.83 1 4 4.61 2.36 4 4 −.16 0.06
History 4.85 2.90 1 5 6.31 2.83 10 7 −.28 0.51
Geography 5.09 2.67 1 5 6.12 2.40 5 6 −.23 0.41
Chemistry 5.42 2.73 7 5 4.95 2.46 3 5 −.21 −0.18
Slovene 5.44 2.68 6 6 5.06 2.66 4 5 −.33 −0.14
Mathematics 5.68 3.02 9 6 3.52 2.73 1 2 −.33 −0.75
Physics 6.71 2.94 10 7.5 3.45 2.69 1 2 −.27 −1.12

Note: M arithmetic mean, SD standard deviation, Me median, Mo mode, r correlation between 
popularity and difficulty; d Cohen’s d calculated from means and SD’s of popularity and difficulty
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year, and 12% from 4th year). 31.2% of respondents answered that they will most 
probably choose to study in the field of natural sciences, 24.6% of students will 
study social sciences, and the remaining 44.2% have not yet decided or did not 
answer the question.

16.2.2.3  Data Analysis

 (a) The scale of importance of biology. We asked students why they considered 
biology knowledge important in different contexts (Table 16.1). The response 
format was a 7-point Likert scale (1 – completely unimportant; 7 – very impor-
tant). Cronbach's alpha of the instrument was 0.92. Means, standard deviations, 
modes, and medians are reported. The adequacy of the data to perform Principal 
Component Analysis (PCA) was assessed using KMO (0.92) (Barlett’s 
test = 3331.626, df = 45, p <0.001). PCA revealed unidimensionality of the 
instrument, and a component explaining 57.5% of the variance was extracted.

 (b) Popularity and difficulty of Biology scales. To assess the popularity of Biology 
as a subject, students were instructed to assign a number to each of the ten sub-
jects listed, ranking them on a scale from most popular (1) to least popular (10), 
and similarly, they rated the difficulty of the subjects on the scale from most 
difficult (1) to the least difficult (10).

Spearman's rank correlation test was used to calculate the correlations between 
importance, popularity, and difficulty. Subjects such as Philosophy, Sociology, and 
Psychology were later excluded from the analyses because they did not appear in 
the curricula until later school years and some participants were not able to rate 
them due to their experiences. Gender differences were calculated using the Mann- 
Whitney test. All statistics were performed using SPSS 24.

16.3  Findings

The results of the importance of biology knowledge (Table 16.1), popularity, and 
difficulty level of Biology as a subject (Table 16.2) are presented in the tables with 
comments.

It can be seen from Table 16.1 that at the top of the importance list are statements 
that relate to knowledge, which shows that school Biology is not seen as something 
that gives one practical and usable knowledge. An overview of the students’ state-
ments shows that students are aware of the importance of biology knowledge, both 
for the comprehensive overview and for understanding the different processes of 
living things and the environment; but they do not find it useful. Nevertheless, the 
majority of the statements are on the positive side.

The results show a weak to moderate correlation between the importance of biol-
ogy knowledge and the popularity of Biology as a school subject, and an almost 
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non-existent correlation with the difficulty of Biology as a school subject. No statis-
tically significant gender differences were detected (Table 16.1).

Among the seven subjects listed, students ranked Biology as the most popular 
subject (Table 16.2), with Physics at the bottom of the list and Chemistry in the 
middle. On a scale of 1 (most popular) to 10 (least popular), 18.2% of the students 
surveyed ranked Biology as the most popular subject in secondary school, 13.1% of 
the students ranked it as the second most popular subject, 10.7% ranked it as the 
third most popular subject, and only 5.1% of students ranked Biology last in terms 
of popularity.

On a scale of 1 (most difficult) to 10 (least difficult), 7.4% of the students sur-
veyed ranked Biology as the most difficult subject in secondary school, and 4.2% of 
the students ranked it as the least difficult subject. The subjects with the highest 
level of difficulty include Physics, Mathematics, Biology, Chemistry, and Slovene. 
Students ranked Biology as both a popular and difficult subject at school.

When examining the correlation between the popularity of a subject and its per-
ceived difficulty, it can be seen (Table 16.2) that all correlations are negative and lie 
in small or medium ranges. The differences presented as effect size are in ranges 
from insignificant (e.g. Biology) to large (e.g. Physics), which means that Biology, 
as the most popular subject, is balanced with its difficulty. History and Geography 
are more likely to be perceived as popular than difficult, while from Chemistry 
onwards difficulty is an indicator of unpopularity, with the extreme of Physics being 
perceived as the most difficult of all subjects and the least popular. No statistically 
significant differences were found by gender.

16.4  Conclusions

Looking at the importance of the different dimensions of biology as perceived by 
upper secondary school students in our study we can conclude that the students 
regard Biology as an important discipline. However, they rate the importance of 
biology more as an academic discipline rather than something that can help some-
one lead a healthy life or solve everyday problems. Similar conclusions were also 
reached by Prokop et al. (2007a), who found that Slovak students do not apply biol-
ogy knowledge in their everyday life. According to Prokop et al. (2007a), a large 
proportion of students in Slovakia believe that biology knowledge is an important 
asset for their profession (career), but they least agree with the idea that biology 
knowledge helps them solve everyday problems. The probable solution to this is not 
to encourage them to feel they are generally more broadly positioned and know 
more about nature and living things, but to incorporate strategies that help them 
realise its value in solving everyday problems.

We can conclude that science should not be considered a monolithic discipline, 
so the question of popularity and difficulty – of various aspects of science – is justi-
fied only when someone examines Science as a single school subject.
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Because the subject Biology is together with History and Geography very popu-
lar, these other two subjects are its main competitors. Biology is far ahead of 
Chemistry, Mathematics, and Physics, therefore we suggest that subjects include 
topics that allow interdisciplinarity and knowledge transfer between them (Šorgo, 
2010). Popularity can arise from interest. For example, Krapp et al. (1992) found 
that interest in STEM professions is not based on achievement, but on curiosity and 
enjoyment in learning a particular subject or field. This curiosity and enjoyment are 
seen as a person focusing more on certain areas, followed by an inclination to seek 
out and participate in activities in the future (Hidi & Renninger, 2006). In order to 
increase interest, popularity, and awareness of the importance of biology knowledge 
in life and in general, it is important not to limit Biology to school, but to put more 
emphasis on students' experiences outside school, in nature, and involve them in 
non-formal education (Uitto et al., 2006). It seems that the advantages of non- formal 
science education can help overcome the disadvantages of formal science education 
and vice versa. Therefore, the collaboration between school time and learning envi-
ronments outside the classroom can open up promising possibilities for the future of 
STEM education (Dabney et al., 2012).

Biology ranks third in place on the difficulty scale, behind Physics and 
Mathematics and ahead of Chemistry. The perceived difficulty of a school subject 
seems to have a strong influence on its popularity – the extreme example being the 
subject of Physics. However, our research shows that Biology is perceived by stu-
dents as a balanced subject, i.e. equally popular and difficult. From this, we can 
conclude that it may not be fair to blame all science disciplines (in our case Biology) 
for the general unpopularity of the STEM professions. It can be regarded as a weak 
negative predictor of importance and moderate predictor of popularity, which raises 
the question of whether we would prefer to find a subject popular or important if we 
reduce its difficulty. Left unanswered is the question of whether reducing difficulty 
would keep Biology at the same level of importance.

We did not find any gender differences in perceptions of the importance, popu-
larity, and difficulty of Biology as a subject, Which contrasts with findings that girls 
have a greater preference for Biology as a subject and boys for Physics (Baram- 
Tsabari & Yarden, 2008; Prokop et al. 2007a; Simon et al., 2015; Wiebe et al., 2018).
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Chapter 17
Perception of Biological Disciplines 
by Upper Secondary School Students

Vanda Janštová, Natálie Tichá, and Petr Novotný

17.1  Introduction

Science is often perceived by students as neither interesting, relevant (Goodrum 
et al., 2001) nor creative (Salonen et al., 2017), which makes it a rather unpopular 
school subject (Riess, 2000). However, biology is usually a well-perceived subject 
among other science subjects (Osborne et al., 2003; Prokop et al., 2007a).

17.1.1  Biology Disciplines

Biology consists of several disciplines (sometimes referred to as sub-disciplines or 
topics), such as human biology, zoology, botany, microbiology, cell biology, genet-
ics, mycology, ecology and evolution, and there are quite big differences in stu-
dents’ perception of these individual biology disciplines (Cimer, 2012). Human 
biology and zoology are often seen as the favourite disciplines among students 
(Prokop et al., 2007a) and teachers (Bukáčková & Janštová, 2017), unlike botany 
(Prokop et al., 2007a; Strgar, 2007). Zoology is also perceived as an easy discipline, 
possibly due to the fact students often keep a pet, and observe animals with interest, 
which is a supporting factor that leads to a deeper knowledge and more positive 
feelings about them (Bjerke et  al., 2001; Prokop & Tunnicliffe, 2010). Students 
often rate genetics, cell biology, endocrinology (human biology) among the most 
difficult disciplines (Cimer, 2012). One of the causes as described for genetics is 
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probably the complexity and hierarchical arrangement of these disciplines (Knippels, 
2002) leading to misconceptions (reviewed by (Kampourakis & Reiss, 2018)).

Interestingly, Janštová et al. (2015) reported that students with a deeper interest 
in biology who took part in the Biology Olympiad also rated zoology among the 
most interesting biology disciplines, but botany was the third most interesting disci-
pline for them just after molecular and cell biology. Gender differences have also 
been reported; girls often prefer human health topics, while boys are interested in 
the biological processes (Uitto et al., 2006).

Educators have been examining how to increase motivation toward studying 
science, and several ways to deal with poor perception of biology disciplines have 
been proposed. One suggestion is to teach the non-popular ones using popular 
teaching methods and forms like field trips (e.g. Janštová et al., 2020), as enrichment 
experiences in science have the potential to engage students with science (Tytler & 
Osborne, 2012). But this does not solve the bigger problem which may lay in the 
curriculum or simply using the long-established practices which may not be ideal.

17.1.2  Biology Curriculum

The Czech curriculum is defined by the Framework Educational Programme, which 
doesn’t specify organization of biology disciplines or even school subjects (RVP G, 
2007; RVP ZV, 2013). Biology can therefore be taught as a single subject or as a 
part of science. In any setting, it should include the crosscutting concepts. It is up to 
each school if they divide biology into individual disciplines such as zoology, bot-
any or ecology, or embed the disciplines into a bigger picture – or within the “Big 
Ideas” put forward by Harlen et al. (2010). Despite this, most of the schools use the 
traditional approach of teaching biology as a separate subject with separate disci-
plines which are more or less isolated (Janštová & Jáč, 2015) in accordance with 
local tradition, and this is the majority approach in local textbooks (Rokos et al., 
2019). Although it is commonly said teachers tend to teach the way they were 
taught, which can be seen as a drawback, research has shown they rather teach the 
way they would prefer to be taught (Cox, 2014) or by building on a diverse experi-
ence (Oleson & Hora, 2014).

On the other hand, teachers reflect and follow textbooks or manuals when 
preparing for their lessons (Janštová, 2015; Moulton, 1997). Only one current Czech 
biology textbook edition follows the ‘ecological’ approach (Rokos et  al., 2019, 
p. 21). Such an arrangement of concepts to reflect the Big Ideas organization of biol-
ogy in the common high school textbooks (Miller & Levine, 2010), has been shown 
to be more effective compared to topically organized textbooks when assessing stu-
dents ́performance in tests (Crawford & Carnine, 2000).

The current trend in teaching biology seems to be through the Big Ideas (Harlen 
et  al., 2015), which is incorporated in national curriculums, including Estonia 
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(Government of the Republic of Estonia, 2014), Finland (National Core Curriculum, 
2016), New Zealand (The New Zealand Curriculum, 2007), and Scotland (CfE, 
2009); although our neighbour, Poland (MNE, 2018), organizes the biology curricu-
lum according to phylogeny and traditional topics like human biology, zoology, 
botany and ecology.

The Czech curriculum has been changed (RVP G, 2007; RVP ZV, 2013), but the 
changes have been adapted only formally and the teachers have rarely changed their 
teaching practices (Dvořák et al., 2015; Janík, 2013; Štech, 2013). One of the rea-
sons is probably not linking the general public and teachers together as partners for 
a discussion about the aim and realization of curricular reform. Methodology to 
support the reform was also missing (Straková, 2013). As a result, knowledge rather 
than problem solving, creativity and scientific literacy is required as is in some other 
countries (Koul & Fisher, 2002; Lindahl, 2003; Šorgo, 2012).

We took advantage of the fact that all students should have studied the basics 
of all biological disciplines at lower secondary school, and all the disciplines are 
repeated during upper secondary school biology according to the Czech curricu-
lum. Therefore, the pupils know wha the disciplines are about, although they are 
not familiar with as many details. As mentioned above, the most widespread 
approach to teaching biology in Czechia is to organize a biology course through 
separately teaching the individual biological disciplines, not through big ideas or 
ecological approaches. Pupils’ perception of biology disciplines is thus implic-
itly based on the more or less strictly divided disciplines, and it is possible to 
assume that their relations to individual disciplines are distinct enough to be 
measured. At the same time, it leads to the fact that Years 11 and 12 students have 
not yet substantially encountered or studied all the disciplines at the upper sec-
ondary school.

17.1.3  Perception of Usefulness

The term “usefulness” is seen as “usefulness for everyday life” inspired by the 
formulation: “Do middle school students see themselves using science?” (BouJaoude 
& Abd-El-Khalick, 1995). Students who perceive a discipline useful typically con-
sider usefulness for themselves, e.g. future career, real life (Aschbacher et al., 2014) 
and usefulness for society. Perceiving a discipline useless and without connection to 
everyday life leads to perceiving it as boring (Rennie et  al., 2001). Raved and 
Assaraf (2011) describe usefulness for life as a part of instrumental value within the 
Value of Science studies. Of course, usefulness for one’s everyday life, and conse-
quently to society, is only one of the possible reasons for including a topic or disci-
pline into the curriculum. Importance, or in a broader sense relevancy, nevertheless 
is among the crucial ones (Dillon, 2009; Stuckey et al., 2013) although it may be 
vaguely defined (Stuckey et al., 2013).
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17.2  Aims of the Study

We wanted to explore if perception of usefulness for life and difficulty of a specific 
science subject, here represented by biology, changes during (and due to) upper 
secondary school studies; and if it does – how? We were also interested in whether 
the school subject of biology is perceived by both boys and girls in a similar way. 
We decided to find out how students perceive all biological disciplines in terms of 
usefulness for life and difficulty, although we realize these are also only sections of 
a bigger picture.

Our objective was to find out how Czech upper secondary school students 
perceive individual biology disciplines in terms of usefulness for life and difficulty. 
We wanted to answer the following questions:

 1. Are there differences among individual biology disciplines in terms of usefulness 
for life and difficulty as perceived by upper secondary school students?

 2. Is there a difference in the perception of usefulness for life and difficulty of the 
biology disciplines between the students who already studied the disciplines at 
upper secondary school and those who did not?

 3. Is there a difference in the perception of usefulness for life and difficulty of the 
biology disciplines between boys and girls?

17.3  Research Design and Method

17.3.1  Research Tool

The questionnaire was inspired by Rusek (2013) who explored perception of 
different chemistry disciplines. The formulations in the first version of the 
questionnaire were changed (mostly shortened) after the first pilot testing with 15 
students. After the second testing of the formulations with 21 students, no 
misunderstandings were found. Data obtained from these students were not included 
in the analysis. The questionnaire asked to mark the perception of usefulness for life 
and difficulty of individual biology disciplines on a 5-point Likert scale (by using 
the following questions: “How useful do you think these biological disciplines are 
for everyday life? and “How difficult do you think these biological disciplines are?”. 
Biology was represented by the following disciplines (inspired by Janštová et al. 
(2015): cell biology, genetics, evolutionary biology, microbiology, protozoology, 
botany, zoology, mycology, human biology, physiology processes, ecology and 
environmental protection. Respondents also indicated if they had already studied 
the disciplines at upper secondary school or not, which was also confirmed by their 
teacher. As mentioned above, according to Czech biology curriculum, students 
should have studied the basics of all biological disciplines at lower secondary school 
so we assumed they all knew these disciplines.
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17.3.2  Respondents

The questionnaire was distributed by one of the authors (NT) in nine classes of three 
upper secondary schools. Answering the questionnaire was voluntary and anony-
mous. Data from 192 students were analyzed (Table 17.1). All the respondents were 
taught biology as an individual biological discipline. Because teaching biology 
started by cell biology and microbiology at the beginning of the school year at all 
the schools in this study all the students had already studied these disciplines when 
taking the survey.

17.3.3  Data Analysis

Only complete questionnaire data were analyzed. Data was transcribed to Excel and 
analyzed using R (R Core Team, 2020). Perception of usefulness for life and diffi-
culty of biology was calculated as a mean (and median in case of the graphs) value 
of the disciplines. A Mann-Whitney test was used to test the hypotheses that there 
are differences in perception of individual disciplines between boys and girls and 
between students who have and have not already studied the discipline at upper 
secondary school. Effect sizes (Vargha and Delaney’s A) were calculated and evalu-
ated according to Vargha and Delaney (2000).

17.4  Results

17.4.1  Perceived Usefulness for Life

Nearly all biology disciplines were perceived useful for one’s life (having the mean 
and median above 3). Human biology was perceived as the most useful and proto-
zoology as the least useful, although still close to a neutral value, as shown in 
Table 17.2 and Fig. 17.1.

Girls perceived the following disciplines more useful than did boys: cell biology 
(p = 0.04), genetics (p = 0.004), zoology (p = 0.006), physiology (p = 0.005) and 

Table 17.1 Respondents in the study

Year of the study/gender Boys Girls Total

11 26 29 55
12 30 39 69
13 31 37 68
Total 87 105 192
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human biology (p = 0.02). See Table 17.2 for effect sizes. On the other hand, boys 
did not perceive any biology discipline more useful compared to girls.

There was no difference in perceived usefulness for life between students who 
had already studied the given biology disciplines at upper secondary school (during 
years 11, 12 and the first months of year 13) and those who had not.

Table 17.2 Means of the perceived usefulness of biology disciplines for life

Biology discipline
Usefulness for 
life – (means)

Perceived more useful 
by girls (effect sizes)

Perceived more useful if 
studieda (effect sizes)

Human biology 4.86 0.45
Physiology 4.68 0.41
Ecology and 
environmental 
protection

4.41

Genetics 4.40 0.39
Zoology 4.29 0.40
Microbiology 3.92
Evolutionary biology 3.88
Botany 3.86
Cell biology 3.42 0.42
Mycology 3.38
Protozoology 2.60

Note. The higher the mean, the higher the perceived usefulness for life. All the calculated effect 
sizes are medium
aAt upper secondary school

Fig. 17.1 Medians of the perceived usefulness of biology disciplines for life
Note. The higher the mean, the higher the perceived usefulness for life. The box plot shows medi-
ans, 25th – 75th percentile, “minimum” (25th percentile – 1.5*interquartile range) and “maxi-
mum” (75th percentile + 1.5*interquartile range), the single dots represent outliers
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17.4.2  Perceived Difficulty

Genetics was seen as the most difficult; ecology and environmental protection was 
seen as easier than the rest except for zoology, see Table 17.3 and Fig. 17.2.

Table 17.3 Means of the perceived difficulty of biology disciplines

Biology discipline
Difficulty 
(means)

Perceived easier by girls 
(effect sizes)

Perceived easier if 
studieda (effect sizes)

Genetics 2.40
Cell biology 2.68
Microbiology 2.78
Protozoology 2.79 0.41
Physiology 2.79 0.37
Human biology 2.96 0.32
Botany 2.97 0.36
Mycology 3.27
Evolutionary biology 3.46
Zoology 3.57 0.38
Ecology and 
environmental protection

3.84 0.42

Note. The lower the mean, the higher the perceived difficulty. All the calculated effect sizes are 
medium except for human biology, which is small
aAt upper secondary school

Fig. 17.2 Medians of the perceived difficulty of biology discipline
Note. The lower the mean, the higher the perceived difficulty. The box plot shows medians, 25th – 
75th percentile, “minimum” (25th percentile – 1.5*interquartile range) and “maximum” (75th per-
centile + 1.5*interquartile range), the single dots represent outliers
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Girls, on contrary to boys, rated protozoology (p = 0.03), botany (p < 0.001), 
zoology (p = 0.004) and ecology and environmental protection (p = 0.03) as easier, 
see Table 17.3 for effect sizes. Boys did not perceive any biology discipline as easier 
than did girls. Students who already studied physiology and human biology at upper 
secondary school (during years 11, 12 and the first months of year 13) perceived 
these as easier than students who studied these disciplines only at lower secondary 
school (p = 0.002), see Table 17.3 for effect sizes.

