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Preface

ERIDOB is the organization of European Researchers in the Didactics of Biology. 
It aims to bring together researchers in the didactics of biology from Europe and 
around the world to share and discuss their research findings and practical implica-
tions. This book of selected papers is a collection of 24 original research contribu-
tions presented at the 13th ERIDOB conference, which took place at the University 
of Nicosia, Cyprus, from August 29 to September 2, 2022. The contributions address 
a wide range of different research topics related to biology education. This also 
includes preparing teachers to teach biology effectively. The common theme of this 
collection, however, is the shared belief that research in biology education is a pow-
erful tool to reflect upon, understand, and innovate the current practices of biology 
education and pre-service and in-service biology teacher training. Furthermore, the 
contributions in this collection are united by the belief that subject matter is impor-
tant in teaching and learning.

The contributions in this collection are either theoretical or empirical in nature. 
Theoretical contributions describe the theoretical and conceptual underpinnings of 
teaching biology and research in biology education. Often, studies of this type 
derive insights into theoretical and conceptual frameworks by summarizing a large 
number of studies from the different fields of biology education. For example, one 
contribution in this collection addresses the concept of problematization in biology 
education and another contribution describes features of virtual and physical labora-
tory environments and their impact on learning. Empirical contributions investigate 
research questions related to biology education with qualitative, quantitative, or 
mixed methods to construct evidence-based arguments about biology education and 
propose solutions to problems, needs, or challenges. Empirical studies use theoreti-
cal frameworks, for example for deriving research questions and interpreting find-
ings. For example, empirical contributions in this collection address the challenge 
of implementing climate change education and delivering an understanding of the 
anthropogenic factors affecting the loss of biodiversity. Furthermore, the boundaries 
between theoretical contributions and empirical contributions are both fluid and 
firm because studies can easily be classified as either theoretical or empirical,  
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but, at the same time, theoretical and empirical studies are mutually dependent  
on one another.

ERIDOB contributes to shaping the future of research in biology education. It 
provides a unique platform for researchers in biology education to discuss theoreti-
cal frameworks, empirical aspects of research in biology education, for example 
methods of data collection and analysis, and evidence-based recommendations for 
innovation. The contributions in this collection refer to theoretical frameworks 
which guide research, draw conclusions in relation to evidence collected as part of 
the research, reflect on the originality of the research contributions, and discuss why 
it is important to gain such insights. Collectively, researchers who contribute to the 
ERIDOB conference  – and particularly the researchers who share their research 
findings in this collection – advance the current understanding of effective biology 
teaching and learning in fields as diverse as students’ conceptual understanding and 
reconstruction of biology, students’ biology-related interests, attitudes, and motiva-
tion, environmental and health education, modelling and experimentation, and biol-
ogy teacher preparation.

The chapters of this book have been organized in four parts. The first group of 
chapters (Part I: Teaching Strategies and Learning Environments) consists of seven 
papers focusing on a range of different aspects related to teaching strategies and 
learning environments. The first two chapters in this group are by authors who 
kindly agreed to hold keynote lectures at the conference. The chapter by Yvoni 
Pavlou and Zacharias C. Zacharia (Chap. 1) discusses the advantages and disadvan-
tages of physical and virtual laboratories as means of experimentation for students 
in STEM+ education. The authors’ main conclusion is that each mode of experi-
mentation has specific affordances which need to be considered when making the 
decision to experiment in physical or virtual laboratories.

The chapter by Catherine Bruguière and Denise Orange Ravachol (Chap. 2) 
addresses the didactic functions of problematization, narrative, and fiction in the 
science classroom. The authors highlight a theoretical framework of problematiza-
tion developed over more than 20 years in France and explore the more recent 
notion of realistic fiction by situating it in relation to work in biology didactics that 
borrows from the frameworks of narrative and/or fiction.

The chapter by Benjamin Stöger and Claudia Nerdel (Chap. 3) deals with math-
ematical modelling competence in biochemistry. The authors found that external 
representations and mathematical expertise have a positive effect on mathematical 
modelling competence in biochemistry.

The contribution of María Napal Fraile, Lara Vázquez Bienzobas, Isabel Zudaire 
Ripa, and Irantzu Uriz Doray (Chap. 4) focuses on the development of science pro-
cess skills in pre-school children. The authors compared three types of interventions 
and found that the children in the adult-led intervention attained the most detailed 
learning of scientific concepts, while the scaffolded exploration group of children 
improved their scientific inquiry skills.

The next two chapters focus on informal learning environments. The contribu-
tion of Georgios Villias and Mark Winterbottom (Chap. 5) deals with educational 
escape rooms as a type of informal learning environment which has recently gained 
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popularity. The authors investigated the potential of educational escape rooms to 
develop students’ twenty-first century skills and describe design criteria for educa-
tional escape rooms.

The chapter by Anna Pshenichny-Mamo and Dina Tsybulsky (Chap. 6) focuses 
on the question what aspects of the nature of science (NOS) visitor guides of natural 
history museum address when they discuss topics related to evolution and ecology. 
The authors found that natural history museum guides often integrate cognitive-
epistemic aspects of NOS, for example the tentativeness of scientific knowledge, 
which is prone to change with new findings.

The final chapter of this part is by Georgios Ampatzidis and Anastasia Armeni 
(Chap. 7). It deals with representations of microorganisms in biology textbooks. 
The authors found that microorganisms are often represented negatively so that a 
conceptual shift in the representations of microorganisms is needed in order to help 
students appreciate the importance of microorganisms in human lives and economy, 
as well as their role in the ecosystem.

The second group of chapters (Part II: Students’ Knowledge, Conceptions, 
Values, Attitudes and Motivation) consists of seven papers focusing on a range of 
different cognitive and affective aspects of students’ learning.

The contribution of Wilton G. Lodge, Michael J. Reiss, and Richard Sheldrake 
(Chap. 8) deals with students’ views of the benefits of investigative school biology 
research projects. Specifically, participants indicated that they gained a deeper 
understanding of the scientific processes and the production of scientific knowl-
edge. Furthermore, the research projects increased their science-related career 
aspirations.

The acceptance of evolutionary theory is an important aspect of evolution educa-
tion. Andreani Baytelman, Theonitsa Loizou, and Salomi Chadjiconstantinou 
(Chap. 9) investigated 12th grade students’ epistemological beliefs toward science 
and their personal beliefs in plant evolution, animal evolution, and human evolution. 
The authors found that students’ epistemological beliefs in science predicted their 
personal beliefs in plant evolution and animal evolution, but not in human evolution.

The next two chapters address pupils’ and students’ understanding of plants and 
their physiology. The chapter by Alexandros Amprazis and Penelope Papadopoulou 
(Chap. 10) deals with plant blindness, a multidimensional construct which involves 
interest in plants and knowledge of plants among other variables. The authors con-
ducted a cross-sectional study and found that students’ preference for plants was 
lowest in high school (compared to higher preference for plants in elementary 
school and university students) and that correlation coefficients between interest in 
plants and knowledge of plants differed between the various age groups studied.

The chapter by Eliza Rybska, Joanna Wojtkowiak, Zofia Chyleńska, Pantelitsa 
Karnaou, and Costas P.  Constantinou (Chap. 11) explores the extent to which 
student-constructed drawings can be used to identify how modelling skills evolve 
with age and how they relate to students’ understanding of the mechanism of pho-
tosynthesis and plant growth. The authors found that student-constructed drawings 
provided insights into students’ modelling skills and that the latter depended on the 
students’ knowledge of photosynthesis.
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The contribution of Malte Ternieten and Doris Elster (Chap. 12) describes find-
ings from a study aimed at developing, testing, and evaluating a grid for the assess-
ment of students’ decision-making competencies in the context of Education for 
Sustainable Development. The chapter offers a description of a six-hour unit in the 
context of Education for Sustainable Development. Furthermore, the authors pres-
ent the diagnostic grid in conjunction with findings from the evaluation study.