17.5  Discussion and Conclusions

We are aware that this study has several limitations, one of which is the limited 
number of respondents and the fact they were only from three upper secondary 
schools. It would require a subsequent study possibly using a qualitative approach 
to describe the reasons why pupils find specific biology disciplines easier after 
studying it at upper secondary school. Also letting the pupils explain what they 
imagine as “usefulness” would shed more light on this problem. A longitudinal 
study following the perception of the same students over several years would prob-
ably be a more accurate approach to exploring the possible change of perception. 
Such a study would examine our findings more appropriately and would also allow 
us to examine how much the perception of biology disciplines is influenced also by 
lower secondary school.

All biology disciplines were perceived as useful, which provides a good starting 
point for biology educators, but the perception did not change during studying at 
upper secondary school. Our interpretation is that the teachers and school education 
do not adversely affect students’ “usefulness” beliefs. We expected that the upper 
secondary school education, at least in some disciplines, would have a positive 
impact and improve students’ perceptions by deeper understanding of the topics, 
personal enthusiasms, etc. But we did not notice such added value to students’ 
beliefs about the usefulness of biology. This leaves space for improvement of the 
teaching techniques and approaches used while teaching biology. As reported by 
Prokop et al. (2007b), human biology was rated as most useful for life. Genetics was 
perceived as the most difficult biology discipline, probably due to the fact under-
standing genetics requires understanding different levels of organization (DNA – 
cell – tissue – organ – organism), and failing to do it consequently leads to many 
misconceptions (reviewed by Kampourakis & Reiss, 2018). Zoology was perceived 
as the second easiest discipline, which may be one of the reasons for its popularity 
or vice versa. Also, pupils often observe animals (Bjerke et al., 2001), and have a 
pet, which leads to more positive feelings and higher level of knowledge about ani-
mals (Prokop & Tunnicliffe, 2010). Moreover, the popularity of human zoology and 
biology corresponds to the popularity of these disciplines among Czech teachers 
(Bukáčková & Janštová, 2017).

Unlike usefulness, perceived difficulty of some biology disciplines changed 
during studying upper secondary school. Interestingly, the disciplines were 
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perceived as easier when studying them. We have not found any discipline which 
the students perceived more difficult after studying it at upper secondary school 
than they expected. In-depth interviews with pupils are needed to find out the 
reasons and reasoning behind them.

Zoology and botany typically include learning phylogenetic relationships; 
ecology is typically focused on describing the individual concepts, with the practical 
work being represented by text-based work in Czech education (Janštová, 2015). 
These disciplines were perceived as easier by girls. The results of the comparison of 
boys and girls show that there is a difference between the perception of both moni-
tored evaluations. Girls perceive biological disciplines within the Czech educational 
system as easier (especially those containing a lot of new concepts) and more useful 
(especially those connected to human health and reproduction). This finding can 
probably be partly explained by the generally better attitudes of girls towards biol-
ogy than boys (Dawson, 2000), by girls choosing nursing professions more often 
than boys Uitto et al. (2006), or the influence of a different approach to learning can 
be considered. As memorizing has been shown to be used more by girls than boys 
(Tan, 2014), we hypothesize that girls use more memorizing to learn the content of 
the disciplines and their terminology. However, the list of disciplines in which girls 
perceive difficulty less than boys is relatively wide; the average effect size is also 
noticeable, especially taking into account the evaluation of effect size in the sense 
of Kraft (2020). Czech education has a high proportion of women teachers, accord-
ing to OECD statistics for the last available year 2018 (OECD, 2018) the Czech 
Republic is the 5th most feminized education system in ISCED 1 (94% of teachers 
are women), and in ISCED 2 it is the 7th most feminized (78%). Specific data for 
biology teachers are not available. The concept of school-female stereotypes 
(Heyder & Kessels, 2013) presents us with a theoretical framework in which we can 
consider the influence of women’s representation in teacher positions as a signifi-
cant factor influencing pupils’ attitudes and subsequent success. We therefore pro-
pose to further explore this area, i.e. the high degree of feminization of schools leads 
to an unbalanced concept of teaching biology, which is more suitable for girls. The 
Czech Republic can serve as an example of a school system with a high degree of 
feminization where girls perceive more than a third of biological disciplines as more 
useful and easier than do boys. Because the mentioned topics are similarly relevant 
to every citizen, the teachers should make them relevant for all pupils includ-
ing boys.
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Chapter 18
Analyzing the Relationships Between 
Pre- service Biology Teachers’ Modelling 
Processes, Scientific Reasoning 
Competencies and General Cognitive 
Abilities

Maximilian Göhner and Moritz Krell

18.1  Introduction

Modelling is considered to be a core practice of reasoning in science (Giere et al., 
2006; Passmore et  al., 2014), notably within the specific discipline of biology 
(Laubichler & Müller, 2007). The introduction of authentic scientific reasoning and, 
therefore, modelling, into biology classrooms remains a common goal shared by 
many researchers (Haugwitz & Sandmann, 2010; Svoboda & Passmore, 2013; 
Upmeier zu Belzen et al., 2019). This goal has been emphasized in curriculum doc-
uments worldwide (e.g. KMK, 2005; NGSS Lead States, 2013; VCAA, 2016).

Earlier studies revealed that students and teachers mainly utilize models for rep-
resentative purposes (i.e. models of phenomena). This is in contrast to scientists, 
who primarily use models as research tools (e.g. models for reasoning; Passmore 
et al., 2014). Specifically, the predictive power of models seems to be a challenging 
concept for students and teachers alike (Gouvea & Passmore, 2017; Krell & Krüger, 
2016). Consequently, enacting a model-based curriculum and implementing a sci-
entific perspective on modelling in classrooms poses a challenge for teachers 
(Windschitl et al., 2008). Hence, in order to support student learning, future biology 
teachers will need to develop modelling competencies and capabilities related to 
models and modelling in addition to pedagogical competencies during teacher edu-
cation at the university level (Günther et al., 2019).

While the concept of modelling competencies has been the subject of intense 
research in science and biology education (Krell, 2013; Nicolaou & Constantinou, 
2014; Upmeier zu Belzen et al., 2019), only a few studies published thus far have 
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investigated the relationships between dimensions of modelling competencies and 
conceptually related constructs (Mierdel & Bogner, 2019; Ruppert et  al., 2019). 
Studies such as these have the potential to provide valuable theoretical knowledge 
(Nehring & Schwichow, 2020). The present study adds to this body of research by 
providing an analysis of the relationships between the quality of modelling pro-
cesses exhibited by pre-service biology teachers and their scientific reasoning com-
petencies (SRC) and general cognitive abilities (GCA).

18.2  Modelling Competencies in Biology Education

Competencies are commonly conceptualized as complex latent constructs, which 
are necessary for problem-solving within specific domains (Klieme et al., 2008). 
Competencies encompass knowledge, skills, abilities, and further dispositions, for 
example motivation (Rychen & Salganik, 2003). An individual competence is 
defined as a system of dispositions that one needs in order to solve problems of a 
specific type. Hence, the extensionality of specific competencies (i.e. their constitu-
ent elements) are predefined by the type of problems to which they refer (Blömeke 
et al., 2015; Franke, 2005).

Modelling competencies are defined as the knowledge, skills, abilities, and 
motivational dispositions necessary to engage in the process of developing and 
using models for problem-solving in specific situations (Upmeier zu Belzen 
et  al., 2019). Understanding the predictive power of models and having the 
capacity to use models as research tools are key elements of sophisticated model-
ling competencies (Gouvea & Passmore, 2017). Advanced modelling processes 
are, therefore, characterized by their complex and cyclic nature, including sev-
eral modelling activities like a repeated testing of the model by deducing and 
evaluating model-based predictions (e.g. Giere et al., 2006; Schwarz et al., 2009). 
Wilmont et al. (2019) also suggest that switching between different modelling 
activities often and fluently, leading to homogenously distributed modelling 
activities, is a sign of sophisticated modelling processes, as this behaviour pre-
vents modellers from getting stuck on problem features or missing out on rele-
vant opportunities for sense-making.

Dimensions of modelling competencies include meta-modelling knowledge 
and the ability to engage in modelling processes (Nicolaou & Constantinou, 
2014). Although there is a clear consensus on how one defines the construct of 
modelling competencies in science education (Upmeier zu Belzen et al., 2019), 
the relationships between modelling competencies and conceptually related con-
structs are not yet clearly established. Most published studies focus on meta- 
modelling knowledge or on the quality of modelling products rather than on the 
process of modelling itself. Therefore, qualitative insights into actual modelling 
processes as performed by both students and teachers are widely lacking (Nicolaou 
& Constantinou, 2014).
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18.3  Relationship Between Modelling Competencies 
and Conceptually Related Constructs

Studies on the relationships between modelling competencies and conceptually 
related constructs can contribute to an improved understanding of the dimensions 
and the extensionality of specific constructs associated with modelling competen-
cies (Nicolaou & Constantinou, 2014). For example, these studies can provide evi-
dence for discriminant validity (Krell et  al., 2019; Mayer et  al., 2014). As 
competencies are complex constructs that encompass various aspects of the knowl-
edge, skills, and abilities required for problem-solving (Klieme et al., 2008), these 
studies can provide valuable theoretical knowledge (Schwichow & Nehring, 2018). 
This theoretical knowledge can be used to guide further research, for example, 
related to the assessment of specific competencies (Nehring & Schwichow, 2020; 
Shavelson, 2013). Empirical studies that focus on the relationships between model-
ling competencies and potentially related constructs can also be used to test estab-
lished assumptions about general abilities and prerequisites for effective modelling 
(e.g. creativity; Mierdel & Bogner, 2019). Furthermore, knowledge focused on 
abilities that positively influence the quality of student engagement in modelling 
processes might contribute to developing interventions and professional develop-
ment, aimed at fostering modelling competencies among biology teachers 
(Schwichow & Nehring, 2018).

While theoretical considerations suggest a positive relationship between model-
ling competencies and general SRC, the specific relationship between these two 
constructs remains unclear (Göhner & Krell, 2020a). Some authors understand sci-
entific reasoning as a modelling process that encompasses various other practices 
(Lehrer & Schauble, 2015), while others describe modelling as one of six distinct 
styles of scientific reasoning (Kind & Osborne, 2017).

GCA encompass analogical reasoning and spatial thinking, which were sug-
gested to be among the prerequisites for effective engagement in modelling pro-
cesses (Clement, 2008). In line with this observation, previous findings indicated a 
positive relationship between meta-modelling knowledge and GCA (Krell et  al., 
2014). Essential to the assessment of GCA are tasks that include spatial transforma-
tion (Liepmann et al., 2007), which was proposed as a critical ability for modelling 
(Nersessian, 2002).

In addition to SRC and GCA, domain-specific knowledge has been proposed as 
a factor contributing to modelling processes (Ruppert et al., 2019). Furthermore, 
creativity has also been presented as an important prerequisite for modelling 
(Clement, 2008). In one case study, Bailer-Jones (1999) described how creative 
strategies (e.g. visualization) were employed by scientists while modelling the com-
plex phenomena associated with extended extragalactic radio sources. However, 
other studies found no significant associations between creativity and the quality of 
student and teacher engagement in hands-on modelling processes (Demirhan & 
Şahin, 2019; Mierdel & Bogner, 2019).
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18.4  Aims of the Study and Research Questions

The present study contributes to research on modelling competencies in biology 
education by comparing SRC and GCA of pre-service biology teachers with their 
modelling processes. The data presented comes in part from previously published 
studies (Göhner & Krell, 2018, 2020a; Krell et al., 2019) and have been reanalyzed 
for use in the present study. We will address the following research question: what 
relationships can be identified when comparing SRC and GCA of pre-service biol-
ogy teachers with their respective modelling processes? It is expected that pre- 
service biology teachers with higher SRC and/or GCA will conduct more 
sophisticated modelling processes, which are characterized by being rather homo-
geneous and complex (Schwarz et al., 2009; Wilmont et al., 2019) and include activ-
ities of deducing and evaluating model-based predictions (Gouvea & Passmore, 
2017; Upmeier zu Belzen et al., 2019).

18.5  Research Design

The present study follows a mixed-method design, combining quantitative analyses 
of responses to two surveys assessing SRC and GCA with a qualitative analysis of 
modelling processes observed as participants engage in a black box modelling task.

18.5.1  Context of the Study

Pre-service biology teachers from two German universities were asked to partici-
pate in the study based on a criterion-based sampling strategy, which is described 
below. Participants differ in their academic progress ranging from pre-service teach-
ers in introductory biology courses during their bachelor’s programme to pre- service 
teachers in advanced biology education courses at the end of their master’s pro-
gramme. At the end of their studies, pre-service biology teachers in Germany are 
expected to have developed sufficient knowledge and competencies regarding 
inquiry and reasoning in science, including modelling (KMK, 2019).

18.5.2  Assessment of SRC and GCA

SRC and GCA of 202 participating pre-service biology teachers were assessed with 
established paper-and-pencil-based instruments. For the evaluation of SRC, a 
multiple- choice instrument was used that includes tasks related to two dimensions 
of reasoning in science: conducting scientific investigations and using scientific 
models (Krüger et al., 2020). GCA were assessed with a commercially available and 
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standardized instrument with individual task formats that assessed verbal, numeric, 
and spatial intelligence as subscales (Liepmann et al., 2007).

18.5.3  Assessment of Modelling Processes

The results of the two paper-and-pencil-based assessments were used in a criterion- 
based sampling approach in order to increase the variance of the modelling pro-
cesses (heterogeneous sample). Based on the expectations described in Sect. 18.4, 
pre-service biology teachers with SRC that were one standard deviation higher or 
lower than the mean scores of the respective norm sample (Krüger et al., 2020) and 
GCA that were a one-half standard deviation higher or lower than the mean scores 
of the respective norm sample (Liepmann et al., 2007) were invited to participate in 
the study (N = 57). Thirty-six pre-service biology teachers voluntarily agreed to 
participate and signed an informed consent form.

The participating pre-service biology teachers were individually presented with 
a black box (Fig. 18.1) that was previously shown to be an effective tool for encour-
aging modelling processes (Krell et al., 2019). This black box has a funnel for water 
input and an internal, hidden mechanism that determines water output. For example, 
repeated input of 400 ml yields a varied output pattern (e.g. 0 ml, 400 ml, 600 ml, 
400 ml, 0 ml, 1000 ml, etc.) that cannot be readily explained. This feature of the 
black box facilitates the creation of varied analogies and models and motivates the 
participants toward further investigation (Krell et al., 2019). The participants were 
instructed to draw a model of the mechanism inside the black box on the chalkboard 
provided while thinking aloud (Ericsson & Simon, 1998). No further instructions or 
time constraints were provided. The participants were videotaped while participat-
ing in this activity.

Fig. 18.1 Black box setting. Components are labelled as follows: (a) written task: participants 
were asked to develop a model of the internal mechanisms of the black box, (b) exemplarily 
labelled chalkboard, (c) video camera (1 of 3), (d) black box, (e) water reservoir, (f) beakers of 
different sizes, (g) volumetric flask
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18.6  Data Analysis

18.6.1  Analysis of SRC and GCA

For estimations of SRC, weighted likelihood estimates were computed in a one- 
dimensional “Rasch-model” (Krüger et al., 2020). The sum score of verbal, numeri-
cal and spatial intelligence was calculated to determine individual participants’ 
GCA (Liepmann et al., 2007).

18.6.2  Qualitative Analysis of Modelling Processes

Videos and verbalizations were fully transcribed and analyzed within the meth-
odological framework of qualitative content analysis (Göhner & Krell, 2020b; 
Schreier, 2012). The modelling processes of the participants were coded using an 
established category system (Krell et al., 2019). This system facilitated a detailed 
breakdown of each participant’s modelling process into 19 distinct modelling 
activities that are related to three phases of modelling: exploration (of the black 
box), model development, and use of models for predictions (Table  18.1). 
Cohen’s Kappa indicated very high intra-rater agreement (Mκ = 0.84) and moder-
ate to very high inter-rater agreement (Mκ = 0.77) for this analysis (Göhner & 
Krell, 2020a).

Based on the resulting frequencies and sequences of modelling activities, tran-
sition graphs were built for each participant’s modelling process. Such graphs 
include knots, depicting the modelling activities, and edges, depicting the transi-
tions between the respective modelling activities (Fig. 18.2). To test the expecta-
tions described in Sect. 18.4, the complexity and homogeneity of the resulting 
transition graphs (i.e. modelling processes) were estimated as described in Göhner 
& Krell (2020a): Complexity was estimated using the transition graph metric 
known as “communities”, which involves counting all subgraphs within each 
transition graph. Participants may show a limited range of activities, resulting in 
transition graphs with more subgraphs, as some activities are not connected to 
others. To estimate complexity, the communities-score of each participant was 
subtracted from the maximum communities-score achieved in this study. To esti-
mate homogeneity, the centrality of every transition graph was determined and 
reciprocally transformed. Centrality describes the dependence of a graph on a 
single node. To account for structural outliers, homogeneity was estimated using 
the sum of the three measures of centrality: closeness centrality, degree centrality, 
and betweenness centrality.
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Table 18.1 Modelling activities and their associations with the three phases of modelling. 
Detailed descriptions can be found in Göhner & Krell (2020a)

Phases Exploration Model development
Model usage for 
predictions

Activities 1. Perception of a 
phenomenon
2. Input/output 
(exploratory)
3. Summarizing/ 
describing 
observations
4. Input/output 
(pattern detection)
5. Recognizing 
patterns

7. Graphically develop 
model
8. Change model to 
optimize consistency
9. Change model to 
optimize representation
10. Reject model due 
to poor consistency or 
representation
11. Evaluate 
consistency
12. Evaluate 
representation
13. Finding of 
consistency and 
representation

14. Deduction of 
predictions
15. Input/output 
(i.e., test 
predictions)
16. Confirmation of 
prediction
17. Falsification of 
prediction
18. Change model 
due to falsified 
predictions
19. Reject model 
due to falsified 
predictions

Activity 6, “activation of analogies and experiences” takes place throughout the modelling 
process. As such, this activity was not assigned to any one of the three phases listed above.

Fig. 18.2 Transition graphs of “Carlo” (left) and “James” (right). Knots depict the modelling 
activities labelled with the same numbers as in Table 18.1. Additionally, all edges are labelled with 
the number of transitions, between the respective modelling activities. Unconnected knots have not 
been addressed by the participants
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18.6.3  Analysis of the Relationships Between SRC, GCA, 
and Modelling Processes

To address the research question directly, Pearson correlational analyses were 
performed to identify relationships between the participants’ SRC and GCA, their 
relative time of engagement in each of the modelling phases, and the transition 
graph metrics complexity and homogeneity. For time of engagement, in each 
modelling phase, the time in each phase was divided by the total time each partici-
pant was engaged in the entire task. Furthermore, SRC and GCA were compared 
between respondents who did and did not show activities associated with predic-
tion in their modelling processes (t-test), as predictive activities were previously 
identified as a key element of sophisticated modelling competencies (Gouvea & 
Passmore, 2017).

18.7  Findings

Table 18.2 includes descriptive statistics for the relevant measures in this study. 
Based on the heterogeneous sampling approach described in Sect. 18.5.3, the par-
ticipants were divided into four subsamples.

18.7.1  SRC and GCA

Overall, the groups’ mean SRC were close to the norm sample’s mean score, which 
is constrained to M = 0 (Krüger et al., 2020). With respect to the subscales used to 
evaluate GCA, the pre-service biology teachers achieved on average ~40 points, 
with a maximum value possible of 60 points (Liepmann et al., 2007). The mean 
scores of the subgroups reflect the heterogenous sampling approach, differing one 
(SRC) or one half (GCA) standard deviation from the respective norm samples for 
both variables, respectively.