The chapter by Julia Holzer and Doris Elster (Chap. 13) represents an investiga-
tion of the factors influencing the students’ intention to donate stem cells to leuke-
mia patients. Based on the Theory of Planned Behavior, a specially designed 
educational intervention significantly impacted factors which were expected to be 
influential, for example beliefs, as well as the intention to donate stem cells.

The contribution of Martha Georgiou and Matina Moshogianni (Chap. 14) 
describes a study investigating Greek teenagers’ (15–16 years old) knowledge of 
nutrition and healthy eating. The authors of the study found that the participants 
lack nutrition knowledge. Furthermore, the authors argue that the internet is the 
participants’ main source of nutrition knowledge and that there is a gap between the 
students’ nutrition knowledge and school-based nutrition education programs.

The third group of chapters (Part III: Outdoor and Environmental Education) 
consists of six contributions addressing aspects related to climate change, conserva-
tion, and sustainable use of biodiversity as well as school-based outdoor education.

The contribution by Nofar Naugauker, Orit Ben-Zvi-Assaraf, Daphne Goldman, 
and Efrat Eilam (Chap. 15) represents a case study addressing the implementation 
of climate change into the national curriculum in Israel. The authors provide insights 
into perceptions of education policymakers and education professionals. 
Furthermore, they describe opportunities and challenges to effective implementa-
tion, and argue that inter-sectorial collaborations need to be involved in implement-
ing climate change education.

The contribution by Lina Varg (Chap. 16) focuses on the congruency between 
primary teachers’ intentions to teach sustainability and their implemented teaching 
practices. The author observed discrepancies between primary teachers’ intentions 
and teaching practices. Therefore, the argument is made that a greater flexibility in 
teaching approaches is necessary for delivering the intended educational goals.

The chapter by Chadia Rammou, Arnau Amat, Isabel Jiménez-Bargalló, and 
Jordi Martí (Chap. 17) examines the factors elementary school children consider 
important for enhancing and limiting the biodiversity of particular environments. 
The children considered the presence of vegetation as an important factor enhancing 
biodiversity, whereas human beings were considered a limiting factor of biodiver-
sity. The authors argue that participants’ views on biodiversity were rather simplis-
tic and anthropocentric and that science education should enhance the development 
of a more comprehensive understanding of biodiversity.

The next two papers focus on the benefits of outdoor learning and nature experi-
ence. The chapter by Marjanca Kos, Sue Dale Tunnicliffe, Luka Praprotnik, and 
Gregor Torkar (Chap. 18) explores the possibilities of pre-school age children to 
experience biological phenomena and living organisms through unstructured play 
in nature. The children paid more attention to animals than plants and fungi, whereas 
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the experiences with animals were more emotionally engaging and led to deeper 
learning about them. Involvement of teachers in play with young children led to 
longer duration of play and deeper learning.

The contribution of Marcus Hammann (Chap. 19) describes a study exploring 
variables related to secondary school students’ perceived personal relevance of free-
choice nature experiences. Furthermore, the study focused on associations between 
perceived personal relevance and the frequency of such nature experiences. The 
study found that age, gender, explicit positive evaluations, frequency of experience, 
and type of settings were significant determinants of perception of personal rele-
vance. Furthermore, most participants attributed considerable importance to per-
sonal experiences with nature and advocated opportunities for nature experiences in 
biology instruction.

The last chapter of Part III, written by Anthi Christodoulou and Konstantinos 
Korfiatis (Chap. 20), examines the challenges that emerged during an action research 
approach applied in a school garden project. The authors found that dialogue and 
shared knowledge between the action research members were important to create a 
participatory and effective project. Furthermore, the establishment of democratic 
and inclusive modes of communication between teachers and students and the iden-
tification of students’ personal worries and social difficulties were important factors 
for the success of the project.

The last part of the book (Part IV: Biology Teachers’ Professional Development) 
consists of four chapters addressing the importance of biology teachers’ profes-
sional development.

The chapter by Emanuel Nestler, Carolin Retzlaff-Fürst, and Jorge Groß (Chap. 
21) presents findings from a study evaluating an innovative program for training 
biology teachers’ mentors. The program aimed at enabling mentors to adapt their 
mentoring to the concrete situation and to the challenges of pre-service teachers in 
their individual development. The program promoted the mentors’ dialogic skills 
along with their pedagogical content knowledge and content knowledge.

The contribution by Alexander Aumann and Holger Weitzel (Chap. 22) analyzes 
how pre-service biology teachers use their Technological Pedagogical and Content 
Knowledge (TPACK) to plan, implement, and reflect on a biology lesson in which 
students created videos explaining a specific biological topic. The authors describe 
two types of pre-service biology teachers who differ in their ability to combine digi-
tal technology and media with biological content knowledge. The authors suggest 
that it is important to enable pre-service biology teachers to use video production as 
a tool for content learning.

The contribution of Patrizia Weidenhiller, Susanne Miesera, and Claudia Nerdel 
(Chap. 23) addresses biology teachers’ attitudes and self-efficacy assumptions con-
cerning inclusion and digitalization. The chapter presents findings from an in-
service teacher training study aimed at preparing teachers for the use of digital 
media in heterogeneous classrooms. The teachers planned and performed a digitally 
supported experimentation and were trained to meet the needs of diverse learners.

In the final chapter of the book (Chap. 24), Sara Großbruchhaus, Patricia 
Schöppner, and Claudia Nerdel describe the findings of a study investigating the 
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potential of professional development to promote in-service biology teachers’ abil-
ity to use technological equipment for the teaching of biotechnology in class. The 
authors describe three strategies used by the teachers to implement biotechnology 
experiments in the classroom. Interviews showed that a one-time professional 
development program can lead to sustained implementation over several years and 
successful school curriculum development.
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Chapter 1
Using Physical and Virtual Labs 
for Experimentation in STEM+ Education: 
From Theory and Research to Practice

Yvoni Pavlou and Zacharias C. Zacharia

1.1 � Introduction

Educational reform efforts in numerous countries (mostly since 2015) focus on the 
integration of science, technology, engineering and mathematics (STEM) policies 
in national curricula to promote interdisciplinary learning (Zhan et al., 2022). For 
example, the Next Generation Science Standards (NGSS; Next Generation Science 
Standards Lead States, 2013) endorse coherent and interconnected content and a 
coherent and interconnected approach to the STEM disciplines to support the devel-
opment of students’ scientific literacy. The NGSS include practices and core disci-
plinary ideas from engineering and the sciences that bring out the connections 
between the different domains, and facilitate their introduction in teaching and 
learning in an integrated way.

Even though inconsistencies in the definition of STEM education exist, it is nev-
ertheless typically conceptualized as a teaching approach that incorporates skills 
from and knowledge of different disciplines, situated in real-world issues (Martín-
Páez et al., 2019). The integration of other disciplines within STEM curricula is also 
a common practice in order to promote 21st century skills, such as creativity and 
entrepreneurship. For example, STEAM refers to the integration of arts and/or 
humanities in STEM curricula; STEAME additionally incorporates entrepreneur-
ship. For the purposes of this article, the term STEM+ will be used from this point 
forward to represent all possible variations of STEM plus the additional disciplines 
that can be incorporated in STEM curricula. Educational approaches, such as 
inquiry-based (e.g., Pedaste et al., 2015), project-based (e.g., Capraro et al., 2013) 
and design-based learning (e.g., Crismond & Adams, 2012) are ideal for 
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implementing STEM+ initiatives because they are student-centered approaches that 
aim at addressing real-world issues through methods and practices like those of 
professionals (Martín-Páez et al., 2019; Thibaut et al., 2018). These approaches can 
facilitate the application of STEM+ concepts and practices in contexts that are rel-
evant and interesting to students (National Academy of Sciences, 2014).