18.7.2  Modelling Processes

Regarding the modelling processes, Table 18.2 shows that all participants predomi-
nantly invest time in activities assigned to the modelling phase of exploration. On 
average, the participants were engaged in exploratory activities for ~60% of the 
overall time on the task, while activities assigned to model development only 
account for ~20% of the time. Activities assigned to the modelling phase of predic-
tion and the activity of finding analogies account for less than ~10% of the time each.

Figure 18.2 shows the transition graphs of Carlo and James (names are pseud-
onyms) as two examples. Carlo uses only exploratory modelling activities 
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(activities 1–5) and activity 6 “activation of analogies and experiences”. These 
activities are often repeated, especially activities 2 (input/output (exploratory)), 3 
(summarizing/describing observations), and 4 (input/output (pattern detection)) as 
illustrated by the high numbers on the respective edges. This leads to a transition 
graph with low complexity and homogeneity scores. James on the other hand uses 
more modelling activities and switches between them more fluently, leading to high 
complexity and homogeneity scores.

18.7.3  Relations Between SRC and GCA 
and the Modelling Processes

To normalize the different scales for further statistical analyses, all data have been 
z-standardized. Table 18.3 presents Pearson correlation coefficients (r) between all 
measures included in this study. The correlation coefficients between SRC and 
GCA and the complexity and homogeneity measures were comparatively small 
(|r|<.30) and did not reach statistical significance (p>.05). Correlations between 

Table 18.2 Descriptive statistics for SRC and GCA; the relative (%) time of engagement in each 
modelling phase (Table 18.1); and the transition graph metrics, complexity, and homogeneity for 
each subsample (SD standard deviation)

Total 
sample Subsamples

(N = 36)
High SRC, high 
GCA (n = 17)

High SRC, 
low GCA 
(n = 6)

Low SRC, 
high GCA 
(n = 3)

Low SRC, low 
GCA (n = 10)

Mean values regarding SRC and GCA

Mean SRC 
(SD)

0.21 
(1.04)

0.97 (0.23) 0.91 (0.20) −1.09 (0.20) −1.13 (0.29)

Mean GCA 
(SD)

114.56 
(25.24)

135.76 (9.14) 90.33 (12.47) 131.33 (6.11) 88.00 (10.81)

Verbal 38.50 
(6.89)

38.24 (7.30) 39.00 (7.13) 41.00 (3.61) 37.90 (7.48)

Numeric 39.03 
(13.46)

39.94 (12.44) 38.50 (12.11) 33.00 (25.00) 39.60 (13.95)

Spatial 37.03 
(8.29)

36.35 (9.99) 40.83 (4.62) 34.33 (8.39) 36.70 (7.01)

Mean time (%) of engagement in modeling phases (SD)
Exploration 62 (18) 65 (16) 58 (21) 66 (25) 58 (18)
Model dev. 21 (12) 22 (12) 18 (7) 25 (25) 21 (12)
Prediction 3 (7) 2 (4) 6 (12) 0 (0) 4 (7)
Analogy 5 (4) 3 (3) 7 (5) 6 (1) 6 (6)
Mean values of transition graph metrics (SD)
Complexity 4.89 

(2.68)
5.53 (2.96) 4.83 (2.79) 3.33 (0.58) 4.30 (2.45)

Homogeneity 1.52 
(0.41)

1.48 (0.34) 1.55 (0.49) 1.26 (.57) 1.66 (0.45)
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SRC and GCA and the time of engagement in each modelling phase were also not 
statistically significant, save for the case of GCA and engagement in developing 
analogies, which revealed a significant negative correlation with medium effect size.

Figure 18.3 illustrates the participants’ SRC and GCA grouped by the presence 
or absence of prediction activities associated with their respective modelling pro-
cesses. No systematic differences in SRC and GCA between the two groups are 
apparent and no statistically significant differences could be found in test scores 
between the two groups (t-test).

18.8  Discussion

The aim of this study was to contribute to research on modelling competencies in 
biology education by evaluating the nature and quality of modelling processes 
exhibited by pre-service biology teachers with respect to their respective SRC and 
GCA. Hence, this study focuses specifically on modelling processes as one of the 

Table 18.3 Pearson correlation coefficients r and p-values for relationships between the SRC and 
GCA and its subscales, the time of engagement in each modelling phase, and the transition graph 
metrics complexity and homogeneity (n.s. = p >.05)

Variable SRC GCA verbal numeric spatial
R P r p r p R p r p

Exploration .06 n.s. .20 n.s. .09 n.s. −.01 n.s. −.11 n.s.
Model development .01 n.s. .07 n.s. −.03 n.s. −.04 n.s. −.04 n.s.
Prediction .02 n.s. −.21 n.s. −.03 n.s. .03 n.s. .19 n.s.
Analogies −.23 n.s. −.38 <.05 .12 n.s. .20 n.s. .29 n.s.
Complexity .21 n.s. .06 n.s. .25 n.s. .16 n.s. .00 n.s.
Homogeneity −.08 n.s. −.20 n.s. −.06 n.s. .14 n.s. −.05 n.s.

Fig. 18.3 Boxplots with participants’ SRC (left) and GCA (right) grouped into those that did and 
those that did not incorporate prediction-related activities in their modelling processes

M. Göhner and M. Krell
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constituent dimensions of modelling competencies (Nicolaou & Constantinou, 
2014). Contrary to our expectations, neither SRC nor GCA were systematically 
related to the modelling processes exhibited by the cohort of 36 selected pre-service 
biology teachers (Table  18.3 and Fig.  18.3). These unexpected findings are dis-
cussed while acknowledging the limitations of this study.

Naturally, the present study has limitations. Paper-and-pencil based instruments 
are limited by the nature of their task format. This type of instrument cannot capture 
complex performances (Martinez, 1999). Furthermore, the instrument used to assess 
SRC does not include tasks associated with all six styles of scientific reasoning 
(Kind & Osborne, 2017). Similarly, only verbal, numeric, and spatial intelligence 
are included in the test used to assess GCA that was applied in this study. This test 
did not include, for example, problem-solving abilities (Krell et al., 2019). Finally, 
the rather abstract task of investigating a black box was chosen to reduce the impor-
tance of content knowledge for engagement in the modelling process (Ruppert 
et al., 2019). However, this might be perceived as an inauthentic task compared to 
real-life modelling problems in biology. Furthermore, some cognitive processes and 
thoughts might not have been captured by the respondents’ verbalizations (Ericsson 
& Simon, 1998).

First, and despite the limitations of this study as discussed above, the absence of 
a systematic relationship between SRC and modelling processes may stand in sup-
port of the recent conceptualization of modelling as a distinct style of scientific 
reasoning (Kind & Osborne, 2017). As such, these findings suggest a need for indi-
vidual and explicit promotion of modelling in educational settings. Second, the 
absence of a systematic relationship between GCA and modelling processes chal-
lenges theoretical assumptions (e.g., Clement, 2008; Nersession, 2002) and also 
contradicts previously published observations (Krell et  al., 2014). Specifically, it 
was surprising to find that there was no significant relationship between spatial 
intelligence and modelling processes (Table 18.3), as spatial transformation abilities 
have been proposed as one of the essential prerequisites for modelling (Nersessian, 
2002). In general, our findings suggest that low GCA scores do not impose any 
constraints with respect to the complexity and homogeneity of modelling processes, 
at least among the 36 pre-service biology teachers who participated in this study. In 
fact, a statistically significant negative relationship between the time of engagement 
in analogy development and GCA was found (Table 18.3). However, this finding 
might suggest that participants with lower GCA require more time to develop 
appropriate analogies compared to participants with higher GCA.

Furthermore, the present results for both SRC and GCA taken together with 
previous results regarding creativity (Demirhan & Şahin, 2019; Mierdel & Bogner, 
2019) might suggest that modelling processes are connected to entirely different 
abilities than those that have been theoretically conceptualized thus far. Earlier 
work has shown that creative strategies are important for scientists’ ability to per-
form modelling (Bailer-Jones, 1999), although this was not found to be the case for 
students and teachers (Demirhan & Şahin, 2019; Mierdel & Bogner, 2019). This 
example might indicate that conceptually related constructs such as creativity and 
spatial intelligence could be important dispositions for modelling, depending on the 
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modelling problem at hand. While complex modelling problems (e.g. expert model-
ling of extended extragalactic radio sources, Bailer-Jones, 1999) might require such 
dispositions, this might not be the case for simpler modelling problems (e.g. student 
modelling of DNA structure, Mierdel & Bogner, 2019). It is likely that the complex-
ity of a problem and the amount of domain-specific knowledge required for a given 
modelling problem could be mediating factors in this case (Ruppert et al., 2019). 
Hence, the dispositions necessary for solving modelling problems might depend on 
the specific context. Context-dependency has been discussed previously as one fea-
ture of competencies in general (Rychen & Salganik, 2003).

Future studies might build on the findings of the present study with a focus on 
more authentic biological modelling problems. In such studies, modelling problems 
with different complexities should be considered as a means to test the possibility of 
context-dependency as suggested above. Furthermore, motivational and volitional 
effects might be considered, as the present black box investigation was an open and 
rather lengthy task for most of the participants (Nordheimer, 2019).

In conclusion, the present study demonstrates that established assumptions held 
by many science education researchers regarding factors that are positively associ-
ated with the capacity to perform scientific modelling might not be empirically 
valid. These results illustrate the need for critical reflection and for empirical proof 
of all assumptions, even those that are theoretically sound. Our results highlight the 
fact that educational interventions might be specifically designed with the aim of 
fostering modelling competencies, as the development of abilities that are theoreti-
cally related to this goal may not be fully sufficient.
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Chapter 19
The Pitfalls of Using Presentation 
Technology in the Biology Classroom

Andrej Šorgo and Vida Lang

19.1  Introduction

The introduction of digital instructional technologies into classrooms has impacted 
biology education in many ways (Bognar, 2016; Kirkup, & Kirkwood, 2005; 
Pevzner, & Shamir, 2009), resulting in a mix of traditional and digital technologies 
used in the classroom (Livingstone, 2012). Slovenian schools are well equipped 
with both digital and traditional technologies, and all schools and most classrooms 
have access to the Internet. In addition, almost every lower secondary and general 
upper secondary school has a specialized biology classroom, most of which are 
equipped with a stationary or mobile computer along with a projector or i-board. 
Many schools are also equipped with data loggers along with traditional equipment 
for laboratory work, which is mandatory (Šorgo, & Špernjak, 2012). However, even 
if a classroom is fully equipped with digital technology, it is at the discretion and 
autonomy of the teacher to use it or not (Šorgo et al., 2010; Šorgo, & Špernjak, 2012).

Because PowerPoint (PPT) allows for the compilation of a range of multimedia 
formats into a single file, it has become the gold standard for presentations from 
elementary school to university (Adams, 2006; Baker et al., 2018) and has trans-
formed not only the format but also the pedagogy of presentations (Adams, 2010; 
Stoner, 2007). Almost immediately after the introduction of PPT in 1987, it was 
already being praised by some and heavily criticized by others (Kernbach et al., 
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2015; Stoner, 2007). For example, Adams (2006) recognized PPT as a “killer app” 
that displaced several other teaching practices. Szabo, & Hastings (2000) wrote:

It is suggested that the efficacy of PowerPoint lecturing may be case specific rather than 
universal (p.175).

In the field of biology education, studies on the use of PPT are under-represented 
below the undergraduate level, even though biology relies heavily on visualization 
(O’Day, 2006). The results of comparative studies between PPT-based biology 
instruction and more traditional instruction provided mixed results and appear to be 
context dependent. Adebanjo (2020) reported a positive impact of using PPT, while 
Prokop et  al. (2016) reported negative results. As far as we know, there are no 
Slovenian studies on the effectiveness of PPT in biology classes.

19.2  Aims and Scope of the Research

As with any other technology or teaching method, Slovenian teachers are com-
pletely free to use PPT (or any other presentation technology) or not. Since presen-
tations can be prepared at home, which is a great incentive for the introduction and 
use of an ICT application in school (Šorgo et al., 2010), PPT has recently been used 
regularly by most, if not all, biology teachers in Slovenia (Špernjak, 2014). However, 
studies from the students’ perspective on PPT in biology classrooms are completely 
lacking.

The research was conducted as an exploratory study with the aim of determining 
the status of ICT-based multimedia use (PPT) in lower secondary school biology 
classes and its position among traditional (e.g. wallcharts and living organisms) and 
computer-based technologies and applications such as computer games. The inten-
tion was to use the results as a basis for possible evidence-based interventions in the 
classroom by matching teachers’ use of multimedia with their students’ views of 
multimedia use. We hypothesize that better use of presentations based on student 
feedback can lead to a better learning environment and better learning outcomes.

The research questions were as follows:

RQ1: How often are students exposed to traditional and computer-based instruc-
tional technologies in the biology classroom?

RQ2: How often are different multimedia formats used in the biology lessons?
RQ3: What are teachers’ classroom practices when using PPT or similar applica-

tions in biology classrooms?
RQ4: What are students’ opinions about the format and use of PPT in biology 

classes?
RQ5: From the students’ point of view, what can be done to make biology more 

interesting?
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19.3  Research Methodology

19.3.1  Instruments

Data were collected in the form of an online survey distributed to lower secondary 
students. The scales and items of interest are listed in the tables in the Findings sec-
tion. When students were asked about frequency, the response format was a 5-point 
scale (1 = never; 2 = less than ¼ of lessons; 3 = between ¼ and ½ of lessons; 4 = 
between ½ and ¾ of lessons; 5 = in more than ¾ of lessons). When students were 
asked their opinion, the response format was a 7-point scale with anchors at 1 = 
completely agree; and 7 = completely disagree, with 4 as the midpoint of the scale.

19.3.2  Sample and Sampling

The sample population were lower secondary school students from the last two 
years of Slovenian 9-year compulsory primary and lower secondary unified school 
(about 40,000 students). We collected responses from 643 respondents (51% boys), 
and 610 (94/9%) answered all questions. The questionnaire was compiled as an 
online application. A request for assistance was sent to all Slovenian biology teach-
ers. We received positive responses from 26 teachers who allowed their students to 
complete the questionnaire or provided them with a link to the questionnaire.

19.3.3  Data Analysis

The analysis followed the well-known methodology of descriptive statistics (Field, 
2009). The most frequent responses (mode), means, and Standard Deviations are 
given as measures of central tendencies.

19.4  Findings

19.4.1  Frequency of Use of Instructional Technologies 
and Multimedia Formats in Biology Lessons

Students were instructed to indicate a frequency for the use of traditional and 
computer- assisted instructional technologies in the biology lessons on a scale rang-
ing from never (1) to in more than ¾ of the lessons (5) (Tables 19.1 and 19.2).

Using the measures of central tendencies calculated from the student reports 
(Table 19.1), it can be seen that a projector connected to a computer has become the 
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dominant experience of instructional technology in biology classes for the majority 
of students. Green or white boards are becoming less important but are still fre-
quently used, while all other technologies are used only occasionally or even never 
in most cases.

From the measures of central tendencies in Table 19.2, it can be seen that PPT 
has become the dominant multimedia instructional format in biology classes, along 
with e-textbooks. Computer games are almost never used, while videos and quizzes 
are used only occasionally.

19.4.2  Instructional Practices Among Teachers When Using 
PPT in Biology Lessons

Students were asked about the practices they experienced from teachers when using 
PPT on a one-to-five frequency scale ranging from “never” (1) to “in more than ¾ 
of lessons” (5). It was stressed to the students that they should provide answers 
related only to Biology. Results are presented in Table 19.3.

Table 19.1 Student-reported frequency of use of traditional and computer-based instructional 
technologies in biology lessons

Instructional technology Mode Mean SD

Projector connected to computer 5 4.50 0.94
Green- or white-board 5 3.59 1.30
Wallcharts or posters 2 2.84 1.16
3-D models 2 2.42 1.04
Living organisms or their parts 2 2.35 1.14
i-board 1 2.55 1.73
Camera, connected to the computer 1 1.62 1.16
Overhead projector 1 1.61 0.87
Computer with data-logger 1 1.51 0.86
Tablet 1 1.37 0.88
Smart phone 1 1.32 0.84

Note. Results are given by decreasing modes

Table 19.2 Student-reported frequency of use of digital multimedia formats in biology lessons

A teacher in biology lessons uses Mode Mean SD

PowerPoint or similar program 5 4.05 1.10
e-materials / e-textbooks 5 3.51 1.40
videos / movies 3 3.43 1.07
On-line quizzes or tasks 2 2.17 1.01
Computer games 1 1.35 0.77

Note. Results are given by decreasing means
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From the measures of the central tendencies (Table 19.3) of the student reports, 
it is evident that in the first three places are practices that allow students to copy 
content into their notebooks, which is also given to students in electronic (but not 
printed) form by more than half of the teachers. It is evident that the majority of 
teachers have learned about formats of illustrations and text, but some of them still 
put too much text on slides, and some of them still struggle with computer 
technology.

19.4.3  Students’ Opinions About Their Preferred Format 
and Use of PPT in Biology Lessons

Students were asked about their preferred format and use of PPT.  The response 
format was a 7-point scale (1 – completely agree; 7 – completely disagree). Results 
are presented in Table 19.4. It can be seen (Table 19.4) that the majority of students 
would prefer presentations that are rich in multimedia elements and would prefer 
videos over pictures and both over pure verbal text. They would also prefer active 
applications over static formats. A large majority of students disagree with the state-
ment that: “I’d prefer to see a teacher writing on the board than using a PPT presen-
tation” (Mode = 7); this can be identified as a drive for teachers to use PPT even 
more intensively. A negative side effect of more frequent use and another warning 
sign of increasing student passivity is the finding that nearly 45% agree with the 
following statement, “When a teacher gives a PowerPoint presentation, I just listen 
because I don’t have to take notes.” Knowing that note-taking can positively 

Table 19.3 Measures of central tendencies about students’ experiences with PPT use in 
biology lessons

Statements Mode Mean SD

The teacher provides enough time to transcribe content from the 
presentation.

5 3.97 1.30

The teacher uses PPT for presenting the content of a new topic. 5 3.86 1.20
The teacher expects us to transcribe text from the slides. 5 3.56 1.26
The teacher gives us presentations in electronic form. 5 3.11 1.48
Students present homework using PPT. 2 2.69 1.31
The teacher replaces practical laboratory work with a PPT presentation. 2 2.55 1.24
The teacher uses PPT for knowledge assessment 2 2.40 1.18
The teacher repeatedly has problems when using computer technology. 2 2.40 1.29
There is too much text in presentations. 2 2.19 1.15
The teacher uses PPT for quizzes, assessment or games. 1 2.28 1.19
Figures and text are too small 1 1.81 1.05
The teacher gives us printed presentations. 1 1.74 1.00

Note. Results are given by decreasing means
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influence learning, teachers should design PPT-based lessons to encourage active 
note-taking strategies and limit word-for-word copying from slides, which is com-
mon practice (see Table 19.2).

19.4.4  Students’ Suggestions of What Should Be Done 
to Make Biology More Interesting?

Looking for solutions that would lead to a more interesting biology class, students 
were asked, “What should the teacher do to make biology more interesting?” They 
responded on a scale of 1 to 7, with numbers closer to 1 indicating greater agree-
ment, and mode indicate the most frequently provided answer.

From the results in Table 19.5, it can be seen that there is a wide variation in 
views on what can make teaching more interesting. According to the modes and 
clustering, it is obvious that experimental work and videos/films are at the top of 
the wish list. PPT is still on the “positive” side as a medium of interest and 
slightly behind 3-D models (skeleton, heart, etc.), animation, fieldwork, and live 
materials, but ahead of i-table and traditional multimedia formats and presenta-
tion tools. It also seems that adding explanations is not high on the wish list for 
many students.

Table 19.4 Opinions about preferred format and use of PPT in biology lessons

Statements Mode Mean SD

PowerPoint presentations that include animation and videos of the learning 
topic are more interesting than an explanation where only figures, photos, 
and text are included.

1 3.50 2.27

PowerPoint presentations that include photos and sketches of the learning 
topic are more interesting than an explanation in front of the board.

1 3.60 2.17

I would remember more in class if more animation, photos, sound, and 
movies were included in the presentation.

1 3.60 2.24

I would be happier to study towards testing my knowledge if it took place 
as quizzes and games.

1 3.60 2.14

PowerPoint is useful and interesting because it makes it easier to follow 
lessons.

1 3.64 2.12

I am very happy when a teacher uses PowerPoint instead of writing on the 
board.

1 3.66 2.20

Teacher’s PowerPoints are more useful than a textbook, as PowerPoint also 
includes clips and animations.

1 3.70 2.15

When a teacher has a PowerPoint presentation, I just listen because I don’t 
have to take notes.

4 3.84 2.00

I’d rather have a teacher write on a whiteboard than use a PowerPoint 
presentation.

7 4.28 2.29

PowerPoint presentations that include only text without photos and 
animation are more interesting, because I can more easily follow the lesson.

7 4.50 2.40

Note: Results are sorted by increasing modes
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19.5  Conclusions

Combining the results from Tables 19.1 and 19.2, it appears that a computer 
equipped with a projector that enables the presentation of predominantly PPT-based 
presentations, along with a whiteboard/greenboard, are students’ dominant experi-
ences with instructional technology. The results confirm previous findings (Šorgo 
et al., 2010) that essentially all biology teachers use digital technology, most often 
for presentations, word processing, web browsing, and email. However, even if 
teachers use digital technology on a daily basis, this does not mean that they allow 
all available digital tools in the classroom. The evidence is found at the bottom of 
the column, where digital devices and apps that are never or rarely used, such as 
smartphones, tablets, and data loggers, are positioned. Even an outdated overhead 
projector is used more often than Moodle or computer games. It seems that tradi-
tional tools such as models, living organisms or their parts and wallcharts have lost 
the battle with PPT. The limited use of models and organisms or their parts is par-
ticularly concerning because, after all, biology is a science that deals with living 
things, and they are, by default, three-dimensional. After recognizing that labora-
tory and experimental work is key to science and science education, and that com-
puters equipped with data loggers may have advantages in some types of biology 
laboratories (Šorgo et al., 2010; Špernjak & Šorgo, 2018), the use of data loggers is 
below acceptable levels.

Inspecting Table 19.3, it is easy to see that teachers replaced black (green, white) 
boards and transparencies with PPT transparencies. We cannot say whether in some 
or most lessons PPTs are accompanied by lively classroom discussion, but the fig-
ures tell us that students are most often allowed (or even expected) to transcribe 
content from presentations into their notebooks. Transcribing text or tracing num-
bers is hardly recognizable as anything other than simple memorization. A 

Table 19.5 Results of descriptive analysis of students’ suggestions how to make biology more 
interesting

Instructional technology Mode Mean SD

3-D models (skeleton, heart, etc.) 1 3.37 2.31
Animations 1 3.43 2.45
Videos / movies 1 3.48 2.60
Experimental work 1 3.50 2.60
Field work 1 3.52 2.40
Live materials 1 3.58 2.34
PowerPoint 1 3.64 2.31
i – table 1 3.84 2.26
Posters 4 3.80 1.82
More explanation 4 3.87 1.96
Green- or white-board 4 4.04 2.01
Overhead projector 7 4.01 2.22

Note. Results are ordered by increasing mode
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dangerous sign is that teachers at least occasionally transcribe lab work into PPT 
format. It seems that most teachers have at least occasional problems with ICT but 
have learned the lesson that numbers and fonts in presentation should be large 
enough; however, they still forget not to put too much text on a slide. Assessment, 
quizzes, and games are not commonly used in biology lessons. It was interesting to 
see that at least with some teachers and at least occasionally PPT is already used as 
a presentation tool for homework and in student presentations. This finding raises 
some questions about where and when students learned to use PPT, since the acqui-
sition of computer-based presentation skills is not part of the official curricula at this 
school level.

Several conclusions can be drawn from the results presented in the tables in the 
Findings section. The first is that PPT has become the ubiquitous program used in 
almost every biology class. Since the presentation of PPT can be anything from 
simple text to rich multimedia presentations, this finding in itself cannot necessarily 
be seen as a bad thing (Babik, & Luther, 2020; O’Day, 2006) as long as we recog-
nize that PPT is well on its way to becoming a “killer app” (Adams, 2006). Among 
students, it is an option preferred over traditional blackboard or whiteboard instruc-
tion. However, if students are asked, they would prefer active methods with real 
objects over multimedia, which is used by most teachers as a delivery medium. As 
it turns out, PPTs are used by teachers as a summary of what is to be copied and 
memorized, which contradicts the suggestions for active and engaging lectures 
(Moravec et al., 2010).

It is impossible to suppress PPT in the classroom, and there is no reason to try. It 
can be considered an effective tool that allows combinations of different formats in 
one file that can be easily transferred between home and school. It also allows the 
use of presentations offered by publishers and accompanying textbooks, or even 
articles with wonderful slides, clips and movies, which makes the lessons more 
interesting and livelier (Moravec et al., 2010; O’Day, 2006). On the other hand, PPT 
can also encourage misuse of the format to promote dull, lifeless, and boring biol-
ogy lessons (Tranter, 2004).

From this it can be deduced for practice that there is no reason to suppress the use 
of PPT, however not as a central medium for transcribing the material to be learned, 
but as a supporting tool for the graphic representation of images of objects and pro-
cesses that cannot be presented in the classroom for practical reasons.

The main limitation of the study was participation, which was voluntary for 
teachers as promoters and students as respondents. Thus, although complete ano-
nymity was assured, teachers were gatekeepers between the researchers and the 
students. While the sample of student opinions can be considered representative, an 
unknown number of students provided data on the behaviour of the same teacher.

Another problem that can reduce the usefulness of comparative studies from dif-
ferent years is the term PPT itself. A presentation can be anything from a string of 
simple text to a highly complex structure consisting of numbers, charts, voice mes-
sages, video clips, animations, etc. (Bartsch, & Cobern, 2003), with new capabili-
ties being added to the toolbox with each new version (Baker et al., 2018). Due to 
the dynamic nature of technology, many findings have only short-term value due to 
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rapid development (e.g. Mehlinger, 1996). Therefore, the utility and impact of dif-
ferent modes and options for PPT presentations should be tested regularly, not only 
as large-scale studies, but also as part of practitioners’ small-scale instructional 
research that promotes better evidence-based instructional outcomes (Šorgo, & 
Heric, 2020).
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Chapter 20
Human Reproduction in Greek Secondary 
Education Textbooks (1870s to Present)

Georgios Ampatzidis and Anastasia Armeni

20.1  Introduction

Most children have already built a basic understanding of human reproduction by 
the age of 11 years (Driver et al., 1994). However, research with students of differ-
ent ages shows that they demonstrate limited knowledge in regards to certain aspects 
of sex and reproduction such as the reproductive physiology and anatomy 
(Ampatzidis et  al., 2019), the menstrual cycle (Yip, 1998) and sexual health 
(Bolshakova et al., 2020; Westwood & Mullan, 2006). Poor knowledge concerning 
human reproduction has been linked with risks such as sexually transmitted dis-
eases and unintended pregnancies (Donati et al., 2000; Sydsjö et al., 2006), while a 
strong understanding of sex and reproduction issues seems to delay the age when 
students become sexually active. Moreover, when students become sexually active, 
they are more likely to adopt practices that protect their sexual health (Walker & 
Milton, 2006).

Several informal sources are considered to help students build their understanding 
and develop the attitudes that would help them make informed decisions concerning 
their sexual lives - these include their parents, other family members, their peers, 
churches and media (Milton, 2003; Valois et al., 1995). Informal sources seem to be 
important; Sydsjö et al. (2006), investigating students in Sweden aged 13-25 years 
old, report that among different sources of information (namely school, television, 
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friends, parents, siblings, healthcare personnel, books, internet, newspapers and 
magazines) their respondents were most pleased with answers provided by their 
friends when it came to sexual and reproductive matters. However, the authors also 
report that the most frequently used source of information among their respondents 
was school (Sydsjö et al., 2006).

It is argued that however helpful an informal source of information may be, most 
young people build understanding on sex and reproduction mainly through school 
education (Westwood & Mullan, 2006). In many cases sex education topics are 
introduced already in primary school (McKay et al., 2017; Milton, 2003) and they 
are considered a valued part of school education (Milton et al., 2001). On the other 
hand, school education largely relies on the use of textbooks since they play a cen-
tral role in teaching and learning (Gerouki, 2008). Weiss et al. (2001) mention that 
textbooks are used by over 90% of secondary science teachers in USA in order to 
support them in planning and delivering instruction while Abd-El-Khalick et  al. 
(2008) note that textbooks may determine, to a degree larger than is wanted by edu-
cators, what is taught and learned in the classroom.

Thus, it seems that school education, which relies considerably on the use of 
textbooks, plays a crucial role in advancing students’ understanding of human 
reproduction. Considering also the fact that abortion rates are considerably high in 
Greece (Ioannidi-Kapolou, 2004), while only a small percentage of people 16–45 
years old appear well-informed concerning contraception (Tountas et al., 2004), we 
decided to explore the units of Greek secondary education textbooks that deal with 
human reproduction with regard to: (a) reproductive anatomy, (b) reproductive 
physiology, (c) reproductive health and (d) sexual behaviour. Our research covers a 
period from the late nineteenth century to present, in order to detect possible differ-
ences across decades related, for instance, to (i) scientific advancements, and (ii) 
ideas about sexuality. We investigate how changes in scientific knowledge and ideas 
about sex and reproduction are reflected in relevant Greek secondary education text-
books from the 1870s to present in order to discuss how textbooks have contributed 
in the building of a meaningful understanding of reproduction.

20.2  Methods

Access to old textbooks was achieved through the historic collection of the Greek 
Institute of Educational Policy. The institute’s website includes a database of digi-
talized versions of Greek textbooks from the 1820s to the 1980s, which can be 
browsed based on specific criteria (i.e. date, language, education level and course). 
We performed a query for biology and anthropology textbooks of secondary educa-
tion written in Greek, regardless of the date. ‘Anthropology’ was used as a name of 
courses used from the nineteenth century till the 1990s that dealt mostly with human 
biology (i.e. different organs and systems of the human body). Our query was per-
formed in September 2019 and it resulted in 107 e-books, which we reviewed along 
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with 6 biology books in use during the school year 2019–2020, in search of units of 
human reproduction.

Some books included information concerning mammal, or more generally, 
animal reproduction without treating human reproduction as a special subunit; such 
books were not analyzed. For example, in ‘General Biology Lessons for the 3rd 
grade of Lyceum’ (Krimpas & Kalopisis, 1977) there is a unit about reproduction 
which deals with sexual reproduction (through the example of plants) and asexual 
reproduction, but human reproduction is not treated as a special subunit. Humans 
are mentioned in some cases – for instance, there is a picture of a human egg being 
fertilized by human sperm – but the authors generally refer to groups of organisms 
such as mammals, vertebrates or ‘organisms that reproduce sexually’ to describe 
sperm and egg production, meiosis and fertilization. In ‘Genetics for the 1st grade 
of Technical Vocational School’ (Yfoulis, 1978) there is a unit about reproduction 
which contains a subunit entitled ‘Fertilization and life cycles in humans and ani-
mals’; again, humans are mentioned as part of a bigger group of organisms and 
there is not a special mention of human reproduction. Text similar to the two exam-
ples above was not part of the analysis of this study.

Moreover, some of the e-books we reviewed were different editions of the same 
book; in such cases we used for our analysis the version which included most infor-
mation relevant to our study. For example, among the different editions of 
‘Anthropology for the 2nd grade of Lyceum’ that we reviewed (1969, 1970, 1971, 
1972, 1974, 1975, 1976, 1977, 1978, 1979, 1980, 1981) we used the 1977 edition 
(Aspiotis, 1977) for our analysis that has two extra paragraphs comparing to previ-
ous editions; the text does not change in later editions. Finally, some books made no 
reference to the reproductive system, even when other systems were described in 
detail  – as it was the case, for instance, in ‘Human Somatology’ (Sperantzas, 
1966) – and they were of course not analyzed for our research.

Taking into consideration the above, our analysis concerned six textbooks:

 1. Somatological and Psychological Anthropology (Chortakis, 1872) –Κ7 to K12.
 2. Anthropology for the 2nd grade of Lyceum (Aspiotis, 1977) – K11.
 3. Anthropology for the 2nd grade of Gymnasium (Aspiotis, 1980) – K8.
 4. Anthropology for the 2nd grade of Gymnasium (Argyris & Kavouras, 

1981) – K8.
 5. Biology for the 1st grade of Lyceum (Kastorinis et al., 2011) – K10.
 6. Biology for the 1st grade of Gymnasium (Mavrikaki et al., 2017) – K7.

The analysis of the units referring to human reproduction was driven by the 
objectives to present and discuss:

• textbooks’ representations of the reproductive system;
• how questions of human reproduction are dealt with in the textbooks;
• how questions of reproductive health are dealt in the textbooks;
• how questions of sexual behaviour are dealt in the textbooks.

The textual corpus of our study was treated using a coding scheme informed by 
one of the instruments constructed and validated within the project ‘Biology, health 
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and environmental education for better citizenship’, for comparing school textbooks 
of European and African countries (Carvalho & Clément, 2007). More specifically, 
for our coding scheme we draw on the instrument constructed for textbook analysis 
on the topic ‘Human reproduction and sex education’. This is a grid constituted by 
19 categories divided in several subcategories such as reproductive anatomy, repro-
duction (reproductive cells, reproductive hormones, conception, embryonic devel-
opment, etc.), STDs and sexual behaviours (see for instance Bernard et al., 2007). 
Table  20.1 shows our coding scheme after removing empty categories (i.e. only 
categories represented at least in one of the textbooks are shown) and merging/rear-
ranging categories with little content (for instance, ‘sexuality’ and ‘contraception 
methods’ were put together under the ‘sexual behaviour’ category). Each unit of the 
textbooks studied was determined as a unit of analysis and each unit could be coded 
in more than one category. Both authors coded independently textbook-5, which is 
the one including the most information on human reproduction, and the inter-rater 
agreement was over 90%. The cases of disagreement were reviewed and discussed 
by the two coders and the rest of the analysis was carried out by the first author.

We acknowledge the limitations of our study: we argue that by reviewing 113 
books we have illustrated the trends of dealing (or failing to deal) with reproduction 
in Greek textbooks used in biology and anthropology classes from the 1870s to 
present. However, our research may not be considered an exhaustive account of how 
reproduction is represented in Greek secondary education textbooks for all ages 
since – apart from the textbooks currently in use – we have not included textbooks 
that are not part of the historic collection of the Greek Institute of Educational Policy.

Table 20.1 The coding scheme

Representation of 
reproductive system

Reproduction 
stages Hormones

Reproductive 
health

Sexual 
behaviour

Male/female 
reproductive organs 
(MRO/FRO)
• Internal (I)
• External (E)

Sperm 
production (SP)
Egg production 
(EP)
Fertilization (F)
Embryonic 
development 
(ED)

Testosterone (T)
Estradiol (E)
Progesterone (P)
Luteinizing 
hormone (LH)
Follicle 
stimulating 
hormone (FSH)
Human chorionic 
gonadotropin 
(HCG)
Prolactin (Pl)

Sexually 
transmitted 
diseases (STD)
• Gonorrhea (G)
• Syphilis (S)
• HIV
• Hepatitis (H)
• Chlamydia (C)
• HPV infection 
(HPV)
• Herpes (Hp)
• Fungal 
infection (F)
• Pthiriasis (P)
Healthy 
pregnancy (HP)
Infertility (I)
Prenatal 
screening (PS)

Sexuality (S)
Contraception 
methods (CM)
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20.3  Results

As shown in Table  20.2, all textbooks refer at least to some of the organs that 
constitute the male and female reproductive system. It is worth noticing that female 
breasts are considered organs of the female reproductive system in textbook-1:

Breasts are also considered as female genitalia, which are mainly composed of glands 
consisting of lobes. Blood vessels and milk secretory pores terminate at the ends of the 
lobes (Chortakis, 1872, p. 32).

Furthermore, female external genitalia are mentioned only in textbook-5:

The vulva includes mons pubis, labia majora, labia minora and clitoris. (Kastorinis et al., 
2011, p. 205).

Concerning the different stages of reproduction, sperm production is the only event 
described in all six textbooks. Egg production and fertilization are outlined in all 
textbooks apart from textbook-1. Finally, four textbooks include information in 
relation to the embryonic development as well. More specifically:

Table 20.2 Analysis of six textbooks with regard to reproduction content

Textbooks

Representation of 
reproductive 
system

Reproduction 
stages Hormones

Reproductive 
health

Sexual 
behaviour

Textbook-1 
(1872)

MRO (I, E)
FRO (I)

SP

Textbook-2 
(1977)

MRO (I, E)
FRO (I)

SP
EP
F

T
E

STD (G, S) S

Textbook-3
(1980)

MRO (I, E)
FRO (I)

SP
EP
F
ED

T
E

STD (G, S) S

Textbook-4 
(1981)

MRO (I, E)
FRO (I)

SP
EP
F
ED

T
E
P

Textbook-5 
(2011)

MRO (I, E)
FRO (I, E)

SP
EP
F
ED

T
E
P
LH
FSH
HCG
Pl

HP
I
PS
STD (G, S, HIV, 
H, C, HPV, Hp, F, 
P)

CM

Textbook-6 
(2017)

MRO (I, E)
FRO (I)

SP
EP
F
ED

STD (HIV, H)
HP

CM
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• In textbook-3 there is information concerning the embryos’ nurture through the 
umbilical cord and placenta, the origin of human tissues from the three germ lay-
ers (ectoderm, mesoderm and endoderm), the embryos’ features in different 
developmental stages and the birth.

• In textbook-4 there is information concerning the embryos’ features in different 
developmental stages, the embryos’ nurture through the umbilical cord and pla-
centa and the birth.

• In textbook-5 there is information concerning the implantation, the formation of 
the placenta and the embryos’ nurture through the umbilical cord, the embryos’ 
features in different developmental stages and the birth.

• In textbook-6 there is information concerning the embryos’ nurture through the 
umbilical cord and placenta and the birth.

Most textbooks mention testosterone and estradiol as the hormones which induce 
the development of secondary sex characteristics. For example, in textbook-2 
we read:

Testicles and ovaries not only produce sperm and ova respectively; they also secrete 
hormones. Thus, testicles mainly secrete testosterone and ovaries mainly secrete estradiol. 
Sex characteristics also depend on these hormones. (Aspiotis, 1977, p. 151).

In textbook-4, progesterone also appears:

Testicles are the male genitalia. They are the primary genitals, which produce the male 
germ cells that compose the sperm and secrete male, androgenic hormones, such as testos-
terone. (…). The main function of the ovaries is the production of ova, which are female 
germ cells as well as the production of the sex hormones, namely estradiol and progester-
one. (Argyris & Kavouras, 1981, p. 111).

Textbook-5 mentions prolactin, progesterone, luteinizing hormone, follicle 
stimulating hormone and human chorionic gonadotropin as well, since it includes a 
detailed account of hormone level fluctuation during the menstrual cycle and 
pregnancy.

Concerning reproductive health, there are references to STDs in four out of six 
textbooks. Textbook-2 and textbook-3 name gonorrhea and syphilis:

Terrible diseases of the genital system always threaten human. We note only two: gonorrhea 
and syphilis, ultimate complications of which could be blindness and even insanity. 
(Aspiotis, 1977, p. 151).

Textbook-5 refers to a larger list of STDs, while it should be noted that textbook-6 
actually includes a homework assignment for students to search information about 
HIV and hepatitis and ways to prevent them, but it cites no information on the dis-
eases or their prevention.

Textbook-5 and textbook-6 refer to factors that contribute to a healthy pregnancy. 
For instance, in textbook-6 we read:

During pregnancy, development of the fetus and the health of a pregnant woman are affected 
by: 1. Environmental factors: air pollution, pesticides, chemical additives in food, etc. 2. 
Factors related to lifestyle during pregnancy: the pregnant woman should not smoke, con-
sume alcoholic beverages and medicines not recommended by the doctor. A balanced diet 
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and exercise contribute to normal development of the fetus and the good health of the preg-
nant woman. (Mavrikaki et al., 2017, p. 127).

Moreover, textbook-5 makes reference to infertility problems and in  vitro 
fertilization as a procedure for infertile couples to have children. Lastly, textbook-5 
is the only textbook to discuss birth control and various contraception methods as 
ways of family planning, also making connections to STD prevention.