Laboratory experimentation is a fundamental aspect of science and engineering, 
and hence, the aforementioned educational approaches strive to provide relevant 
learning experiences to students. Laboratory work provides opportunities for stu-
dents to implement scientific practices and skills (e.g., observation, hypothesis gen-
eration) to test theories and understand natural phenomena (de Jong et al., 2013; de 
Jong et  al., 2014), and also to develop practical (e.g., handling equipment) and 
transferable (e.g., problem-solving, time management) skills (Reid & Shah, 2007). 
Traditionally, experimentation took place solely in physical laboratories (PL) that 
allowed learners to interact with real world physical/concrete materials and appara-
tus in order to observe and understand natural phenomena. This direct physical 
experience has been reported to be of pivotal importance during experimentation 
(e.g., Gire et al., 2010; Kontra et al., 2015; Zacharia, et al., 2012).

However, the exponential growth of technology has led to the need to rethink the 
practice of laboratory experimentation (Bybee, 2009; de Jong et al., 2013; National 
Research Council, 2006), with many studies in the past decades focusing on the use 
of virtual laboratories (VL) and the consequences for teaching, learning and 
research. Reeves and Crippen (2021) defined VL as “technology-mediated experi-
ences in either two- or three-dimensions that situate the student as being in an emu-
lation of the physical laboratory with the capacity to manipulate virtual equipment 
and materials via the keyboard and/or handheld controllers” (p. 16). The need for 
VL to be optimally integrated in STEM+ education became even stronger due to the 
COVID-19 pandemic and the subsequent rapid shift towards online/blended learn-
ing (European Commission, 2022), which inevitably promoted VL as an alternative 
to PL (Bazelais et al., 2022; Radhamani et al., 2021; Raman et al., 2021). Hence, it 
is not surprising that there is an increasing focus on the integration of technology to 
support learning in STEM education research (Zhan et al., 2022).

However, given that both PL and VL are available options for experimentation 
purposes, the dilemma persists as to which means of experimentation should be 
preferred for optimizing student learning. For instance, we are still looking for defi-
nite answers to questions such as, “Which means of experimentation under what 
circumstances optimizes student learning across grades K-16, PL or VL?” and 
“Should PL and VL be used alone or in combination across grades K-16?” The 
objective of this paper is to synthesize the theoretical and empirical perspectives 
emerging from the research concerning the exploration of effects of using VL and 
PL on students’ learning during experimentation in order tο contribute to the efforts 
of the community to answer these questions and to inform the research about and 
practice of laboratory experimentation in STEM+ education.
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1.2 � The Theoretical Perspective

Traditional views of cognition claim that the brain is made up of abstract functions 
and that it is a separate entity from the body, a notion that embodied theories cur-
rently challenge (Marmeleira & Duarte Santos, 2019). Embodied cognition theories 
differ in the degree of the effect of sensorimotor experience on cognition that is 
postulated (Wellsby & Pexman, 2014), but nevertheless, their overarching notion is 
the same: the interaction between the environment and the body influences cogni-
tion (Clark, 2008; Pouw et al., 2014; Wilson, 2002). As Pouw et al. (2014) men-
tioned, learning seems to depend on “gradual internalization of sensorimotor 
routines” (p. 65). Hence, researchers attempt to explain human motor, perception 
and cognition systems as dependent on the body (Farina, 2021). The mental repre-
sentation of an object involves the sensory and motor regions of the brain, which are 
activated when the object is perceived or interacted with (Yee & Thompson-Schill, 
2016). This mental representation encompasses not only the visual properties of an 
object, but also relevant actions (Barsalou, 2008; Gibbs, 2005). Neurological stud-
ies have shown that memory recall activates areas of the brain associated with the 
sensorimotor information experienced during an episode (Kiefer & Pulvermüller, 
2012). For example, during the retrieval of haptically encoded stimuli, somatosen-
sory and motor areas of the brain are activated, whereas for visually encoded stim-
uli, the activation of vision-related areas is observed (Stock et al., 2009). Embodied 
cognition theories tend to be appealing in terms of representing the organization of 
conceptual knowledge because they also predict how information is obtained 
(through sensorimotor experiences) and how and where it is processed (in the rele-
vant sensorimotor systems; Yee et al., 2018).

For educational research, embodied cognition theories provide the opportunity to 
explore the impact of action on cognition throughout development and to utilize this 
knowledge to scaffold the teaching and learning process (Kontra et al., 2012). Hayes 
and Kraemer (2017) noted that embodied cognition theories can support our under-
standing of how students’ STEM learning is enhanced, given the student-centered 
and hands-on nature of STEM education. In the study by Kontra et al. (2015), even 
brief physical experience with the forces related to angular momentum led to activa-
tion of the sensorimotor systems of the brain used to execute similar actions in the 
past, which resulted in the development of understanding about that concept. Rich 
sensorimotor experiences can support the presence of multimodal representations 
that facilitate learning (Kiefer & Trumpp, 2012) with a variety of ways to engage the 
body, from limited (e.g., gestures) to full-body movement (Skulmowski & 
Rey, 2018).

The provision of high-embodiment experiences does not necessarily guarantee a 
positive impact on learning, but bodily experiences that relate to the task at hand 
seem to do so (Johnson-Glenberg, 2019; Skulmowski & Rey, 2018). For example, 
in a study by Mavilidi et al. (2017), preschoolers were engaged in activities related 
to the solar system in three experimental conditions: (1) integration of related physi-
cal activities, (2) integration of irrelevant physical activities and (3) no physical 

1  Using Physical and Virtual Labs for Experimentation in STEM+ Education…



6

activities. It became apparent after an immediate and a 6-week assessment, that the 
preschoolers participating in tasks that incorporated meaningful physical activities 
outperformed the rest of the groups, and even the preschoolers participating in the 
irrelevant physical activities outperformed the students who were not involved in 
any type of physical activities. Zohar and Levy (2021) investigated whether an 
increase in bodily engagement (movie, simulation, joystick and haptic device with 
force feedback) subsequently leads to an increase in understanding of the concept 
of chemical bonding. The movie, simulation and joystick conditions resulted in 
similar conceptual development, whereas the participants in the haptic device con-
dition, which offered the highest bodily engagement, had a significantly higher 
increase in knowledge. In a study by Qi et al. (2021), providing force feedback in a 
simulation to students with limited prior understanding of forces also facilitated 
learning, but providing additional visual cues (i.e., abstract arrows) did not improve 
performance. Hence, not all bodily experiences can enhance learning in the same 
manner; alignment between the manipulation and the learning objective is needed.

The active and meaningful interaction with materials and apparatus during 
experimentation is what enhances learning, and not physicality in itself (Han, 2013; 
Klahr, et al., 2007; Pouw et al., 2014; Triona & Klahr, 2003; Zacharia & Olympiou, 
2011). Hence, embodied cognition theories do not necessarily favor a specific mode 
of experimentation (Rau, 2020). However, haptic perspectives on learning do favor 
the haptic manipulation of materials because, when combined with visual stimuli, it 
can support memory retrieval, minimize the likelihood of cognitive overload and 
support the conceptual grounding of abstract concepts (Rau, 2020). As stated by 
Van Doorn et al. (2010, p. 813), “[t]he term haptic refers to a perceptual system that 
combines both input from receptors in the skin and kinesthetic information.” 
Through touch, we can gather information (e.g., about the properties of an object) 
and act (e.g., lift the object), but also, based on the sensory feedback received (e.g., 
the force used was not enough to lift the object), we attune our actions to fit our 
initial intentions (e.g., use more force; Reiner, 2008).