With regard to sexual behaviour, our last axis of analysis, we note that sexuality 
is not directly addressed in any of the textbooks investigated. However it is implied 
in textbook-2 and textbook-3  in which right after introducing STDs, the authors 
discuss how anything different than ‘normal’ related to sexual activity may have a 
negative effect on a person’s education and social status. What follows is the rele-
vant quote from textbook-2:

The genital system exerts a great impact on human psyche. Non-normal tendencies and any 
perversion associated with the genital system are accompanied by severe consequences 
involving an individual’s proper education, social status and advance. (Aspiotis, 1977, 
p. 151).

20.4  Discussion

Reviewing 113 books used in biology and anthropology courses we noticed that 
human reproduction is rarely part of their content. Several books describe sexual 
reproduction through the example of plants or by referring to groups of organisms 
such as organisms that reproduce sexually, mammals and vertebrates (e.g. Krimpas 
& Kalopisis, 1977). In other cases, reproduction is absent: for instance, in 
‘Fundamental Anthropology’ (Eleftheropoulos, 1883) there is a chapter about the 
fluids of the human body, in which the author mentions blood, saliva, bile, tears, 
mucus, earwax, fat, bolus, urine and sweat but he makes no reference to sperm or 
vaginal fluid. Other examples are ‘Human Somatology’ (Sperantzas, 1966) which, 
as already mentioned, makes no reference to the reproductive system, although 
other systems are described in detail (skeletal system, muscular system, digestive 
system, respiratory system, circulatory system, nervous system), and ‘Compact 
Anthropology’ (Kasimis, 1886) where again other systems and organs of the human 
body are mentioned but there are no references to human reproduction.

The reluctance of textbooks’ authors to mention human reproduction may be 
associated with the period of time the textbooks were written, related with taboos 
and restrictions of earlier times (Curran et al., 2009). Actually, the omission of the 
reproductive system concerns mostly the older books we reviewed, with the excep-
tion of textbook-1. On the other hand, the practice of discussing reproduction 
through references to other organisms or big groups of organisms may be related to 
Allen’s (2004) argument that a discourse of desire and erotics has been missing 
from sex education. She claims that textbooks often emphasize the internal parts of 
the reproductive system and ignore the body’s ability for pleasure; for example, the 
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clitoris is often not mentioned and penis is rarely illustrated erect in relevant graph-
ics (Allen, 2004). A missing discourse of erotics seems to be also the case for the 
textbooks we analyzed  - in only one of them female external genitalia are men-
tioned and they all focus on structure and events of reproduction ignoring the plea-
sure involved.

Several authors suggest that pleasure should be included in sex/reproduction 
classes. For example, Wood et al. (2019) argue that an emphasis of sex classes on 
pleasure may lead youngsters to adopt safe sex practices and feel more in control 
when it comes to sexual encounters. Scholer (2002) suggests that describing arousal 
and orgasm is a good way to review the reproductive system anatomy at the end of 
a relevant class. Moreover, she claims that orgasm and arousal should anyway be 
included in classes about reproduction because of their role in procreation: males 
release sperm through orgasm and female orgasm increases the speed of sperm 
transport through the vagina and fallopian tubes through muscular contractions of 
the female reproductive tract (Scholer, 2002).

Concerning the different stages of reproduction, we note that sperm production, 
egg production, fertilization and embryonic development are described in most text-
books (four out of six). The embryonic development is outlined in different ways 
but the embryo’s nurture through the umbilical cord, the role of placenta and the 
delivery are mentioned in all four textbooks. It is noteworthy that while sperm pro-
duction is outlined in textbook-1 there is no information with regard to egg produc-
tion. Textbook-1 also omits information concerning fertilization and embryonic 
development. We should, though, underline the fact that in the period textbook-1 
was written (1872) the understanding of complex procedures such as egg produc-
tion, embryogenesis and fertilization was limited; valuable descriptions of fertiliza-
tion, egg maturation and cleavage were produced in the late nineteenth century 
(Lopata, 2009).

Four out of the six textbooks that we investigated mention some of the hormones 
involved in reproduction. Textbook-1 makes no reference to hormones, as expected, 
since the concept of hormones was introduced in early 1900s (Eaton, 2005). 
Textbook-4 and textbook-5 present testosterone as restricted to men, estradiol as 
restricted to women and both as having sex-restricted functions. These ideas are not 
in accordance with current scientific knowledge but they are accordant with the 
‘sex-dualistic conceptualization of steroid hormones’ which prevailed in early 
twentieth century and seem to be well-established in school science (Nehm & 
Young, 2008). Textbook-2 and textbook-3 argue that mainly testicles release testos-
terone and mainly ovaries release estradiol in an effort to avoid presenting them as 
sex-restricted; however, they do not elaborate on the role of testosterone in females 
and the role of estradiol in males.

Regarding reproductive health, we note that four out of six textbooks mention 
STDs. Actually, textbook-6 contains no information on STDs but its authors engage 
students in researching HIV, hepatitis and prevention methods as a homework. 
Textbook-2 and textbook-3 introduce gonorrhea and syphilis, arguably two of the 
most important STDs at the time they were written. Textbook-5 lists a thorough 
account of STDs mentioning the pathogens and relevant symptoms of men and 
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women while it discusses contraception as a way to prevent STDs and also as a 
means of family planning. Contraception is considered vital for a healthy and risk 
free sexual life and there are many studies exploring different aspects of it, such as 
attitudes towards contraception (e.g. Marshall et al., 2020), the connection between 
practicing contraception and following relevant school subjects (e.g. Bourke et al., 
2014), and developing teaching interventions to support students understanding on 
the usage of contraception methods (Rosenthal, 2010). Nevertheless, only textbook-
 5 includes information on different methods of contraception and textbook-6 sug-
gests students should do their own research on contraception by asking them to 
explore methods of prevention of hepatitis and HIV as homework. Ioannidi-Kapolou 
(2004) argues that Greek education in the early 2000s lacked scientifically accurate 
information on contraception and this had important repercussions for women’s 
lives resulting in unintended pregnancies in many cases. The lack of relevant infor-
mation from education may also be associated with what Tountas et  al., (2004) 
report, namely that only a small percentage of people 16–45 years old appear well 
informed concerning contraception.

Finally, sexuality is considerably absent from the textbooks investigated. Apart 
from a paragraph in textbook-2 and textbook-3 introducing the idea of ‘normal’ in 
sexual activity, no other textbook attempts to contribute to such a discussion. On the 
one hand, we may again argue that a discourse of desire and erotics is missing from 
the textbooks we researched. On the other hand, the introduction of the idea of ‘nor-
mal’ may be linked to what Curran et al. (2009) define as compulsory heterosexual-
ity. Compulsory heterosexuality is not associated only with conceptions and acts 
related to sexuality. It is rather considered a foundational societal and cultural struc-
ture (Herz & Johansson, 2015) and it is strongly linked to heteronormativity, i.e. the 
idea that heterosexuality is the norm in sexuality assuming the status of ‘true’ sexu-
ality on the grounds of male-female biological binary and reproduction (Robinson, 
2005). It is argued that heteronormative school environments – approving hetero-
sexual practices and presuming that students identify themselves as heterosexual – 
contribute to the vulnerability of non-heterosexual students and they potentially 
reduce interaction between teachers and students, impacting the building and appli-
cation of new knowledge (Dinkins & Englert, 2015). Our analysis shows that het-
eronormativity seems to inhere in all textbooks that we explored.

20.5  Conclusion

In our study we focus on textbooks as a reflection of what is taught in the classroom. 
The discussion of our findings suggests certain actions to be taken concerning text-
books currently in use in Greek secondary education, in order to enhance teaching 
and learning of human reproduction. For example, when dealing with sex/reproduc-
tion issues, textbooks should discuss the pleasure involved through introducing the 
physiology of arousal and orgasm. Moreover, a discussion of sexuality should be 
involved; textbooks seem to assume heterosexuality as the norm, reinforcing its 
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dominance in students’ learning environments. Heteronormativity should be 
avoided in order for a more meaningful, inclusive understanding of sex and repro-
duction to be promoted. As a final remark, we note that however important text-
books may be for teaching and learning (Abd-El-Khalick et  al., 2008), teachers 
could supplement limited text and, as Elliott (2003) argues, they may need to when 
it comes to reproduction.
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21.1  Introduction

Genetics has been assigned its own subject matter and development of a complex 
role of holding multiple concepts with complicated relations (Flodin, 2009). The 
didactic transposition of knowledge derived from the genetic research context to the 
genetic educational context is documented as difficult, and leads to both teaching 
and learning obstacles (Flodin, 2009, 2017; Gericke et al., 2014). Often, it has been 
stated in international bibliography that students share severe alternative concep-
tions about genes, at undergraduate and graduate level, with social impact in their 
informed future decisions as citizens (Albuquerque et  al., 2008; Flodin, 2009; 
Gericke et al., 2014). Since textbooks constitute crucial teaching aids and sources 
for students, the inadequacy or inconsistency of textbook discourse about genes 
contributes to difficulties in understanding genetics rather than clarifying the issue 
(Liu & Khine, 2016; Gericke et al., 2014).

A well-known strand of international research in secondary school and university 
science textbook analysis of genetic topics concerns the representations of the gene 
concept and its functions by the five historical gene models: The Mendelian model, 
the Classical model, the Biochemical-Classical model, the Neoclassical model and 
the Modern model. The gene concept, particularly how it was perceived by the 
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scientists during the development of the biology research field, has been described 
as: (1) a trait with physical place (locus), in the Mendelian model and used in 
Mendelian genetics; (2) a nucleotide sequence that provides instructions, is expressed 
and regulated, in the Classical model and usually found in molecular biology; (3) a 
factor or DNA that interacts, moves or duplicates, in the Biochemical- Classical 
model and encountered in genomics; (4) a regulator, thus DNA controls, directs and 
defines a pattern, in the Neoclassical model and used in developmental biology; and 
(5) a marker that can be fixed or added, in the Modern model and is mostly useful in 
population genetics (Gericke & Hagberg, 2007; Gericke & Hagberg, 2010a, b). 
Actually, the genotype gradually separated from the phenotype and the environmen-
tal factors were progressively taken into account with regard to gene function, among 
the historical gene models (Gericke & Hagberg, 2007; Gericke & Hagberg, 2010a, b).

The historical models have been grouped by Gericke and Hagberg (2007) and 
were implemented by those and also other researchers in secondary and university 
biology and chemistry textbooks from different countries, to identify the types of 
gene models used as well as the way they can affect students’ understanding and 
learning (Aivelo & Uitto, 2015; Gericke & Hagberg, 2010a, b; Santos et al., 2012). 
In particular, it has been reported that in Swedish and Brazilian biology textbooks 
the Neoclassical model prevails, while in Finnish biology textbooks the Mendelian 
model is the most common. On the other hand, the Biochemical-Classical model 
dominates in international biology textbooks. In all cases, the elements of the 
Modern model are limited or even absent (Aivelo & Uitto, 2015; Gericke & Hagberg, 
2010a, b; Santos et al., 2012).

Our research focuses on all seven current Greek biology textbooks (Christidou & 
Papadopoulou, 2020). Six of them are being taught in Greek secondary school and 
one textbook is being used in the last grade of Greek primary school. The material 
contains not only direct but also indirect references to the gene concept and its func-
tions, and addresses students aged 13–18. The textbook analysis was based on seven 
predefined groups of epistemological features composing the five historical gene 
models. These mainly describe the relationship between the structure and the func-
tion of the gene, the organizational level and the definition of gene function, the 
genotype and the phenotype, the genetic and the environmental factors. Every sin-
gle epistemological feature variant from each group corresponds to one or more of 
the historical models, but there are also some unclassified features often called non- 
historical (Gericke & Hagberg, 2010a, b; Santos et al., 2012). Some feature variants 
emerged also from our analysis expressing points not mentioned before, which are: 
“The gene and its functions are related to DNA”, “The gene is present in frequen-
cies”, “There is a distinction between genotype and phenotype, with chromosomal 
explanation” (Christidou & Papadopoulou, 2020).

Our previous content analysis has revealed the simultaneous presence of multi-
ple gene models in each one of the seven Greek biology textbooks (Christidou & 
Papadopoulou, 2017a, b). In general, the epistemological feature variants of the 
Biochemical-Classical model have been found to dominate (25.9%), followed by 
those of the Classical model (24.1%), the Neoclassical model (15.9%) and the 
Mendelian model (15.5%). Finally, the presence of the epistemological feature 

A. Christidou et al.



271

variants of the Modern model are limited (9%) (Christidou & Papadopoulou, 2020). 
Additionally, the percentage of appearance of the gene models seemed to be depen-
dent upon the different genetic content. For instance, in topics such as Genetics/
Molecular biology and Biotechnology/Bioethics, the gene concept is presented 
mostly through the characteristics of the Biochemical-Classical model, while in 
Evolution chapters, the Neoclassical model and the Modern model are prevalent for 
describing the gene functions. In glossaries that contain genetic definitions, the 
Classical model prevails (Christidou & Papadopoulou, 2017a, b; Christidou & 
Papadopoulou, 2020).

As follows, there is conceptual variation describing the gene concept and its 
functions in Greek biology textbooks. The conceptual variation has been ascribed 
for describing different meanings of a concept, as is usually the case with the term 
‘gene’, that is the bearer of a large diversity of explanations which relate to each 
biological field (Gericke et al., 2014). Equally important to the above findings, a 
deeper analysis in the composition of the gene models found in the seven Greek 
biology textbooks showed that the conceptual variation of the gene concept and its 
functions is mainly due to the Classical model and the Neoclassical model, which 
appear in the textbooks through their unique epistemological feature variants with 
an equal total percentage of occurrence of 30%. Besides, the prevalent presence of 
the Biochemical-Classical model is in fact mostly based on the epistemological 
feature variants shared with other historical models (approximately 94%). 
Concerning the Mendelian model and the Modern model, they appear almost only 
through their non-exclusive epistemological features (about 90%, each), (Christidou 
& Papadopoulou, 2019a).

There are some interesting key points concluded from the outcomes of the cate-
gorical content analysis in the seven Greek biology textbooks. Some serious con-
cerns arise about the possibility of reinforcing the formation of alternative 
conceptions and misunderstandings by the Greek students. This speculation results 
from the predominance of the Biochemical-Classical model in the analysis material 
that, as known from literature, contains internal inconsistencies concerning the gene 
function and the explanatory reduction (Gericke & Hagberg, 2007). It should also 
be noticed that the conceptual variation found in describing the gene function is 
observed only implicitly in the context of the biology textbooks that may affect 
students’ learning procedure (Gericke et al., 2014). The degraded presence of the 
Modern model in Greek biology textbooks should result in limiting students' knowl-
edge to more outdated conceptions about genes (Aivelo & Uitto, 2015). Moreover, 
deeper analysis in the composition of the present gene models revealed the absence 
of environmental elements in the effect of gene function that could direct students 
to strong deterministic views (Gericke et al., 2014).

Therefore, there is a further need of research in the Greek biology textbooks 
from another perspective regarding the emphasis on the presence of multiple gene 
models, their cohesion and their possible contribution to didactic problems. For this 
purpose, the genetic content was analyzed at the level of lexicogrammar and then 
the outcomes from both aspects of study were combined. In this study, critical dis-
course analysis is applied to specific texts with similar genetic content of the Greek 
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biology textbooks. The aim of the study is to examine how the parallel presence of 
multiple gene models already found in Greek biology textbooks, which is a poten-
tial source of alternative conceptions formed by students, is actually reflected in the 
cohesion and coherence of the genetic meanings, and how it is differentiated among 
textbooks in junior high school and high school.

21.2  Methodology

In order to examine the influence of the multiple gene models in Greek biology 
textbooks on the cohesion and the coherence of the genetic content, the relations 
between the paragraphs as written by the authors and the succession of the present 
gene models were initially investigated in three selective and similar subjects 
regarding genetics in junior high school and high school biology textbooks. In other 
words, the application of the critical discourse analysis attempted to reveal the type 
of transition of information from one paragraph to the next.

Hence, the chosen content analysis material includes three representative chap-
ters of similar individual topics regarding genetics among the biology textbooks 
used in the 2nd – 3rd grade of junior high school, indicated from now on as Textbook 
1, and in the 3rd grade of high school, indicated from now on as Textbook 2. The 
latter is part of studying for university entry exams. As shown in Table 21.1, the 
analyzed chapters in this study cover three subjects that concern gene function and 
regulation, Mendelian inheritance and mutations. Both textbooks deal extensively 
with genetics.

Specifically, the analyzed chapters from Textbook 1 are:

Chapter 5.2 – The flow of genetic information, covering 3 pages, Chapter 5.5 – 
Inheritance, covering 3 pages, and

Chapter 5.6 – Mutations, covering 1 page.

The chapters from Textbook 2 are:

Chapter 2 – Expression of genetic information & Gene regulation: Control of gene 
regulation, covering 5 pages,

Chapter 5 – Mendelian inheritance, covering 14 pages, and
Chapter 6 – Mutations, covering 13 pages.

Table 21.1 The chapters from the biology textbooks for the 2nd – 3rd grade of junior high school 
(Textbook 1), and for the 3rd grade of high school (Textbook 2), which were chosen as the content 
analysis material

Textbook 1 Textbook 2

Chapter 5.2. The flow of genetic 
information

Chapter 2. Expression of genetic information & Gene 
regulation: Contro of gene regulation

Chapter 5.5. Inheritance Chapter 5. Mendelian inheritance
Chapter 5.6. Mutations Chapter 6. Mutations
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Each paragraph can be an autonomous, meaningful piece of text and has been 
attributed some epistemological feature variants as shown in the analysis above. The 
paragraphs are in the book chapters and were used as the unit of analysis.

The critical discourse analysis adopted in our research, is based on the theory of 
systemic functional grammar developed by Halliday and focuses on textual meta-
function of meaning on the level of lexicogrammar (Knain, 2001). On this level, 
there are three metafunctions of meaning, namely ideational, interpersonal and tex-
tual meaning. Those are realized in transitivity, mood system/structure and theme- 
rheme, respectively, in which clauses are used as representation, exchanging and 
message (Ngongo, 2018). Critical discourse analysis is a critical, text-centric analy-
sis tool (Stamou, 2014). This tool of descriptive qualitative analysis is indeed a 
social semiotic approach to language showing how it functions in the context 
(Knain, 2001).

We used the logico-semantic relations that refer to the expansion of the meaning 
of a primary clause. Expansion can be expressed as: 1. an extension, by adding a 
new idea or stating an exception to a primary clause; 2. an elaboration, by repeat-
ing, commenting, simplifying or determining in detail the primary clause; and 3. an 
enhancement, by adding an idea due to circumstances such as time, place, cause, 
condition or even result (Ngongo, 2018). Appropriate transitional words or phrases 
may be used in each case and can be divided into the above types of relations 
(Campbell et al., 1994; Halliday & Hasan, 1976). All of the following transitional 
words and their respective logico-semantic relations that are represented, if they 
were present in the text, should be traced at the beginning of every paragraph of the 
analysis material from Textbook 1 and 2, showing the transitions. To ensure the reli-
ability of the results, analysis was carried out independently by three researchers, 
and in case of disagreement they discussed it until they reached an agreement.

For the extension of a meaning there are additive words or phrases expressing 
addition such as: and, and also, not only, either...(or), but also, as well, or, more-
over, furthermore, in addition, besides, in fact, alternatively. There are adversative 
words or phrases expressing contrast (but, while, whilst, yet, still, however, 
whereas, although), concession (nevertheless, despite, albeit, regardless, for all 
that), dismissal (either way), and replacement (instead, on the contrary, at least). 
Alternatively, there are sequential words or phrases signaling logical sequence such 
as continuation (next, subsequently, afterwards, eventually, previously, before) 
(Halliday & Hasan, 1976).

For the elaboration of a meaning there are additive words or phrases expressing 
introduction (such as, particularly, for example, for instance, especially, notably), 
reference (considering, regarding, concerning), similarity to other ideas (similarly, 
equally, in the same way), identification (that is, namely, specifically, thus) and 
clarification (that is to say, in other words). There are adversative words or phrases 
signaling emphasis (even more, above all, indeed), causal words or phrases show-
ing respective (in this respect, here, apart from this) and sequential words or phrases 
representing resumption (to resume, to get back to the point), conclusion (to con-
clude, eventually, finally, at last), digression (to change the topic, incidentally, by 
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the way) and summation (in summary, all in all, overall, on the whole, in conclu-
sion, ultimately, altogether) (Halliday & Hasan, 1976).

Hereafter, for the enhancement of a meaning there are causal words or phrases 
expressing cause/reason (because, as, since, for, due to, to the extent that), condi-
tion (on condition that, if, provided that, even if), effect /result (as a result, conse-
quently, hence, thus, therefore, accordingly), purpose (so that, in order to, so as to, 
for the purpose of, with this intention), and consequence (then, in that case, other-
wise, under the circumstances). Further, there are sequential words or phrases sig-
naling chronological sequence such as ordinal (initially, in the first place, to start 
with, originally, at first, secondly) (Halliday & Hasan, 1976).

21.3  Results

In this study, when critical discourse analysis was applied to three dominant and 
representative chapters from Textbook 1 and Textbook 2, all with similar genetic 
topics, we found that there was some variety in logico-semantic relations among the 
paragraphs and their gene models. However, the most common transition found is 
the extension. The outcomes of critical discourse analysis are presented selectively 
in Tables 21.2, 21.3 and 21.4 only for the exact corresponding paragraphs of these 
chapters, facilitating, in this way, the comparison of the resulting relations.

For the topic “The flow of genetic information”, there are four corresponding 
paragraphs in the two textbooks: Genetic information and replication, Stages of 
transcription, Definition of the gene concept, and The central dogma of biology. As 
shown in Table 21.2, three extensions including two additions and one opposition, 
in addition to one elaboration of the primary meaning expressed as summation, 
were found in Textbook 1. These logico-semantic relations depict the transition 
from one paragraph to the following one, as well as the kind of sequence of the gene 
models that are present. The corresponding paragraphs of Textbook 2, and the gene 
models found to describe the flow of genetic information, are linked with three 
elaborations of the primary meaning expressed as exemplification and summation, 
two extensions as additions and one temporal enhancement. Τhe exact matching 
among the two textbooks is shown in Τable 2, which is divided into two sections 
respectively. Each section has three columns. The first column of each section pres-
ents the excerpt from the beginning of each paragraph in which the logico-semantic 
relations are examined. In the second column of each section, the logico-semantic 
relations creating the transitions among the paragraphs are found. In the third col-
umn, the historical gene models that represent the gene function in the respective 
paragraph, are shown.

Regarding the topic of “Inheritance”, there are four corresponding paragraphs in 
the two textbooks: Mendel studied inheritance in peas, Definitions of genotype and 
phenotype, Cross-pollination of pea plants, and the 3:1 ratio. In Table  21.3, the 
sequence of the logico-semantic relations among these paragraphs and the gene 
models that represent the topic of inheritance are shown with the exact matching 
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Table 21.2 Comparative analysis among the paragraphs of similar content from the chapter: “The 
flow of genetic information” in the two Greek biology textbooks

“The flow of genetic information”
Textbook 1: Chapter 5.2 Textbook 2: Chapter 2

Excerpt

Logico- 
semantic 
relations

Historical 
models Excerpt

Logico-semantic 
relations

Historical 
models

Paragraph: Genetic information and replication
“DNA of every 
cell contains 
genetic 
information 
that is 
necessary for 
its structure 
and 
function...”

Extension 
(and)

Neoclassical 
model

“DNA of an 
organism is the 
molecular “hard 
disk drive” that 
contains stored 
precise 
instructions, 
which determine 
the structure 
and function of 
the organism ...”

Elaboration 
(exemplification)

Neoclassical 
model

Paragraph: Stages of transcription
“The mRNA 
that is 
synthesized 
must contain 
the genetic 
information 
about the 
amino acid 
sequence of 
that particular 
protein... “

Extension 
(and)

Biochemical 
model
Neoclassical 
model
Modem 
model

“All cells of a 
multicellular 
organism have 
the same 
DNA...”

Extension (and) Mendelian 
model 
Biochemical 
model 
Neoclassical 
model 
Modem 
model

“At the 
initiation of 
transcription of 
a gene, RNA 
polymerase 
binds to the 
promoter and 
causes local 
unwinding of 
the double- 
stranded 
DNA...”

Temporal 
enhancement

Neoclassical 
model 
Modem 
model

Paragraph: Definition of the gene concept
“But 
transcription 
does not only 
produce 
mRNA...”

Extension 
(but)

Mendelian 
model
Biochemical 
model
Neoclassical 
model
Modern 
model

“The haploid 
human genome 
has 3×109 base 
pairs. Of this, a 
small 
percentage is 
transcribed into 
DNA, that is 
genes.”

Extension (and) Neoclassical 
model

(continued)
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among the two textbooks, in the same way as explained above for Table 21.2. In 
Textbook 1, there are two elaborations expressed as exemplification and summa-
tion, one extension expressed as addition and one enhancement transition expressed 
as consequence. Moreover, in Textbook 2, two extensions with additional meaning 
and two temporal enhancements are detected.

For the topic “Mutations”, there are three corresponding paragraphs in the two 
textbooks: Definition of mutations, Gene and chromosomal mutations and Genetic 
diversity. Similarly, the comparative analysis of transitions among the paragraphs in 
the two Greek biology textbooks and their gene models that represent the gene func-
tion in this topic is indicated in Table 21.4. In Textbook 1, one additional extension 
and one oppositional extension are found as well as a consequential transition of 
enhancement and an exemplification transition of elaboration. Furthermore, the 
analysis of Textbook 2 showed that the transitions occur as two additional and one 
oppositional extensions, and also one elaboration with summation.

Table 21.2 (continued)

“The flow of genetic information”
Textbook 1: Chapter 5.2 Textbook 2: Chapter 2

Excerpt

Logico- 
semantic 
relations

Historical 
models Excerpt

Logico-semantic 
relations

Historical 
models

Paragraph: The central dogma of biology
“The 
processes of 
copying, 
transcription 
and 
translation are 
done with the 
help of special 
enzymes. 
These 
processes are 
summarized in 
the central 
dogma of 
biology...”

Elaboration 
(summation)

Biochemical 
model
Neoclassical 
model

“This 
relationship is 
summarized in 
the following 
figure, where the 
arrows indicate 
the direction of 
transfer of 
genetic 
information...”

Elaboration 
summation)

Neoclassical 
model

“This pattern is 
the central 
dogma of 
molecular 
biology as it 
was named by 
F. Crick (1958) 
...”

Elaboration 
(exemplification)

Mendelian 
model 
Biochemical 
model 
Neoclassical 
model 
Modem 
model
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Table 21.3 Comparative analysis among the paragraphs of similar content from the chapter: 
“Inheritance” in the two Greek biology textbooks

“Inheritance”
Textbook 1: Chapter 5.5 Textbook 2: Chapter 5

Excerpt
Logico-semantic 
relations

Historical 
models Excerpt

Logico- 
semantic 
relations

Historical 
models

Paragraph: Mendel studied inheritance in peas
“Mendel studied 
extensively the 
way in which the 
characteristics of 
organisms are 
inherited...”

Elaboration 
(summation)

Mendelian 
model

“When 
Mendel 
crossed pure 
short plants 
with pure tall 
plants, he 
found that all 
plants of the 
F 1 
generation 
were tall ...”

Temporal 
enhancement

Mendelian 
model

Paragraph: Definitions of genotype and phenotype
“Our 
characteristics 
are determined by 
genes found on 
homologous 
chromosomes...”

Extension (and) Mendelian 
model
Classical 
model
Biochemical 
model

“A person 
with the 
same alleles 
of a certain 
gene for ci 
particular 
trait is 
homozygous 
for that 
trait...”

Extension 
(and)

Mendelian 
model 
Classical 
model 
Biochemical 
model

Paragraph: Cross-pollination of pea plants
“If we denote by 
the predominant 
allele for brown 
eyes and by m the 
recessive allele 
for blue, then: ...”

Elaboration 
(exemplification)

Mendelian 
model
Biochemical 
model
Neoclassical 
model
Modem 
model

“Mendel 
crossed short 
(ΨΨ) plants 
with tall 
(ΨΨ) 
plants...”

Extension 
(and)

Classical 
model

Paragraph 3:1 ratio
“Therefore, the 
probability of 
giving birth to a 
child with blue 
eyes is 25% (1/4), 
while with brown 
eyes 75% (3/4), 
end this will 
apply every time 
a zygote is 
created...”

Enhancement 
(consequence)

Classical 
model

“Then, he 
crossed the 
F1 
generation' 
plants with 
each other 
...”

Temporal 
enhancement

Mendelian 
model 
Classical 
model 
Biochemical 
model 
Neoclassical 
model
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21.4  Conclusions

From the critical discourse analysis applied in the whole of Textbook 1, it seems 
that the text flows without any obvious problems in the use of speech according to 
transitions among the paragraphs, as in most cases the new information is added 
sequentially – mostly by extensions. The addition or removal of the gene models in 
the text indeed happens without particular contradictions, since there are only spo-
radic contrasts in transitions. It seems that the gene models and all the information 
are added cumulatively to students’ knowledge. This is also shown in the individual 
outcomes presented above (Tables 21.2, 21.3, and 21.4), particularly for Textbook 
1. In Textbook 2, the critical discourse analysis applied to the whole text of the 
textbook proved a greater variety of logico-semantic relations, reflecting the more 
complex scientific information transformed into school knowledge in higher school 
grades (Christidou & Papadopoulou, 2019b). The sequence of the gene models in 
the specific chapters referred to previously (Tables 21.2, 21.3 and 21.4), as generally 
in Textbook 2, also seems complementary in their genetic meanings. What is meant 
by ‘complementary’ is that the gene models contribute to the sequence and the addi-
tion of knowledge included in the paragraphs of these biology textbooks.

A different perspective on the presence and connection of the gene models is 
reflected in this study. At the level of lexicogrammar, the critical discourse analysis 
in the genetic content of the two selected Greek biology textbooks, shows that the 
genetic meanings are coherent and follow one another in a natural way. Accordingly, 
the multiple gene models found in these texts are connected to each other through 
logico-semantic relations, basically without any contrast relations being used. 
Consequently, triggering students’ alternative conceptions is less likely. Moreover, 
the research outcomes reveal that the authors might have been unaware of the his-
torical gene models, which are only implicitly presented in Greek biology textbooks.

It is remarkable that the various gene concepts could be useful in different bio-
logical research fields, fulfilling several suitable purposes such as treating the gene 
as a trait, an information-structure, an actor in the cell, a regulator in embryonic 
development, or as a marker for evolutionary change (Flodin, 2009). Thus, genetic 
conceptual variation is necessary and desirable for researchers, especially when dif-
ferent gene concepts act in a complementary rather than an incompatible way 
(Gericke et al., 2014). In genetic education, the conceptual variation originates from 
the presence of multiple gene models, as detected in biology school textbooks of 
many countries (Aivelo & Uitto, 2015; Christidou & Papadopoulou, 2017a, b, 
2019a, 2020; Gericke & Hagberg, 2010a, b; Santos et al., 2012). This could bring 
logical inconsistencies, self-contradictions and conceptual incoherence, causing 
concept confusion to students or even unidentifiable alternative conceptions 
(Gericke et al., 2014). In this case, it is proposed that genetic conceptual variation 
should be explicitly addressed in Greek biology textbooks, so both learners and 
teachers identify and realize that gene function could be presented in different ways 
depending on the biological framework (Gericke et al., 2014). It should be obvi-
ously indicated and clearly explained in Greek biology textbooks that the gene 
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concept might differentiate according to the historical model used in each topic, in 
order to transform and convey the scientific information to the readers (Albuquerque 
et  al., 2008). The textbook reader’s notion of the gene models could affect their 
understanding and promote knowledge. Another prerequisite could be the presenta-
tion of the historical development of the gene concept through capturing the history 
of science in Greek biology textbooks. Consequently, when implemented properly, 
conceptual variation also turns out to be a useful tool for teachers and students 
(Gericke et al., 2014).

Nevertheless, in this study when analysis deepened into logico-semantic rela-
tions, the conceptual variation of the gene concept in the two specific Greek biology 
textbooks, did not appear to include notable contradictions regarding the sequence 
and cohesion of the present gene models. This contrasts with the speculation of the 
former findings in Greek biology textbooks, and to the conclusions of Gericke et al., 
2014 for biology textbooks from six other countries. The use of multiple gene mod-
els mostly seems to have an explanatory and complementary role in the text, and 
presumably does not trigger alternative conceptions. This might have happened 
either because the authors of the biology textbooks do not distinguish between the 
differences of gene models, or they are unaware of them. As a consequence, the 
information in textbooks is added mostly as complementary. In a different case, the 
authors may be familiar with the gene models, but for the sake of the didactic trans-
formation they do not choose to refer to them; therefore, the pieces of information 
are being added successively. As the Greek secondary biology textbooks had been 
written before international research introduced the historical gene models in the 
literature, it is not possible that the second case happened.

In conclusion, the findings of this study could be taken into consideration by the 
authors of the Greek biology textbooks for future editions. Future perspectives to 
help clarify the impact of the genetic conceptual variation, could refer to the research 
on conceptions of genetics by Greek students who have previously been exposed to 
the genetic content material of Greek biology textbooks.
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Chapter 22
Children’s Interests and Orientations 
Towards Nature: Views from Young 
Children in England

Richard Sheldrake and Michael Reiss

22.1  Introduction

Supporting and protecting nature are increasing concerns in many countries (United 
Nations, 2015). Science education, biology education, and environmental education 
aim to inspire interest, curiosity, and understanding about the natural world (Royal 
Society of Biology, 2019), which may also help future generations to protect the 
natural environment. Previous research indicates that supporting and protecting 
nature associates with people holding orientations and affinities towards nature 
(often referred to as ‘nature connection’) focused around enjoyment and apprecia-
tion of nature (e.g. Mackay & Schmitt, 2019). However, most of the research has 
only been undertaken with adults. In order to gain new insights, the research pre-
sented here surveyed primary school children (aged between 7 and 10 years) in 
England, and considered what might associate with their enjoyment and apprecia-
tion of nature, sense of oneness with and responsibility towards nature (reflecting 
orientations towards supporting/protecting nature), and other views about nature.

22.1.1  Appreciating, Supporting, and Protecting Nature

Children and young people often value nature, recognise and appreciate the diverse 
experiences that can be possible in nature, and associate natural places with positive 
feelings and/or relaxation (Bonnett & Williams, 1998; Wiens et al., 2016). Primary 
school children in England have particularly conveyed their appreciation of animals 
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and plants (Harvey et  al., 2020). Primary school children in England have also 
expressed concern with the welfare of animals, emphasised that people need the 
environment to live, and conveyed their awareness of environmental concerns 
(Bonnett & Williams, 1998). Children across various other countries have fre-
quently conveyed empathy and sympathy for nature, recognition of dependency 
between people and nature, and recognition of the impacts that people have on 
nature (Aaron & Witt, 2011; Chawla, 2020; Collado et al., 2016; Rios & Menezes, 
2017; Strife, 2012).

Considered from a wider perspective, children across England typically express 
positive affinities and orientations towards nature (e.g. Hughes et al., 2019). These 
affinities/orientations are often referred to as ‘nature connection’ (or equivalent 
terms such as ‘nature relatedness’), and have been considered as aggregations of 
numerous aspects including: inherently valuing experiences of nature and enjoying 
being in nature; feeling in harmony and connected with nature; having affinities 
towards and appreciation of wildlife; feeling a perceived responsibility and sympa-
thy for nature; and/or recognising the importance or value of nature as an aspect of 
someone’s personal identity (e.g. Tam, 2013). Measures of nature connection have 
been found to associate with positive attitudes towards the environment (Mackay & 
Schmitt, 2019) and with actions and behaviours that support/protect the environ-
ment (Diessner et al., 2018).

Children’s nature connection has been found to associate with visiting and/or 
otherwise engaging with nature (e.g. Szczytko et al., 2020). In children and adults, 
nature connection has linked with other activities such as watching wildlife, reading 
books about the natural world, and watching nature-related media (e.g. Hunt et al., 
2017). Children’s reported nature connection has also been found to associate with 
their perceptions of their family’s values towards nature (Cheng & Monroe, 2012). 
Having and/or perceiving more local nature near their home, or otherwise living 
close to nature, has also been found to associate positively with nature connection 
for children and adults (Shanahan et  al., 2017), which highlights the contextual 
importance of having access and/or opportunity to engage with nature. Girls often 
express higher nature connection than boys, and younger children often express 
higher nature connection than older children, although it remains unclear why 
(Hughes et al., 2019; Richardson et al., 2019). It remains unclear whether differ-
ences in children’s views about nature can be completely explained by differences 
in their engagement with nature, and/or whether these difference link with other 
aspects of their lives such as their education.

22.1.2  Interests and Learning About Nature

Research has often focused on orientations towards appreciating, supporting, and 
protecting nature, and less (but some) research has focused on children’s interests 
towards learning about nature. Engaging in informal and/or extra-curricular activi-
ties, such as reading books and watching media about science, links with children’s 
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general interests in science (Bonnette et al., 2019), and children’s interests in biol-
ogy have been found to relate to their experiences in nature and engagement with 
nature-related media (Uitto et al., 2006). Children’s connections to nature (encom-
passing their enjoyment in experiencing nature), previous experiences in nature, and 
family values towards nature have all been found to associate with their interest in 
participating in nature-based activities and their interest in environmentally-friendly 
practices (Cheng & Monroe, 2012). Children’s interest in learning about aspects of 
nature has often been found to have been fostered by outdoor learning experiences 
(Hinds, 2011) and by environmental education programmes (Ballantyne et  al., 
2001). Experiences of outdoor learning have also been found to help develop chil-
dren’s interests and motivations towards specific areas of their studies, such as natu-
ral history (Stern et  al., 2008). Outdoor learning can also provide memorable 
experiences (Dierking & Falk, 1997; Liddicoat & Krasny, 2014), which can some-
times help foster children’s interest in engaging with nature and increase their envi-
ronmental awareness and behaviours to protect/support nature (Liddicoat & Krasny, 
2014). Nevertheless, more insights would benefit education and also wider under-
standing; for example, it remains unclear how children’s views about nature, includ-
ing their interest in learning about nature, relate to their wider views about their 
education, such as their confidence in undertaking their schoolwork and their sense 
of school belonging.

22.1.3  Research Aims

Biology education aims to facilitate children’s interests towards learning about the 
natural world, while environmental education and wider policies across England 
aim to help children to support and protect nature (e.g. Department for Environment, 
Food and Rural Affairs, 2018; Knapp, 2000). Nevertheless, it remains less clear, as 
the above review indicates, what might help foster these various views and behav-
iours. In order to gain new insights, the research presented here surveyed primary 
school children in England.

The research considered the children’s self-reported engagement with various 
activities in daily life and their views about nature and learning. The analysis aimed 
to reveal similarities and/or differences in views and/or reported activities across 
boys and girls. Prior research has highlighted links between gender and views about 
nature; hence the importance of considering this area (Hughes et  al., 2019; 
Richardson et al., 2019).

The analysis then focused on revealing independent predictors of the children’s 
enjoyment/appreciation of nature, empathy/affinity for animals, sense of oneness/
responsibility for nature, and interest in learning about nature. Prior research has not 
concurrently considered children’s views about learning and about nature, so it 
remained unclear whether and/or which views about learning (or other reports from 
children) might associate with children’s views about nature and especially chil-
dren’s interest in learning about nature. This analytical approach also helped to 
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consider whether any observed differences in views across boys and girls might be 
explained by differences in their wider views and/or activities.

22.2  Methods

The research was approved by the ethics committee of the host institution. Children 
in schools and children attending outdoor learning activities at nature reserves and 
wildlife centres in England were invited to participate; parental information sheets 
and consent materials were disseminated and collected via the children’s schools 
and/or by reserve/centre staff. Questionnaires were completed before any activities 
were undertaken, in order to gain insights into children’s general views.

22.2.1  Participants

The research considered the questionnaire responses of 679 children: 356 (52.6%) 
identified as girls and 321 (47.4%) identified as boys. The children were aged 
between 7 and 10 years old (on average, 8 years old), and were based within various 
regions of England.

22.2.2  Questionnaires

A questionnaire was designed to cover a range of areas, encompassing validated 
items and also new items in order to explore under-researched issues. For example, 
the ‘Connection to Nature Index’ questionnaire items (Cheng & Monroe, 2012) 
were included to maximise comparability and contextualisation with prior research; 
other existing (and new) items/questions are detailed in the following sections.