The haptic and the visual system are complementary in nature. In a study by 
Reiner et  al. (2006), participants used a haptic interface to lift virtual cylinders 
marked with the labels “heavy”, “light” or “###” (neutral condition), which were 
compatible, incompatible or neutral with regard to the actual weight of the cylin-
ders. It became apparent that both the reaction time and error rate were lower for the 
cylinders with a label that was compatible with their weight, and higher when the 
label was incompatible. The haptic system has a higher processing cost than the 
visual system and hence it will be invoked when visual information is inadequate 
for addressing a targeted task (Hatwell, 2003; Klatzky, et al. 1993). Given that touch 
has an inherent bias towards how an object “feels” (e.g., texture, material) rather 
than its structural properties (e.g., size, shape; Klatzky et al., 1991; Klatzky et al., 
1987; Klatzky et al., 1993), the haptic system will be activated only to assist vision 
when exploring structural properties (Hatwell, 2003), but it can be used for dis-
criminating objects based on their surface textures (Heller, 1989). Thus, based on 
haptic perspectives on learning, it is expected that haptic manipulation, as an addi-
tional available modality, will augment the development of concept-specific 

Y. Pavlou and Z. C. Zacharia



7

understanding, particularly of concepts for which haptic cues can facilitate the 
development of multimodal representations, such as force (Han, 2013; Zohar & 
Levy, 2021) and mass (Lazonder & Ehrenhard, 2014; Pavlou et al., under review; 
Zacharia et al., 2012). For example, in the study by Lazonder and Ehrenhard (2014) 
regarding free fall, students who engaged with physical materials were able to 
develop scientifically correct understandings because the haptic sensory feedback 
available facilitated the correction of students’ misconceptions and revision of 
mass-related beliefs. This process was not evident in the demonstration or VL groups.

Haptic sensory feedback simply cannot be offered in a virtual environment. 
Haptic technologies for providing sensory feedback (e.g., force feedback) in VL do 
exist, and studies investigating their impact on learning (e.g., Bivall et al., 2011; 
Han & Black, 2011; Jones et al., 2006; Magana et al., 2019; Zhuoluo et al., 2019) 
have reported positive findings, but the sensory feedback they provide is still quite 
limited in comparison to the haptic and dynamic feedback available when engaging 
with PL. Haptically enhanced simulations are also primarily focused on developing 
skills (e.g., related to surgeries; Qi et al., 2021), and the integration of such tech-
nologies, especially in formal education, is still very limited (Georgiou & Ioannou, 
2019; Johnson-Glenberg, 2019; Malinverni & Pares, 2014).

As Pavlou et al. (under review) pointed out, when considering comparative stud-
ies in the field of science education from the haptic encoding and embodied cogni-
tion perspectives, findings of an equal or even negative impact of PL on learning can 
be attributed to a lack of significant perceptual differences between the VL and PL 
being compared (i.e., the perceptual stimuli and the available feedback offered in 
the PL did not differ significantly from the virtual environment; e.g., Han, 2013) 
and/or the participants’ prior experiences/knowledge of the concepts under investi-
gation. As far as the latter is concerned, it is evident that most studies in the field of 
science education focus on the primary school years and onwards (Wörner et al., 
2022; Zacharia, 2015). For older students, knowledge of the concepts under inves-
tigation could have been grounded in the early years and hence, embodied experi-
ences might not be a prerequisite for those students. As Yee et al. (2018) mentioned, 
as development progresses, the reliance on abstract knowledge increases, and direct 
sensorimotor experience is not as necessary as for young children. However, PL can 
be more beneficial than VL in the early years of education when considering the 
reliance on grounded experience, especially through the haptic manipulation of 
objects (Pavlou et al., under review).

For example, in the comparative study by Zacharia et al. (2012), preschoolers 
with scientifically correct prior understanding of the concepts under investigation 
(the function of a balance beam) who interacted with either physical or virtual 
manipulatives outperformed students with incorrect prior knowledge who engaged 
with the virtual environment. Their findings indicated that haptic sensory feedback, 
which is a unique affordance of PL, is a prerequisite for learning if participants do 
not have any previous understanding of the concepts. The study by Pavlou et al. 
(under review) validated and also expanded the findings by Zacharia et al. (2012). 
This study compared the conceptual understanding of preschoolers engaged in VL 
or PL in three subject domains (balance beam, springs and sinking/floating). In the 
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balance beam and springs domains, the mass of the objects (a property that should 
be multimodally grounded to support learning) is a causal factor affecting the exper-
imental output, but for the sinking/floating domain, the idea that mass affects the 
object’s behavior in water is a common misconception children have (see, e.g., 
Havu-Nuutinen, 2005; Hsin & Wu, 2011; Pavlou et al., 2018). Preschoolers work-
ing in the balance beam and sinking/floating domains had prior understanding of the 
domains, but participants working in the springs domain did not. The mode of 
experimentation did not affect the learning outcome for preschoolers engaged in the 
balance beam domain, but preschoolers who engaged with PL during experimenta-
tion in the domain of springs outperformed the participants in the VL group because 
the haptic sensory feedback offered in the PL group seemed to facilitate the devel-
opment of understanding of the causal effect of mass. However, in the sinking/float-
ing domain, haptic sensory feedback available during experimentation with physical 
materials impeded the development of a scientifically correct understanding, and 
the mass-related idea that “heavy objects sink/light object float” was the most domi-
nant idea used by preschoolers to explain the phenomenon both before and after 
experimentation. Similar findings were also found in the preliminary study (Pavlou 
et al., 2018). The authors concluded that although information about other object 
properties was available, especially through vision, and was at times more salient 
than mass, haptic cues related to the mass of the objects were the most dominant 
perceptual cues that led to the fixation/empowerment of relevant ideas. Hence, pro-
viding haptic sensory feedback during experimentation can be detrimental (for stu-
dents holding relevant misconceptions, as in the sinking/floating domain), beneficial 
(for students with no prior understanding, as in the springs domain) or have no sig-
nificant impact (as for the preschoolers with prior knowledge of the balance beam 
domain). To conclude, it seems that haptic sensory feedback, which is available 
through engagement in PL, is not always a prerequisite for learning (see also 
Zacharia, 2015). In other words, VL can be used under certain conditions as a means 
for experimentation because they can support or even augment the development of 
the understanding of scientific concepts.

1.3 � The Empirical Perspective

VL carry a lot of affordances that can support learning, as highlighted by many 
researchers (e.g., Faulconer & Gruss, 2018; de Jong et  al., 2013; Olympiou & 
Zacharia, 2012; Potkonjak et al., 2016; Zacharia, 2015). For example, VL provide 
the opportunity to experiment with unobservable phenomena (e.g., radiation), to 
manipulate variables (e.g., light rays) and other parameters (e.g., time, spatial 
dimensions, data displays) and to engage with abstract concepts (e.g., symbolic 
representations of light). In addition, VL provide access to multiple users, are cost- 
and safety-efficient and minimize trial errors. Therefore, the empirical literature 
initially focused on exploring whether VL can support teaching and learning and 
specifically, whether their impact can be similar to or even greater than that of 

Y. Pavlou and Z. C. Zacharia



9

PL. There are studies showing an advantage of VL over PL (e.g., Akpan & Andre, 
2000; Bell & Trundle, 2008; Finkelstein et al., 2005) and studies showcasing oppo-
site findings (e.g., Gire et al., 2010; Marshall & Young, 2006). However, the major-
ity of comparative studies do not indicate that one mode of experimentation 
dominates over the other (e.g., Chini et al., 2012; Evangelou & Kotsis, 2019; Klahr 
et al., 2007; Leung & Cheng, 2021; Reece & Butler, 2017; Triona & Klahr, 2003; 
Zacharia & Constantinou, 2008; Zacharia & Olympiou, 2011). Inconsistencies 
between these studies can in part be attributed to the varying affordances carried by 
PL and VL that were utilized, the varying methodological approaches employed 
(D’Angelo et al., 2014; Faulconer & Gruss, 2018; Ma & Nickerson, 2006) and the 
different theoretical perspectives (or in some cases the lack thereof) adopted to pre-
dict and explain the learning outcomes (Reeves & Crippen, 2021).

Nevertheless, literature reviews conducted over the years have pointed out that 
VL has an effect equal to or even greater than that of PL (Brinson, 2015; D’Angelo 
et al., 2014; Faulconer & Gruss, 2018) or other teaching approaches (Rutten et al., 
2012; Smetana & Bell, 2012). Overall, the extant empirical research studies have 
revealed the potential of VL experimentation for enhancing students’ learning 
across grades K-16 (e.g., Potkonjak et al., 2016; Triona & Klahr, 2003; van der Meij 
& de Jong, 2006; Zacharia & Anderson, 2003; Zacharia et al., 2008; Zacharia et al., 
2012). Consequently, it can be argued that VL can provide learning experiences that 
are just as meaningful to students as PL and, considering the many more unique 
affordances carried by VL as opposed to PL, some could argue that under certain 
circumstances, VL could be less “messy”, easier to manage, and more flexible and 
expandable than PL (Klahr et al., 2008), especially if we consider some of the “dis-
advantages” of PL (e.g., space and time restrictions, absence of abstract representa-
tions). Hence, should one mode of experimentation be preferred over the other?

VL and PL have complementary affordances and thus their combination can sup-
port presentation of multiple representations of science concepts (de Jong et  al., 
2013; Olympiou & Zacharia, 2012; Puntambekar et  al., 2021; Zacharia, 2007; 
Zacharia & de Jong, 2014; Zacharia & Michael, 2016). The meaningful integration 
of multiple representations of a concept (e.g., a physical and a virtual/abstract rep-
resentation) can enhance learning to a greater extent than stand-alone representa-
tions (Ainsworth, 2008). For example, in a study by Wang and Tseng (2018), 
third-graders who engaged in the combination condition (VL and then PL) outper-
formed the students who engaged in stand-alone modes of experimentation. Kapici 
et  al. (2019) also reported an advantage of the combination of VL and PL for 
seventh-grade students for the concept of electricity. Even though some studies have 
showcased that the stand-alone use of VL and PL has a greater impact on learning 
than their combination during experimentation (e.g., Gnesdilow & Puntambekar, 
2022), overall, their combination seems to be more beneficial than stand-alone use 
(de Jong et al., 2013; Wörner et al., 2022). Teachers from different educational lev-
els also seemed to support the combination of the two modes of experimentation for 
teaching and learning practice (Tsihouridis, et al., 2019).

Studies investigating the combination of VL and PL (e.g., Achuthan et al., 2017; 
Fuhrmann, et al., 2014; Olympiou & Zacharia, 2012, 2014; Trundle & Bell, 2010; 
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Yuksel et al., 2019; Zacharia, 2007; Zacharia et al., 2008) and the different ways in 
which they can be combined (e.g., at the same time, blended, in sequence), have 
showcased their complementary nature, but nevertheless provide limited informa-
tion on the preeminent affordances of each mode (Lazonder & Ehrenhard, 2014). 
Similarly, because most of the comparative studies focused on improving students’ 
learning (Reeves & Crippen, 2021), VL and PL experimentation were generally 
compared (e.g., as instructional approaches) without necessarily accounting for the 
potential effect of specific affordances. This is a vital underpinning in order to 
achieve optimal combinations for learning (Rau, 2020; Wörner et al., 2022; Zacharia 
et al., 2008). Thus, identifying these unique affordances of each mode of experi-
mentation and their effect on student learning across grades K-16, as well as under-
standing when and under what conditions a particular mode of experimentation, 
along with its unique affordances, becomes more effective is still a critical issue. For 
instance, the community focusing on PL and VL has not yet distinguished the cir-
cumstances under which a unique affordance optimizes learning and whether such 
an effect holds true across grades K-16. For example, does providing abstract repre-
sentations – a unique affordance of VL – support student learning the same way 
across grades K-16? The community also lacks information on how different unique 
affordances interact with each other and how this interaction impacts student learn-
ing. Moreover, the theoretical perspective through which the issue of unique affor-
dances is approached affects the predictions and explanations articulated with 
regard to the impact of VL on learning (Rau & Herder, 2021). In the next section, 
we attempt to synthesize the theoretical and empirical perspective presented in this 
article.

1.4 � Bridging Theory and Research with Practice 
in STEM+ Education

Educational approaches that facilitate STEM+ learning, such as the inquiry-based 
learning approach or the engineering design learning approach, call for students’ 
active engagement and involvement in the learning process (de Jong, 2019). 
Laboratory work is a focal aspect of these approaches, which can be productively 
enacted with virtual and/or physical means (de Jong et al., 2013; Zacharia & de 
Jong, 2014). The role of laboratory experimentation becomes even more crucial 
within STEM+ education, when science is used as the dominant discipline among 
all of the disciplines involved.

Given that both the theoretical and the empirical evidence support the idea that 
both PL and VL are viable means of experimentation for students (e.g., Finkelstein 
et al., 2005; Triona & Klahr, 2003; van der Meij & de Jong, 2006; Zacharia, 2015; 
Zacharia et al., 2008), including preschoolers (Pavlou et al., 2018, under review; 
Zacharia et al., 2012), the palette of experimentation possibilities available to teach-
ers (i.e., use of PL, use of VL, use of combinations of PL and VL) needs to be 
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expanded. In the past decades, research has shown that both VL and PL can support 
learning and that their meaningful combination can be conducive to developing 
multimodal representations of concepts (de Jong et al., 2013; Olympiou & Zacharia, 
2012; Puntambekar et al., 2021; Zacharia, 2007; Zacharia & de Jong, 2014; Zacharia 
& Michael, 2016). However, identifying the situations in which PL and/or VL can 
be utilized to optimize student learning across grades K-16 is still a critical issue.

Olympiou and Zacharia (2012) developed a framework summarizing a series of 
considerations on how to combine/blend PL and VL. Based on their framework, 
contemplation of the affordances of each mode of experimentation (unique or not) 
in conjunction with the learning objectives of each experiment and students’ back-
ground (e.g., prior conceptions, skills) is vital. The framework was validated in 
studies concerning undergraduate students (Olympiou & Zacharia, 2012, 2014) and 
primary school students (Zacharia & Michael, 2016) that exhibited the advantages 
of blending the two modes of experimentation instead of using VL or PL alone. The 
framework can support the decision-making process when designing laboratory 
experimentation activities for STEM+ initiatives with the integration of VL and 
PL. Below, we discuss – and extend – some of the key considerations integrated in 
this framework, in conjunction with the relevant literature.

Research has shown that despite the overlapping affordances of VL and PL 
offered during experimentation (e.g., manipulation of material, perceptual ground-
ing for abstract concepts), their unique affordances can affect learning in a different 
manner (for more details, see Olympiou & Zacharia, 2014; Zacharia, 2015). On the 
one hand, the ability to visualize abstract concepts (e.g., light rays, particles, current 
flow) and modify parameters, such as time and dimensions, is a unique affordance 
of VL.  For example, in a study by Finkelstein et  al. (2005), university students 
working with a virtual laboratory for electrical circuits in which they could manipu-
late parameters (e.g., voltage) and visualize current flow outperformed the students 
working with physical materials, to whom such affordances were not offered. A 
study by Zacharia and de Jong (2014) highlighted the learning benefits of using VL 
prior to PL for the understanding of complex circuits because the virtual environ-
ment offers the additional visualization of the current-flow. The appropriate consid-
eration of these affordances for this subject domain (see, e.g., Zacharia & Michael, 
2016) can facilitate the appropriate blending of both modes of experimentation to 
support development of multimodal understanding.