For most items on the questionnaire, children expressed their agreement or dis-
agreement against various statements, with response categories of ‘Strongly dis-
agree’ (scored as 1), ‘Disagree’ (2), ‘Neither agree nor disagree’ (3), ‘Agree’ (4), 
and ‘Strongly agree’ (5).

Some items on the questionnaire were aggregated to provide single indicators 
(‘factors’ or ‘scales’). These indicators were calculated as the arithmetic mean of 
the relevant items. Factor analysis showed that the relevant items could be aggre-
gated into their respective indicators, and acceptable reliability (internal consistency 
across the items) was observed via Cronbach’s alpha coefficients (as reported below).
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22.2.2.1  Children’s Characteristics and Contexts

The questionnaire asked for children’s gender, age, and whether either of their par-
ents (or guardians) went to university. The questionnaire also considered the chil-
dren’s views about their education and school context through indicators of:

• Enjoying and being confident in learning (‘I usually do well in school work’, ‘I 
enjoy learning at school’, and ‘I can do most things at school if I try’; 3 items, 
Cronbach’s alpha = 0.705);

• Sense of belonging at school (‘I feel like I belong at my school’, ‘I get on well 
with my classmates’, and ‘I get on well with my teachers’; 3 items, Cronbach’s 
alpha = 0.697);

• Life/learning aspirations (‘Doing well in school will help me in the future’, ‘I 
have goals and plans for the future’, and ‘I think I will be successful when I grow 
up’; 3 items, Cronbach’s alpha = 0.636).

These areas have been similarly measured in other research with children (e.g. 
Lereya et al., 2016). Children’s interests and motivations towards their studies have 
often been found to associate with numerous aspects of their education including 
their confidence and their sense of school belonging (e.g. Allen et al., 2018). These 
areas have not been considered alongside children’s views about nature within prior 
research and so might offer new insights.

22.2.2.2  Children’s Activities and Engagement with Nature

The questionnaire measured children’s engagement with various nature-related 
activities and aspects of life through specific items considering:

• ‘I watch nature and wildlife programmes or videos’;
• ‘I read books about nature and wildlife’;
• ‘My parents encourage me to spend time outdoors in nature’;
• ‘I spend time outdoors in nature’.

These were measured as engagement frequencies from ‘Never or almost never’ 
(scored as 1), ‘A few times a year’ (2), ‘A few times a month’ (3), ‘A few times a 
week’ (4), to ‘Every day or almost every day’ (5). Additionally, levels of agreement 
from ‘Strongly disagree’ (scored as 1), ‘Disagree’ (2), ‘Neither agree nor disagree’ 
(3), ‘Agree’ (4), to ‘Strongly agree’ (5) were used to measure:

• ‘I live near nature, such as a park, some woods, or the countryside’.

Previous research with children and adults has highlighted the potential rele-
vance of some of these activities/engagement (e.g. Hunt et  al., 2017; Uitto 
et al., 2006).
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22.2.2.3  Children’s Views About Nature

The questionnaire considered the children’s views about nature through indi-
cators of:

• Enjoyment/appreciation of nature (e.g. ‘Being outdoors makes me happy’, 
‘Being in the natural environment makes me feel peaceful’; 7 items, Cronbach’s 
alpha = 0.814);

• Empathy/affinity for animals and wildlife (e.g. ‘I feel sad when wild animals are 
hurt’, ‘I enjoy touching animals and plants’; 4 items, Cronbach’s alpha = 0.756);

• Sense of oneness/responsibility for nature (e.g. ‘Humans are part of the natural 
world’, ‘People cannot live without plants and animals’, ‘My actions will make 
the natural world different’, ‘Picking up litter on the ground can help the environ-
ment’; 5 items, Cronbach’s alpha = 0.708).

These items/indicators were from the ‘Connection to Nature Index’, which was 
designed for use with children (Cheng & Monroe, 2012) and has been previously 
applied in England and the United Kingdom (e.g. Kerr, 2015). This maximised 
comparability and contextualisation with prior research.

The questionnaire also measured:

• Interest in learning about nature (‘I like learning about nature’, ‘I like learning 
about plants and animals’, and ‘I would like to learn more about nature in school’; 
3 items, Cronbach’s alpha = 0.866).

These were new items, developed for this questionnaire, in order to extend 
understanding and gain new insights. Interest in learning about nature may reflect 
an aspect of children’s contextualised ecological/environmental orientation (Larson 
et al., 2011), but has been conceptualised and/or measured in varying ways within 
some research (Rowland et  al., 2019) and has not been considered within other 
research (which has often focused on links between enjoyment/appreciation of 
nature and time spent outdoors). Children’s interest in learning about particular top-
ics are especially important during their education and for their wider trajectories 
towards (or away from) further studies and/or careers (Eccles, 2009).

22.2.3  Analytical Approaches

Statistically significant results are indicated through p-values less than 0.05. 
Magnitudes of difference between averages are quantified through Cohen’s D-values 
(Cohen, 1988). Associations between the children’s responses were explored 
through predictive modelling, which reveals the independent association between a 
predictor and the outcome while accounting for all of the other predictors. Predictive 
modelling was undertaken via linear ordinary-least-squares (OLS) estimation (lin-
ear regression). The models showed acceptable fit and the various residual 
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histograms and plots highlighted that the underlying assumptions were met. 
Predictive (independent) associations were quantified as standardised coefficients 
(β-values).

22.3  Results

On average (Table 22.1), the children expressed positive views concerning nature 
and their learning, around the ‘Agree’ response category (values of 4 on the 1-5 
scale from strong disagreement to strong agreement). The children also expressed 
somewhat frequent engagement with the various nature-related activities, around 
the ‘A few times a month’ response category (values of 3 on the 1-5 frequency 
scale). Compared to boys, on average, girls reported more frequent reading of books 
about nature/wildlife and more positive views for confidence/enjoyment in learning, 
sense of belonging in school, enjoyment/appreciation of nature, empathy/affinity 
for animals, oneness/responsibility for nature, and interest in learning about nature.

Table 22.1 Sample summary and gender differences

All
Gender: 
Girls

Gender: 
Boys

Gender 
difference

Indicator (1–5 scales unless otherwise 
shown) M SD M SD M SD

Cohen’s 
D

Sig. 
(p)

Gender (0 = girls, 1 = boys) .47 .50 – – – – – –
Parents/guardians went to university 
(0 = no, 1 = yes)

.65 .48 .64 .48 .66 .47 .037 .664

Age (years) 8.36 .86 8.44 .88 8.27 .81 .207 .007
Confidence/enjoyment in learning 4.30 .75 4.39 .68 4.19 .81 .279 <.001
Aspirations in life/learning 4.51 .66 4.54 .62 4.48 .70 .093 .242
Belonging in school 4.37 .76 4.45 .75 4.28 .76 .232 .004
‘I spend time outdoors in nature’ 3.66 1.32 3.72 1.29 3.58 1.34 .104 .191
‘I watch nature and wildlife 
programmes or videos’

2.99 1.49 3.05 1.45 2.91 1.53 .095 .240

‘I read books about nature and 
wildlife’

2.84 1.44 2.95 1.45 2.71 1.42 .166 .041

‘My parents encourage me to spend 
time outdoors in nature’

3.38 1.52 3.42 1.52 3.33 1.52 .060 .442

‘I live near nature, such as a park, 
some woods, or the countryside’

4.13 1.21 4.13 1.22 4.13 1.20 .004 .964

Enjoyment/appreciation of nature 3.97 .83 4.14 .72 3.79 .91 .431 <.001
Empathy/affinity for animals 4.45 .72 4.52 .67 4.38 .77 .192 .016
Oneness/responsibility for nature 4.33 .72 4.39 .67 4.26 .76 .185 .020
Interest in learning about nature 4.24 .95 4.37 .88 4.10 1.00 .294 <.001

Notes: Means (‘M’), standard deviations (‘SD’), and the magnitude (‘D’; Cohen’s D) and statisti-
cal significance (‘Sig. (p)’; p-value) of the differences between girls and boys are reported. 
Significant p-values (p < .05) and the associated magnitudes are highlighted in bold for clarity
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22.3.1  Predictive Associations

Predictive modelling considered the children’s characteristics and contextual expe-
riences and views as predictors of the children’s enjoyment/appreciation of nature, 
empathy/affinity for animals, oneness/responsibility for nature, and interest in 
learning about nature (Table 22.2). This highlighted that higher aspirations in life/
learning and more frequent watching of nature/wildlife media and reading of books 
about nature/wildlife positively predicted enjoyment/appreciation of nature, empa-
thy/affinity for animals, oneness/responsibility for nature, and interest in learning 
about nature.

22.3.1.1  Enjoyment/Appreciation of Nature

The children’s enjoyment/appreciation of nature was most strongly predicted by ‘I 
spend time outdoors in nature’, together with the other nature-related activities, 
confidence/enjoyment in learning, aspirations in life/learning, but was negatively 
predicted by being a boy (compared to being a girl).

22.3.1.2  Empathy/Affinity for Animals

The children’s empathy/affinity for animals was positively predicted by their wider 
educational views (aspirations in life/learning, and sense of belonging in school), by 
the various nature-related activities, by living near to nature, but was negatively 
predicted by being a boy (compared to being a girl).

22.3.1.3  Oneness/Responsibility for Nature

The children’s sense of oneness/responsibility for nature was positively predicted 
by their sense of school belonging, living near to nature, watching nature/wildlife 
programmes/videos, reading books about nature/wildlife, encouragement from par-
ents to spent time outdoors, and aspirations in life/learning. When accounting for 
these aspects of life, ‘I spend time outdoors in nature’ had no association with the 
children’s sense of oneness/responsibility for nature.

22.3.1.4  Interest in Learning About Nature

The children’s interest in learning about nature was positively predicted by aspira-
tions in life/learning, watching nature/wildlife programmes/videos, sense of school 
belonging, reading books about nature/wildlife, spending time outdoors, and confi-
dence/enjoyment in learning, but was negatively predicted by being a boy (com-
pared to being a girl).
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22.4  Discussion

The results presented here provide a number of insights for education and policy. 
On average, children expressed positive enjoyment/appreciation of nature, empa-
thy/affinity for animals, oneness/responsibility for nature, and interest in learning 
about nature, with girls conveying more positive views than boys. The importance 
of nature-related activities was highlighted: children’s enjoyment/appreciation of 
nature, empathy/affinity for animals, oneness/responsibility for nature, and interest 
in learning about nature were all positively predicted by more frequent watching of 
nature/wildlife media and reading of books about nature/wildlife. Enjoyment/appre-
ciation of nature, empathy/affinity for animals, and interest in learning about nature 
were also positively predicted by spending time outdoors in nature. The importance 
of children’s wider educational contexts and views was also highlighted: children’s 
enjoyment/appreciation of nature and interest in learning about nature were both 
positively predicted by their confidence/enjoyment in their learning at school and by 
their aspirations in life/learning. Children’s empathy/affinity for animals and one-
ness/responsibility for nature were also both positively predicted by their sense of 
belonging within school. Essentially, there may be many ways to promote and foster 
children’s views.

These results affirm and extend earlier research, which has linked children’s 
affinities/orientations towards nature (‘nature connection’) with visiting and/or oth-
erwise engaging with nature outdoors (e.g. Szczytko et al., 2020), and with other 
activities such as watching wildlife, reading books about the natural world, and 
watching nature-related media (e.g. Hunt et al., 2017). Previous research has often 
considered nature connection through aggregating enjoyment/appreciation of 
nature, empathy/affinity for animals, oneness/responsibility for nature, and/or other 
views. The results presented here show the importance of considering these aspects 
separately, given that different arrays of predictors were relevant for each outcome. 
Children’s empathy/affinities towards animals may be an important area for educa-
tors to consider. Recent research highlights that children appreciate animals and 
plants (Harvey et  al., 2020), and that children often characterise nature as being 
inseparable from living things such as wild animals and feel empathy and concern 
with the welfare of many aspects of nature including animals (Bonnett & 
Williams, 1998).

These results also revealed other new insights. Higher confidence/enjoyment in 
learning, aspirations in life/learning, and sense of school belonging independently 
and positively predicted the children’s interest in learning about nature, while 
accounting for their personal characteristics and engagement with nature-related 
activities. Confidence/enjoyment in learning and sense of belonging in school have 
been found to link to various beneficial outcomes within education such as attain-
ment (e.g. Allen et al., 2018). Essentially, children’s views about nature may not 
necessarily link only with nature-related activities. Ensuing that children can feel 
supported and confident at school may help provide freedom to develop more spe-
cific learning interests.
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These results showed that girls conveyed more positive views about nature than 
boys, which has been seen in prior research (Hughes et al., 2019; Richardson et al., 
2019). The predictive models then highlighted an important new insight: gender 
associated with the children’s enjoyment/appreciation of nature, empathy/affinity 
for animals, and interest in learning about nature, even when accounting for their 
other reported characteristics and views. Essentially, the gender differences in chil-
dren’s views about nature (such as girls expressing higher interest in learning about 
nature than boys) were not explained by differences in their other reported views 
and activities (such as girls reporting more frequent reading of books about nature 
than boys). Ultimately, the gender differences in children’s views about nature can 
be inferred to follow from other aspects of life that were not measured by the ques-
tionnaire. This highlights that more research must be undertaken in order to under-
stand why different children hold different views about nature. Applying different 
approaches or methods may also be beneficial. This study applied questionnaires, 
similarly to most prior research (Cheng & Monroe, 2012; Hughes et  al., 2019; 
Richardson et al., 2019). Undertaking detailed interviews with children may help 
reveal more insights.

22.4.1  Educational and Wider Implications

The findings suggest that various nature-related activities could be encouraged, 
facilitated, and/or integrated within education. The results presented here show that 
children’s reports of more frequently watching nature/wildlife programmes/videos 
positively predicted their interest in learning about nature and sense of oneness/
responsibility for nature. Children’s reports of more frequently spending time out-
doors in nature also positively predicted their enjoyment/appreciation of nature, 
empathy/affinity for animals, and interest in learning about nature (although had no 
predictive association with oneness/responsibility for nature when accounting for 
the other predictors). Outdoor learning activities and excursions may be beneficial 
within education, as these have often helped foster children’s interests and apprecia-
tion of wildlife (e.g. Lindemann-Matthies, 2005) and children’s interests in learning 
about other aspects of nature (e.g. Hinds, 2011). Nevertheless, further research 
would need to consider associations in more detail; for example, spending time in 
nature might foster enjoyment/appreciation of nature and empathy/affinity for ani-
mals, which might then foster oneness/responsibility for nature.

Children, on average within this sample, manifested positive enjoyment/appre-
ciation of nature, empathy/affinity for animals, oneness/responsibility for nature, 
and interest in learning about nature. Girls tended to convey more positive views 
about nature than boys, especially for their enjoyment/appreciation of nature, which 
affirms previous research (e.g. Richardson et al., 2019). We would argue that it may 
be beneficial to support children to find their own personally enjoyable ways to 
experience nature, which might involve different activities for different children; 
children differ from one another and it should not be assumed that what interests 
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and engages one child interests and engages another. Future research may need to 
focus on considering why different children express different views; the presented 
results highlighted that gender differences in views could not be explained by dif-
ferences in the children’s contexts or engagement in particular nature-related activi-
ties. Children’s local and/or wider context (such as living or studying in rural or 
urban contexts) may also be relevant, and could facilitate, limit, and/or otherwise 
influence how nature could or should be perceived and/or engaged with.

The findings also suggest wider implications for biology education and environ-
mental education. There may be many ways to promote and foster children’s views, 
but different aspects of life may be more or less relevant for different outcomes. 
This is especially relevant when education has multiple aims or outcomes, such as 
fostering interests in learning about nature and also orientations towards supporting/
protecting nature (considered as oneness/responsibility for nature within the 
research presented here). For example, the presented results highlighted that chil-
dren’s reports of spending time outdoors in nature positively associated with their 
reported interest in learning about nature but had no association (when accounting 
for the other predictors) with their reported sense of oneness/responsibility for 
nature. Educators will still need to convey and contextualise how and why nature 
could and/or should be supported and protected, including the positive and negative 
impacts that people can have on the natural world. More generally, applying diverse 
and multiple approaches with education may be beneficial. Attempting to find one 
single nature-related activity that might foster any and every nature-related view in 
children may be difficult.

22.4.2  Limitations

The findings may not necessarily be generalisable to children of different ages and/
or children in different contexts (such as in different areas of England and/or in dif-
ferent countries). The analysis considered children’s questionnaire responses at 
only one time point, and so cannot definitively establish whether some views or 
aspects of life influence or entail other views or aspects of life. Essentially, the 
results do not show and cannot prove causality. For example, the presented results 
revealed that the children’s reports of spending more time in nature (and other activ-
ities and views) positively associated with their enjoyment/appreciation of nature, 
empathy/affinity for animals, and interest in learning about nature. This only shows 
one perspective onto potentially complex circumstances. Prior research has high-
lighted that enjoying and appreciating nature may be a motivation to spend time in 
nature (Flowers et al., 2016; Lin et al., 2014), and also that enjoying and appreciat-
ing nature may follow from spending time outdoors in nature (Nisbet, 2015; 
Richardson et al., 2016). It is possible to infer that positive views about nature and 
spending time outdoors are reciprocal, and may form a positive feedback cycle. 
Similarly, reading books about nature might foster an interest in learning about 
nature, and an interest in learning about nature might motivate someone to read 
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books about nature. The direction of any associations remains an important area to 
consider and clarify through further empirical research.

Additionally, many aspects of life may influence children’s views, and the ques-
tionnaire could only consider a limited number of aspects within a reasonable 
length. Social-cognitive perspectives on learning and motivation highlight the rele-
vance of someone’s context and circumstances (including social contexts and 
norms) and someone’s emerging identity, which link with their various attitudes and 
self-beliefs (including self-confidence and interest/enjoyment in various activities), 
which then link with their intentions/aspirations and actions (Eccles, 2009). This 
suggests further areas to explore when considering children’s interest in learning 
about nature.
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Chapter 23
Picturing the Urban Environment: Using 
Photovoice to Bring University Students’ 
Views and Voices into Urban 
Environmental Education

Marianna Kalaitsidaki, Katerina Mantadaki, and Aris Tsantiropoulos

23.1  Introduction

Urban environmental education is environmental education (EE) that occurs in cit-
ies (Russ & Krasny, 2015). It is a contemporary trend in the field of EE especially 
in the USA. Today, half of the world’s population live in cities (Muller & Werner, 
2010). Cities face a range of familiar environmental problems such as pollution, 
traffic related issues, and lack of green and open spaces, as well as social problems 
such as poverty and unemployment (Leou & Kalaitsidaki, 2017). Urban EE can 
contribute to human wellbeing and environmental integrity in cities in different 
ways: it can facilitate learning in science and ecology, address urban environmental, 
social and cultural issues, contribute to positive youth development, develop an 
understanding of cities as social-cultural-ecological systems, and allow students to 
explore aspects of cities like art and history and engage them in actions with envi-
ronmental, cultural and social outcomes (Russ & Krasny, 2015). Cities were once 
considered the antithesis of nature, but in the context of urban EE, cities are rede-
fined as places where nature can be found and ecosystem services are provided. 
They are places were learners can readily observe how ecosystem and social pro-
cesses are intertwined (Russ & Krasny, 2017). Οne framework for urban ΕΕ is 
place-based education, an approach described by Sobel (2004) that uses the local 
community and environment for teaching and learning with the goal to connect 
students to their place. Schools have become detached from both the communities 
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in which they are situated and the lived experiences of their students (Sobel, 2004). 
Sense of place, refers to the level of connectedness individuals feel to a specific 
place and the meanings associated with this place (Withrow-Clark et  al., 2015). 
Different people ascribe different meanings to a particular place that reflect the 
physical, natural, social, cultural, economic and other aspects of places (Russ, 
2015). Many environmental education programmes have as a goal to nurture eco-
logical place meaning, defined as appreciating nature-related phenomena including 
ecosystems, as symbols of a place (Russ & Krasny, 2017) Developing sense of place 
through urban EE may promote pro-environmental behaviour. By making environ-
mental education more local and providing youth with tools to investigate their 
environment, young people can develop a critical lens to view their surroundings, 
identify strengths and weakness and then act to bring change (Bellino & 
Adams, 2014).