On the other hand, the availability of haptic sensory feedback during manipula-
tion is a unique affordance of PL. According to haptic perspectives on learning and 
empirical studies (e.g., Han, 2013; Lazonder & Ehrenhard, 2014; Pavlou et  al., 
under review; Zacharia et al., 2012; Zacharia, 2015), the presence/absence of haptic 
sensory feedback can affect learning; hence, the identification of the conditions 
under which it can be beneficial or detrimental during experimentation can support 
the optimal integration of VL and PL in STEM+ education. The development of 
understanding of concepts such as forces (e.g., Han, 2013; Zohar & Levy, 2021), 
mass/weight (e.g., Lazonder & Ehrenhard, 2014; Pavlou et  al., under review; 
Zacharia et al., 2012) and magnetic fields (e.g., Reiner, 1999) seems to benefit from 
interaction with haptic stimuli. Haptic sensory feedback is possibly even more 
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essential for students with no prior embodied experience/knowledge of a domain, 
for whom haptic cues can enhance concept-specific understanding when visual cues 
alone are not adequate for solving a task (e.g., Pavlou et al., under review; Qi et al., 
2021; Zacharia et al., 2012; Zohar & Levy, 2021). However, it should be taken into 
account that haptic cues related to a students’ misconception might also hinder 
learning (i.e., lead to a fixation/empowerment of the misconception) as in the sink-
ing/floating domain of the Pavlou et al. (under review) study.

In addition, based on the theoretical perspective in this article, the lack of embod-
ied experiences with a domain seems to be a vital consideration when selecting/
combining VL and PL. The initial sensorimotor grounding of scientific knowledge 
in STEM classrooms through hands-on approaches can support the development of 
abstract knowledge (Hayes & Kraemer, 2017). When prior knowledge/embodied 
experience with the concepts under investigation is lacking, then the use of PL dur-
ing experimentation will most likely significantly improve the learning outcome 
(e.g., Pavlou et al., under review; Zacharia et al., 2012). For example, if students do 
not have any prior experience with a domain, PL can proceed VL to provide such 
experiences, especially when haptic manipulation (in combination with other 
modalities) can enhance conceptual understanding. To amplify the effect of embodi-
ment, there should be a strong relation between the task at hand and the bodily 
movements enacted by the students working in a virtual or physical environment 
(e.g., Johnson-Glenberg, 2019; Mavilidi et al., 2017; Qi et al., 2021; Skulmowski & 
Rey, 2018; Zohar & Levy, 2021).

Of course, the need to provide embodied experiences (including haptic sensory 
feedback) might not be as vital for older students because such experiences were 
probably acquired during their early years through formal and/or informal learning, 
an argument that can even support the stand-alone use of VL (especially when con-
sidering the importance of distance/online learning). This argument agrees with 
empirical research that has shown an advantage or equal effect of VL on learning for 
a variety of domains and disciplines for students in primary school and older 
(Brinson, 2015; Zacharia, 2015). Nevertheless, the reliance of younger children on 
sensorimotor experience indicates the importance of using PL during experimenta-
tion. However, studies with preschoolers (Pavlou et al., 2018, under review; Zacharia 
et al., 2012) have shown that under certain conditions, the use of VL can also facili-
tate learning for younger children. Given that empirical research has focused on 
older students (for details, see Zacharia, 2015), our understanding of the situations 
in which VL can support learning in early childhood education is still limited.

Another aspect that should be taken into consideration when selecting a means 
of experimentation for STEM+ enactments is factors related to the affective domain. 
For example, Justo et  al. (2022) found that even though VL and PL had similar 
effects on the learning of basic engineering concepts, students’ motivation increased 
with the use of physical materials. As Tsihouridis et  al. (2019) also highlighted, 
primary students usually favor PL, whereas older students prefer VL. Hence, aspects 
other than learning (which were not the focus of this article, for example, the 
enhancement of students’ skills or attitudes) can also guide the decision about which 
mode of experimentation is more appropriate.
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The additional value of VL in education is no longer disputed, and research 
seems to be turning towards addressing the question of “which one is better” in what 
instances, how and for whom (de Jong, 2019). As noted in this article, the theoreti-
cal underpinning guiding how these questions are being examined does matter for 
the instructional design and the way the findings are explained (see Rau, 2020; Rau 
& Herder, 2021). Combining empirical and theoretical perspectives is essential. In 
addition, the current literature portrays the complex interplay between aspects, such 
as the affordances of each mode of experimentation, the concepts under investiga-
tion (e.g., haptic cues can augment concept-specific understanding) and students’ 
prior embodied experiences/knowledge (including their misconceptions). However, 
the influence of this interplay on students’ learning and the possible dominance of 
one aspect over others (e.g., whether students’ misconceptions can impede concept-
specific understanding in VL/PL) is yet unclear; research is still needed to develop 
a comprehensive framework for the optimal integration of PL and VL in STEM+ 
education.
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Chapter 2
Problematisation, Narrative and Fiction 
in the Science Classroom

Catherine Bruguière and Denise Orange Ravachol

2.1 � Introduction

Several studies have already investigated and discussed the complex relationships 
between science and narratives, and put forward proposals for the classroom 
(Avraamidou & Osborne, 2009; Hadzigeorgiou, 2016, Orange Ravachol, 2017). 
Our research contributes to this body of work. Its originality lies in the fact that, 
whilst being situated in the same theoretical framework of learning through prob-
lematisation, it looks at using narratives to construct scientific knowledge from two 
slightly different approaches:

–– An approach which considers that the use of realistic fiction can contribute to 
constructing problematised biological knowledge.

–– An approach which considers that some forms of narrative, in particular story-
telling, actually hinder the construction of biological knowledge.

These partially contradictory standpoints are useful when examining the extent to 
which fictional narratives can contribute to constructing problematised biological 
knowledge and under what didactic conditions the transposition of biological 
knowledge in fictional narratives can be considered to be an asset from a didactic 
perspective. They also lead us to question how shifting towards extra-ordinary 
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forms of reasoning (as opposed to ordinary common-sense reasoning) allows us to 
move away from storytelling. In the first part of this paper, we will present the epis-
temological and didactic theories underpinning this work. We will then characterise 
the two approaches using a number of examples. Finally, we will highlight and 
discuss their compatibility, before looking at the possible implications for curricula.

2.2 � Epistemological and Didactic Theory

2.2.1 � Problematisation and Scientific Knowledge

Our research concerns learning in a rationalist framework (Bachelard, Popper, 
Canguilhem). The construction of scientific knowledge, by scientists or school 
pupils, is based on working through explanatory problems, with a view to identify-
ing a common-sense explanation for the situation and then going beyond this. This 
construction does not focus on the starting points (the problem tackled) and end 
points (explanations seen as solutions) of the scientific work. Instead, it concen-
trates on what occurs between the posing of the problem and its resolution. In other 
words, it deploys a sort of investigation which not only aims to find a solution to the 
problem, but also seeks to identify the necessities which constrain this solution. 
This approach, which focusses on the work of explicitly stating problems in order 
to construct scientific knowledge, is problematisation (Fabre & Orange, 1997). It is 
a demanding approach which, within a specific framework (incorporating the use of 
different types of reasoning), explores the possible, impossible and necessary in the 
solutions (explanatory models) and how these can be controlled using critical think-
ing and empirical investigation. The knowledge built is not limited to solutions to 
the problems (assertoric knowledge), but is also characterised by necessity (apodic-
tic knowledge). In the sciences, knowing is not only ‘knowing that’; it is also know-
ing ‘why it cannot be otherwise…’ (Reboul, 1992).

2.2.2 � Science and Narrative

The sciences (including biology) and scientific research are human and cultural 
endeavours in which narrative and fiction clearly have a role to play. However, 
“when we invent worlds which are possible in fiction, we never really leave the 
universe we know” (Bruner, 2002, p. 82). Popper (1985, p. 191) established a rela-
tionship of filiation between myth and science. He writes that what we call ‘science’ 
distinguishes itself from myth, not by the form it takes (in both cases it involves 
telling a story to explain a phenomenon), but because it introduces a correlate, 
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critically analysing this story through discussion, comparing it with other possible 
stories and with empirical evidence. In this way he separates scientific knowledge 
from our highly subjective, common knowledge, and places it in a third world – ‘a 
world without a knowing subject’. This is an objective and autonomous world, 
whose ‘inhabitants’ are the theoretical systems, the problems and the state of these 
problems (state of discussion, state of exchanging critical arguments) (Popper, 1991).

The sciences, through their proximity to and conflict with narratives, should 
therefore on the one hand make ‘responsible use’ of stories (Bruner, 1996), in order 
to preserve the relevance of the problem and critical depth of the work, and, on the 
other hand, remove themselves from common knowledge, which is so effective in 
terms of the shortcuts it takes in its reasoning (ad hoc causes, simple causality, for 
example). As Bachelard puts it, “in common knowledge, the facts are linked to the 
reasons far too quickly. From the fact to the idea, the circuit is far too short” 
(1938, p. 44).

2.2.3 � Fictional Narratives and Scientific Problematisation: 
The Notion of Realistic Fiction

Through the notion of realistic fiction (Bruguière & Triquet, 2012) we have charac-
terised certain fictional narratives for use as didactic objects suited to the problema-
tised construction of biological knowledge. Our work differs from the more 
psychology and epistemology-focused studies (Egan, 1986; Hadzigeorgiou, 2016) 
which look at the impact of stories on students’ recall, emotional involvement and 
motivation. Here, we assign the narrative and the fiction a cognitive function thanks 
to the narrative’s capacity to question the objects of the world (Barthes, 1966) on the 
one hand, and to the fiction’s capacity to represent possible worlds on the other 
(Eco, 1979). The fictional narratives we consider to have this didactic potential are 
fictional stories which do not provide any answers, never mind any scientific expla-
nation as is the case for the explanatory stories (Reiss et al., 1999), but in which the 
plot is constrained by underlying scientific phenomena, and in which the fiction, 
because it creates possible worlds close to the real world of the pupil, unfolds in the 
pupils’ spheres of reference. In these fictional narratives, neither the scientific phe-
nomena which guide the unfolding plot nor the variations in scientific knowledge in 
the fiction’s possible worlds are mentioned explicitly. These realistic-fiction narra-
tives can therefore generate problems in terms of interpretation (Eco, 1979) and lead 
the reader to actively contribute to questioning this scientific knowledge. This 
involves working on the characteristics of these realistic-fiction narratives, such as 
the complexity of the plot and the contrast between characters’ intentional and unin-
tentional actions (caused by biological phenomena), all of which are levers for prob-
lematisation (Bruguière & Triquet, 2012).
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2.3 � Narratives in Learning About Biological Phenomena

2.3.1 � Reasoned Interpretation of Works of Realistic-Fiction

Here we propose a case study based on the interpretive study of the realistic-fiction 
picture book La promesse (Willis & Ross, 2010), with the aim of problematising the 
concept of animal metamorphosis with young primary school pupils. In this book, 
the animal characters undergo the metamorphoses inherent to their species, but 
against their will. When working on their comprehension of the reasons for the 
events that go against the characters’ wishes, the pupils are confronted with a num-
ber of epistemological obstacles (Rumelhard, 1995, Triquet & Bruguière, 2014) 
inherent to the problematising of the concept of animal metamorphosis including:

–– the obstacle of the non-permanence of the species.
–– the obstacle of an instantaneous, radical, intentional metamorphosis.
–– the obstacle of the primacy of perception over conceptualisation, which hinders 

their understanding of the invisible nature of the profound changes which take 
place during the metamorphosis.

This didactic situation is led by a teacher, who is part of our collaborative research 
team, with the pupils in her class who are all 6 or 7 years old. They are asked to 
interpret the last four pages of this picture book after looking at the first four pages. 
In this opening section, the tadpole character, living in a pond makes a promise to 
“never change” to the caterpillar character who lives on a branch of a willow tree. 
However, this promise made out of love is undone as first the tadpole grows front 
legs, then back legs, despite renewing its promise each time. In the last four pages, 
the characters are now adults. The butterfly and the frog no longer recognise each 
other and while they are looking for each other, the frog eats the butterfly. The 
analysis focusses on two excerpts during an interpretive reading of the end of the 
story when the frog eats the butterfly (Excerpt 2.1).

Excerpt 2.1
Teacher: How can we be sure that the butterfly is the same as the caterpillar at 

the beginning of the story?
Émilie: Because we know that at the beginning of the story the caterpillar 

calls the tadpole ‘my shiny black pearl’ and then says it again later on.
Teacher: So, it’s because it uses the same nickname. Is there anything else which 

tells us that the butterfly is the caterpillar from the beginning of the story?
Enzo: Because the caterpillar is fat and multi-coloured.
Teacher: Oh, well, for the colours all right, we have the same colours as at the 

beginning, so that could be a clue; there’s the nickname, then the colours. 
And how do you know the frog is the tadpole? It’s not obvious, is it?

Younes: Because at the end the legs have grown.
Teacher: Yes, but maybe it’s a different frog; we don’t know what happened in 

the middle of the story. How do we know it’s not a different frog?
Clara: Because at the end the frog is waiting for their beautiful rainbow.
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In this excerpt, the pupils are invited to think about the identity of the frog and 
the devoured butterfly: “How can we be sure that the butterfly is the same as the 
caterpillar at the beginning of the story?” and “How do you know the frog is the 
tadpole? It’s not obvious, is it?” the teacher asks. The aim is to grasp the continuity 
between the tadpole/frog character and the caterpillar/butterfly character despite the 
fact that the characters do not recognise each other at the end of the story, so that the 
pupils can confront the problem of the permanence of living beings during their 
metamorphosis. The questioning takes place on two levels. On the narrative level, it 
involves understanding why the characters no longer recognise each other at the end 
of the story, despite knowing each other at the beginning of the story. On the scien-
tific level, it involves identifying the permanence of a living organism despite its 
morphology changing over time.

The pupils identify the clues that point to this continuity. The first clue concerns 
the nickname given to the characters, as expressed by Emilie: “Because we know 
that at the beginning of the story the caterpillar calls the tadpole “my shiny black 
pearl” and then says it again later in the book” or as Clara puts it: “The frog is wait-
ing for their beautiful rainbow.” The second clue identified is that the caterpillar and 
the butterfly share similar colours: “Because the caterpillar is fat and multi-coloured” 
(like the butterfly), says Enzo. The third clue concerns the continuity of form, as 
suggested by Younes: “Because at the end the legs have grown.” It could be argued 
that the pupils agree on the continuity of the butterfly and frog characters by focus-
sing on the similarities between the adult and larval forms. Although this allows 
pupils to grasp the idea of the permanence of species, it might also reinforce the idea 
that the adult form is derived from the larval form and mitigate the profound and 
invisible changes undergone during metamorphosis. This is precisely what the 
teacher tries to get the pupils to work on when interpreting Excerpt 2.2.

Excerpt 2.2
Teacher: At the start of the story, the tadpole and the caterpillar were in love. 

How you would describe their relationship now as a frog and a butterfly?
Nawel: Before, at the beginning, the tadpole lived in the water. Later they 

arrange to meet, and at the end, the frog didn’t realise that it had eaten ‘its 
rainbow’.

Teacher: Could the tadpole have eaten the caterpillar before?
Milo: Well, no, it isn’t possible, because if the caterpillar falls into the water, 

it will die, and if the tadpole comes out of the water, it will die, too.
Teacher: And, therefore, can the frog eat the butterfly?
Milo: Yes, they are still in love, but the frog didn’t recognise the caterpillar, so 

it ate it.
Émilie: In fact, it’s not surprising that the frog eats the butterfly because the 

butterfly is an insect and frogs eat insects.
Teacher: So, for you, the end of the story is logical.
Neila: I kind of agree with Émilie because butterflies are insects, but if it had 

known that it was the caterpillar which had transformed itself, I’d say that 
it wouldn’t have eaten it.
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In this excerpt, the teacher turns the pupils’ attention to understanding the ending 
to the story when the frog eats the butterfly. More specifically, she focuses on the 
conditions of possibility of this ending: How is the frog able to eat the butterfly at 
the end of the story when at the beginning of the story this predatory relationship is 
not possible? She does this by formulating questions which move away from the 
narrative towards what is possible and impossible: “Now how would you describe 
their relationship as frog and butterfly” […] “Could the tadpole have eaten the cat-
erpillar before?” […] “And, therefore, can the frog eat the butterfly?”