Local environments can be examined and documented through photovoice, a 
participatory qualitative research method developed by Wang and Burris (1997), by 
which under-represented or marginalized groups identify, represent and finally 
enhance their community through a specific photographic technique that involves 
photography and group dialogue and reflection. Specifically, participants record 
(with photographs), reflect and critique personal or community issues that are stated 
as research questions. Visual images are accompanied by stories shared by the par-
ticipants (Wang, 1999). In this way, in addition to the photographic representation 
of the participant experiences, critical reflections and group dialogues provide 
greater context and deeper meaning for the photos. Photovoice is a creative way to 
explore the human experience through the lenses of people directly impacted by the 
experience or the circumstance, rather than through researcher interpretation (Farley 
et al., 2017). In this research method participants are not passive research objects 
but have the position of an active participant whereby they are emancipated to act to 
implement change, bottom-up (Wang, 1999). Earlier photovoice applications 
focused on a range of social issues including mental and physical illness, and gen-
der discrimination (reviewed in Woodgate et al., 2017). Applications were then fol-
lowed with young people, both in out-of-school and educational settings; for 
example with secondary students to empower teachers and students in literacy 
engagements (Adams et al., 2014), and with youth with disabilities for an inclusive 
campus (Agarwal et al., 2015).

It this framework we chose photovoice as a methodological tool to understand 
perceptions of the urban environment in the context of our environmental education 
courses at the University of Crete in the city of Rethymno. We present a trial appli-
cation of photovoice with Primary Education student teachers in order to identify 
how they perceive the urban environment in the city they study in. The research 
questions are:

 1. Which components of the local urban environment did these students value and 
for what reason?

 2. Do they ascribe any ecological meaning to the city and appreciate urban biodi-
versity and urban ecosystem services? If they do, what type of ecological mean-
ing does that have?
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To the best of our knowledge, this is the first application of photovoice in our 
country (Greece), so this pilot study will enable us to identify advantages and chal-
lenges of using it at the university level that may prove useful for future applications 
for us and other researchers in the field.

23.2  Research Methodology

23.2.1  Context and Participants

The Department of Primary Education of the University of Crete, is located 4.5 km 
from the centre of Rethymno, a city with a population of over 32,000 situated by the 
sea, on the island of Crete. It accepts approximately 200 students every year; the 
programme of study is 4 years, after which students will eventually work as primary 
school teachers.

Students come to Rethymno to study from various parts of the country. Female 
students outnumber males (78% female, 22% males in 2015). Environmental 
courses (Biology, Ecology, Environmental Education) are included in the pro-
gramme of study taught by the first author. In this study we used a convenience 
sample, seeking volunteers to take part in a study that involved photography among 
students attending daily classes. Finding students to take part in the study proved 
quite difficult. Students either did not respond or showed initial interest and then 
withdrew later. This resulted in three rounds of photovoice with three small groups 
of students (A, B and C) with a total number of 11 participants. By chance, students 
were in different semesters of study (see Table 23.1). Moreover, ten students came 
to Rethymno to study from other parts of the country, a variable that could have an 
impact on their perceptions. It should be noted that seven students showed initial 
interest but did not show up later, while five more gave up later. Consequently group 
B ended up with one participant.

Table 23.1 The profile of the participants

Participants Year of study Semester Group Place of origin Population of place of origin

Student 1 1 2 A Tripoli 29,297
Student 2 1 2 A Chios 26,361
Student 3 1 2 A Piraeus 163,688
Student 4 4 8 B Lamia 52,000
Student 5 1 1 C Athens 3,753,000
Student 6 1 1 C Aridaia 7000
Student 7 1 1 C Heraklion 151,324
Student 8 1 1 C Athens 3,753,000
Student 9 1 1 C Rethymno 32,468
Student 10 1 1 C Athens 3,753,000
Student 11 1 1 C Chania 53,910
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23.2.2  Photovoice Procedure and Data Analysis

As stated in the previous section, the difficulty with recruiting participants and the 
pending end of the academic semester required us to implement three rounds of 
photovoice. The first round in early May 2017 was with students 1, 2 and 3, the 
second round at end of May with student 4, and the third round the following semes-
ter with students 5-11. Following Wang & Burris (1997), each group was given digi-
tal cameras, attended a seminar on digital photography with hands-on practice and 
they were asked to take 10 photographs according to the question “What I like/What 
I don’t like in Rethymno’s environment” over the course of two weeks. Then partici-
pants in each group presented their photographs while the first two authors acted as 
facilitators, asking the questions: “What do we see here?”, “Why did you take this 
photograph?”. Sessions were recorded and transcribed. Thematic analysis was per-
formed according to Brown and Clarke (2006) by the second author. Codes were 
generated from the students’ description of each photograph, then categories were 
formulated from EE literature and themes were generated, then reviewed and refined 
together with the first author. In this paper we present findings from the “What I 
like” question. We adopted the definition of the urban environment of Russ & 
Krasny (2015) as a combination of biophysical, socio-cultural and built compo-
nents. The biophysical sub-theme included living organisms (animals and plants), 
physical resources like water, and ecosystems like the sea. People, relationships, 
social activities and environmental art formed the social environment subtheme. 
Buildings, historical monuments, public squares, etc. were grouped under the built 
environment sub-theme. Green spaces like parks or municipal gardens, squares and 
playgrounds were considered as biophysical elements if the description focused on 
plants. If they were described as meeting places or places of play, they were catego-
rized as social environment. We would like to emphasize that the analysis was based 
on students’ own descriptions and interpretations of their photographs. This is a 
difference between photovoice and other qualitative methods that use photography 
where photographs are interpreted by the researchers (Briggs et  al., 2014). 
Participants’ photographs can have personal meanings that can be revealed only 
from the verbal description of the participant (Woodgate et al., 2017). Another dif-
ference between photovoice and other research methods that use photography is that 
the photographs are presented in groups, giving opportunity for group discussion, 
exchange of knowledge and sharing of experiences (Briggs et al., 2014).

23.3  Results

In total, 111 photographs were presented by the participants for the question “What 
I like/What I don’t in Rethymno’s environment”. Students’ interpretations of their 
photographs were analysed in two respects: what was photographed and why?
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23.3.1  What Students Liked in the Local Urban Environment

Thematic analysis produced two main themes in students’ preferences: elements of 
the urban environment and sustainable practices in the city. As seen in Table 23.2, 
biophysical elements of the city were the most photographed subtheme followed by 
sociocultural elements and the built environment.

Regarding biophysical elements, students photographed plants, animals, the sea, 
the sky, water, the beach and the municipal garden.

All students photographed plants. Individual plants in narrow streets, neighbour-
hoods, flowerbeds, pots, and in green spaces like the city’s municipal garden 
(Fig.  23.1). Most students did not know the plant names, and used descriptions 
instead. For example “Rethymno is full of these yellow flowers” (student 1); “In my 
first visit here I saw α plant, not a magnolia, a climbing plant with purple flowers” 
(student 2), who in another instance referred to a tree in a photograph as “not an 
orange tree”. Students also photographed palm trees along the beach road and in 
public squares (Fig. 23.2).

There is a native palm tree in Crete that forms two natural forests included in all 
tourist promotions and campaigns. However, these palm trees in the city are of the 
Canarian type having been planted in the 1980s by the municipality. The practice of 
planting palm trees for decorative purposes in public spaces is being criticized in the 
ecology classes as an unsustainable practice, with economic and environmental 
costs in view of the invasive red palm weevil that infests and destroys them. 
Nevertheless, these students liked the palm trees in the city contrary to what they 
had heard in ecology class (Fig. 23.2). In their own words” “They are attractive, 
make the landscape beautiful”(student 11); “I like the landscape with palm trees, it 
reminds me of the summer, I Know that they are not for Greece, but I like them” 
(student 4); “I like this square with palm trees. I know that our professor in ecology 
class told us that is not a native plant, it is from abroad, maybe other plants would 
be better suited in a Mediterranean landscape, but I like this square, I think it is a 
beautiful effort” (student 6); “Palm trees, I know they are from elsewhere, but in my 
opinion it is innovative that the authorities have given a different tone to Rethymno” 
(student 7).

Table 23.2 Numbers of photographs per theme and student group (some photos are listed in more 
than one categories)

Theme 1: Elements of the urban environment Theme 2: sustainable 
practicesSubtheme:biophysical Subtheme:built Subtheme:social

GROUP 
A

18/30 (60%) 7/30 (23%) 9/30 (30%) 2/30(6.6%)

GROUP 
B

8/10 (80%) 4/10 (40%) 3/10 (30%) 1/10 (10%)

GROUP 
C

45/71 (63%) 16/71 (22.5%) 12/71 (16.9%) 8/71 (11.2%)
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Few animals were photographed, just random encounters such as a bee on a 
flower, a butterfly, domesticated ducks and stray cats. However, no positive com-
ments were made on their presence in the city or other characteristics (Fig. 23.3). In 
fact some negative comments were made: “I do not like cats but this one was calm.” 
(student 1), “I am not fond of them, this one outside my work place was a little cute, 
despite being black and ugly” (student 7); “There was a bee among the flowers, 
I was scared and ran away” (student 9).

In general, animals are more difficult to observe in the city and to photograph 
than plants. Small animals like insects and spiders are demanding objects for pho-
tography. However, all these students except one missed entire groups of animals 
like birds and fish. It should be noted that dolphins were included in the animal 
category from the photograph of a statue of dolphins, a student’s favorite animals 
since childhood (see below Fig. 23.5). Another point of attraction for the students 
was the sea. The city has an extended sandy beach, a marina, a historical Venetian 
port and a rocky shore. Students referred to its calmness, colour and vastness. These 

Fig. 23.1 All students photographed plants, individual ones (left, centre) or in green spaces like 
the municipal garden (right)

Fig. 23.2 Students liked the planted exotic palm trees on the beach road
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are stereotypic images projecting relaxation and carefree mood characteristic of 
student life. However, no reference was made to the sea as an ecosystem providing 
food and other services.

The built environment was photographed less often: students liked characteristic 
sights of the city like the picturesque Venetian harbour with the lighthouse, the nar-
row streets in the historical centre, and a Venetian fountain, although without know-
ing their names or historical context. For example, student 1 described a Turkish 
minaret as “a tower”. The historic Venetian harbour was referred to by all as the “old 
harbour”, while the elaborate Venetian fountain with lion-head springs, one of the 
most characteristic tourist icon in the city centre, was photographed only by stu-
dents 1 and 4 and referred to simply as “the faucets”. The impressive Venetian for-
tress that dominates the city was photographed by only two students, from the 
distance and from below. Among the three groups, student 4, near graduation, pho-
tographed more plants than the rest, knew their names and was the only student to 
photograph two public squares with plants he used as a meeting place with his 
friends. He was the only one to photograph plants in the backyard of his block of 
flats, a neglected urban space.

Regarding the socio-cultural environment, two students photographed people at 
work (a grocer, and two fishermen) without any reference to food. One student 
engaged in conversation with workers pruning trees. Some photovoice studies place 
limitations on photographying people’s faces (Woodgate, et al. 2017), while others 
require signed consent from human subjects (Bellino & Adams, 2014). Although no 
such limitations were placed here however, some students seemed to be aware of 
such considerations (“I wanted to photograph people on their bicycles but it was 
difficult to photograph so as not to show their faces so I photographed one bicycle 
instead” (student 11); “This was next to a café where two gentlemen were eating but 
I did not want to photograph them, they looked fearsome” (student 6). Street art was 
also included in this sub-theme. Student 3 thought that “A nice drawing makes the 
streets beautiful”, differentiating however street art from graffiti. This prompted a 
debate about whether graffiti is art or vandalism. Some symbolic photographs of 
emotions like friendship, togetherness and loneliness, were also included in the 
social environment. It should be noted that there were no photos from the University 
campus as this is located 4.5 km away from the city.

The second theme in students’ preferences was sustainable practices in the city, 
like sustainable mobility (bicycles), examples of renewable energy and recycling 

Fig. 23.3 Few animals were photographed
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(Fig.  23.4). Student 8 photographed solar panels and solar heaters on rooftops, 
examples of energy conservation; student 2 photographed “a wall of kindness”, a 
designated place where food and other items can be left for the have-nots. Several 
photographed recycling cans stating that they liked this practice in Rethymno. The 
issue of solid waste management initiated a discussion in group C since there is a 
particular management system in the historical centre that students did not know, 
and it was explained by the facilitator.

23.3.2  Students’ Reasons for Taking the Photographs

Thematic analysis of students’ reasons for taking particular photographs produced 
the three themes shown in Table 23.3.

As stated previously, ten participants came to study in Rethymno from other 
parts of the country. Their places of origin were still in their minds, making com-
parisons, assessing differences or similarities with Rethymno. Students took photos 
of the familiar, what they had at home (like “the wall of happiness”, a familiar prac-
tice from home for student 3), or the different and the unusual that they did not have 
at home (like the palm trees and public squares for student 5, the sea for student 1, 
and the extended sandy beach and the picturesque harbour for student 3). Students 
also referred to positive memories from childhood, family and vacations. One 
example of a childhood memory in relation to a photograph is the statue of dolphins, 
taken by student 2 (Fig. 23.5). “I adored dolphins since I was a child because my 
father, a seaman, used to tell me stories with dolphins. So I loved dolphins. When I 
decided I will study here, I searched the internet and saw this statue; with this proj-
ect, I thought I will definitely photograph it”.

Fig. 23.4 Photographs showing sustainable practices in the city. Bicycle path, solar panels, 
recycling

Table 23.3 Reasons for photography and number of students that gave them

Comparisons with place of origin 8 / 11students
Positive memories from childhood, family and 
vacations

4 /11 students

Acknowledgement of ecosystem services 7 / 11 students
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Finally, students referred to cultural ecosystem services to justify their photo-
graphs of the biophysical elements of the city. Ecosystem services are various ben-
efits provided to humans by ecosystems: provisioning (food, water), regulating 
(climate control), supporting (primary production, nutrient cycling), and cultural 
(spiritual, recreational, educational) (Krasny et al., 2014). Examples were the feel-
ings of relaxation from the sight of the sea, the beautiful colours of the sky and the 
sea, and the aesthetic calmness and tranquility that the sea evokes, as well as leisure 
activities such as walking and swimming: “I like the sea very much, I adore the sea. 
When I do not feel all right I come to the sea to calm down, to feel tranquil (student 
3); “the sky here has this lovely blue colour, summery like, unlike ours up north.” 
(student 6). They also stated that they appreciated plants for their provision of oxy-
gen, for the shade they cast (supporting services), and for their pleasant smell as 
well as the beauty and colours of flowering plants: “I was attracted to this plant by 
the shadow it casts and its smell” (student 1); “There is colour in this plant, it’s not 
just green” (student 2); “These flowers add colour to the beach road, they are a 
beautiful sight for us and the tourists” (student 4); “I like these plants, they give me 
hope in the urban environment. In contrast, in my hometown, there is a lot of traffic 
and there are not enough plants to absorb carbon dioxide effectively and produce 
oxygen” (student 7).

Fig. 23.5 Photography 
due to a positive memory 
from childhood
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23.4  Discussion

23.4.1  Students’ Perceptions of the Urban Environment

Giving individuals a camera gives them the opportunity to help others see the world 
through their eyes (Wang, 1999). In this study we were able to see the urban envi-
ronment through the eyes of our students. Our students appreciated mainly the bio-
physical elements, particularly plants. This was an unexpected finding in view of all 
the literature on plant blindness (Wandersee & Schussler, 1999), that is the inability 
to see or notice plants in one’s environment, recognize their importance in the bio-
sphere and to humans, appreciate their aesthetic and unique features, a condition 
affecting according to the authors and subsequent reports, young people of different 
ages in different countries. However, our students neglected other forms of urban 
biodiversity like birds, fish and insects. Urban biodiversity has been neglected even 
by scientists until fairly recently, but now is considered an important part of global 
biodiversity (Muller & Werner, 2010). Our students’ appreciation of elements of the 
urban environment, appreciation of some ecosystem services (cultural) and sustain-
able practices in the city, reveal they ascribe some ecological meaning to the city, 
which is an important factor for environmental participation and action (Russ & 
Krasny, 2017). As shown in other studies (Stedman, et al., 2004), students choice of 
photographs was guided by their memories and life histories. Student 8, who comes 
from the capital city Athens photographed people, rooftops and the sea. Student 3, 
who comes from a neighbourhood with large unemployment and the country’s 
larger harbour, photographed “the wall of kindness”, a place to donate for the have- 
nots, a familiar practice from her own town. Meanwhile, student 2 who comes from 
an island, photographed the statue of dolphins, an animal associated with her child-
hood and father. As photographer Ernst Haas has said “I see what I think, I see what 
I feel, because I am what I see, with the camera I can make others see it”.(Ernst 
Haas estate, 2021)

23.4.2  Implications for Environmental Education 
and Teacher Education

With increased urbanization, urban EE is becoming critically important to foster 
ecological literacy on urban biodiversity and urban ecosystems, and to make cities 
more sustainable through citizen participation and action (Russ & Krasny, 2017). 
Capitalising on students’ appreciation of urban plants (as shown here), place-based 
instruction on local flora could increase our students’ and prospective elementary 
school teachers’ knowledge of plants as well as other forms of urban biodiversity 
like birds (Lindemann-Matthies, 2005). Place-based instruction and EE should also 
address the coast and the sea, as ecosystems, which in the Greek secondary educa-
tional system are largely under-represented, as well as other types of ecosystem 
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services besides the cultural ones cited here (provisional, supporting and regulating 
types). The students’ perception of the urban environment should be completed to 
incorporate the built and social environment as well as relationships between them.

23.4.3  Some Comments on Using the Photovoice Method

To our knowledge this was the first application of photovoice in environmental edu-
cation in Greece, and we believe it is therefore useful to make some comments on 
using this method. Our study showed that photovoice was a good tool for our stu-
dents to document and reflect on the urban environment. Photovoice gave students 
the opportunity to examine and document the local environment, share stories of 
lived experiences and memories, exchange information on local issues, like the 
solid waste management system in the city’s historical centre and debate whether 
urban graffiti is art or vandalism. Some photographs of participants had personal 
meanings that were revealed by the participants’ presentations and interpretations. 
That was the case with the photograph of the statue of dolphins in Fig.  23.5. A 
depiction of an ancient coin, an emblem of the city, was photographed by student 
2 not for her appreciation of the arts, but for the dolphins, her favourite animals, 
associated with childhood and her father. Therefore what photos appear to be and 
what they really represent may be very different things, and it is essential to uncover 
the intended meanings of the participants (Stedman et al., 2004).

As described in the methodology, we encountered difficulties in recruiting par-
ticipants. We consider this not a random and isolated occurrence, however unusual 
it may seem in this age of social media. Three years ago we noticed the same phe-
nomenon as members of the review committee in a student photographic contest 
organized by the University entitled “My life at the University”. Participation was 
extremely low (0.1%) and the content of photographs was “the self”, a paradoxical 
finding in a place of collective existence like the University. We interpreted this as a 
generalized lack of interest in photography other than the glorification of the self, a 
common trend on social media. On the other hand, photovoice requires some time 
commitment (attending the photography seminar, photography and attend discus-
sion meetings), which our college students may not have, since due to the country’s 
economic crisis many have to work to support themselves. A solution would be to 
incorporate photovoice in the context of a university course, particularly seminars 
that require compulsory presence. Bellino & Adams (2014) argued that by making 
environmental education more local and by giving students the tools to investigate 
the environment they live in, young people can develop the skill to take a critical 
lens though which to observe their surroundings.

However, in our experience, students’ engagement with dialogue and critical 
reflections do not happen automatically, effort is required on behalf of the facilita-
tor. Our application lacked a collective action at the end to reach policymakers, an 
essential element of the method (Wang, 1999). In a recent review of four photovoice 
applications in environmental and sustainability contexts, Derr & Simmons (2020) 
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concluded that photovoice is a promising methodology, however they emphasized 
the importance of maintaining its original emancipatory intents. Similarly, in this 
study, students did not consider taking any action on their own accord. A good prac-
tice for our future applications will be to follow Adams et al. (2014) and show par-
ticipants photovoice projects from the literature, with examples of collective action 
such as organisation of a photography exhibition for the general public or produc-
tion of a photobook, and present it to policy makers.
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