The first biological reason suggested by the pupils concerns the environment: 
For the predation to occur, the animals must be in the same environment. As Nawel 
puts it: “Before, at the start, the tadpole was down below in the water,” meaning the 
tadpole was not in the same environment as the caterpillar and “Later they arrange 
to meet,” meaning they find themselves in the same environment. Milo goes a step 
further by explaining why it is impossible for the tadpole and the caterpillar to live 
in the same environment at the beginning of the story: “Well, no, it isn’t possible, 
because if the caterpillar falls into the water, it will die, and if the tadpole comes out 
of the water, it will die, too.” The second reason relates to the animals’ diets. “It’s 
not surprising that the frog eats the butterfly because the butterfly is an insect and 
frogs eat insects” explains Émilie, a statement confirmed by Neila. The pupils do 
not directly consider the profound transformations themselves, but rather their con-
sequences, i.e. the change in environment and change in diet.

By making sense of the narrative, the pupils come to question the real-life phe-
nomena, working off their own understanding of animal metamorphosis. The pupils 
work together to explore the possibilities and identify the conditions of possibility 
governing the transformations of the animal characters, within the restricted frame-
work of the fictional narrative. This leads them to compare and contrast the change/
permanence of living organisms’ duality, as well as the visible/invisible transforma-
tions duality. One of the major benefits of these realistic-fiction picture books is that 
it allows this problematisation work to take place, something which is not possible 
when using a non-fiction work which sets out the facts and solutions with lit-
tle debate.

2.3.2 � Methods of Narrative Reasoning 
and Scientific Problematisation

From our perspective, science education should give pupils access to new ways  
of seeing the world, new ways of thinking which go beyond what is considered 
common knowledge. In order to achieve this, it is important to go beyond the  
teaching of scientific results – “teaching scientific results is not science education” 
(Bachelard (1938, p. 264). It is important that pupils be confronted with biology 
problems with real epistemological substance and asked to work on them, as this will 
allow for proper involvement in the process of constructing scientific knowledge. 
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Furthermore, building on the work by Astolfi (2008), and within the framework of 
problematisation, we place particular importance on putting pupils in the right con-
ditions to provide them with reasoned access to ways of thinking which go beyond 
the ordinary – what we call here ‘extra-ordinary reasoning’. This is achieved by 
going beyond the tendency to provide explanations through storytelling. Here, three 
case studies in nutritional biology are used to investigate the conditions in which 
pupils can be led to adopt extra-ordinary reasoning: One in a primary school setting 
and two in secondary school settings. Epistemological and didactic markers are then 
used to analyse the pupils’ statements.

First example: breathing at primary school (pupils, 8–10 years old).

The teacher wanted to go beyond the notion of inhalation and exhalation (air going 
in and out of the lungs). She explains to the class that the air we breathe is a mix of 
oxygen and nitrogen, and that nitrogen is not useful for our body, but oxygen is a 
vital requirement. She shows the pupils a magnified representation of the composi-
tion of air (Fig. 2.1a). Then, in groups of three or four, the pupils are asked to answer 
the following question: “How do all the different parts of your body get oxygen 
from the air you breathe?” They are asked to produce a diagram with legends and 
explanations on a poster on which an outline of a human body has already been 
drawn. Then the groups present and discuss their posters (Orange et al., 2008).

This written work produced by the pupils (for example: group 2, fig. 2.1b) and 
the discussion show the pupils’ explanations have two main characteristics:

Fig. 2.1  The explanation of breathing proposed by one group of pupils (8–10 years old). (a) The 
main gas components of air (b) The poster produced by group 2
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–– A clear tendency to provide explanations using storytelling

Some of the pupils think about the distribution of blood around the body accord-
ing to a schematic representation: blood production (in the heart, for example), dis-
tribution via the blood vessels and use by the different parts of the body. This is an 
irrigation-type explanation. It is based on a series of steps which are linked both by 
chronology and causality. This type of explanation by storytelling is characteristic 
of human thought (Bruner, 2002).

–– Intra-objectal explanations

Let us take a look at what ERW, a pupil in the class, says: “And the heart, when 
it’s too old… the old blood goes back to the heart and then the heart, well, actually….”

He disputes the basic irrigation explanation and proposes the notion that the 
blood returns to the heart, which leads the class to work on the notion of circulation. 
However, this circulation is conceived as the old blood returning to the heart to be 
rejuvenated. In other words, his explanation is based on the quality of the blood 
considered as a whole, rather than on the idea of the blood as a container or means 
of transportation. Moreover, we can see that this idea of the blood as a single entity 
is reproduced in the poster: There is no figurative representation of the oxygen (dots 
on the top left of the poster) inside the blood vessels, only of the blood. The pupils 
thus build their explanations based on the qualities assigned to the objects  
(the blood) rather than the relationships between objects (the blood as a carrier of 
oxygen): They are intra-objectal rather than inter-objectal (Piaget & Garcia, 1983).

These two types of explanation, storytelling and intra-objectal reasoning, are 
also proposed by older pupils when tackling problems in nutritional biology or 
other areas. This contrasts with the scientists’ explanations for whom addressing the 
nutritional biology problem requires going beyond storytelling, using inter-objectal 
reasoning, and moving away from irrigation and towards circulation.

Second example: blood circulation (pupils, 16–17 years old).

The pupils first work on how the muscles in the body are supplied with oxygen. 
This is something they had already studied a few years prior. The class does not 
have much difficulty in agreeing on a double circulation diagram (Fig. 2.2).

The pupils are then asked to complete the diagram, modifying it as they see fit to 
take into account the fact that not only do the muscles need oxygen, but also nutri-
ents, and that, as well as producing CO2, they also produce nitrogenous waste 
including urea, discharged in the urine.

Here are two representative examples of the work produced by pupils when  
trying to answer this question (Fig. 2.3).

These two explanatory models position all the organs in series. They are based 
on storytelling:

The blood is supplied with oxygen in the lungs; then it recovers nutrients in the intestines, 
before taking everything to the muscle, where it loads up the nitrogenous waste and CO2 
which it eliminates via the kidneys and the lungs, respectively.
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Fig. 2.2  Double blood 
circulation

The pupils’ attachment to explaining through storytelling is striking when they are 
given a circulatory model based on current scientific knowledge with which to com-
pare their diagrams (Fig. 2.4).

Many pupils say they do not understand how this model can function. They iden-
tify several points as being particularly problematic:

–– They think that it is inefficient for the nutrients absorbed into the blood in the 
digestive tube to go round the whole system before reaching the muscles.

–– They see the situation regarding the nitrogenous waste as even more critical. 
They would prefer for this waste to be taken directly to the kidneys to get rid of 
it as quickly as possible. However, in this diagram, not only is this waste carried 
all the way around the system via the heart (twice) and the lungs, but also there 
is no guarantee it will ultimately pass through the aorta into the renal artery. They 
are extremely disturbed by the idea of this “dirty” blood flowing around the body.

This difficulty in thinking about the treatment of the nitrogenous waste in the model 
with the muscles and kidneys connected in parallel is due to the fact that the pupils 
cannot simply tell the story of what happens to this nitrogenous waste, as the fate of 
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Fig. 2.3  Two examples of pupils’ work (16–17 years old). (Orange & Orange, 1995)

PULMONARY CIRCULATION

GENERAL CIRCULATION

 circulation
pulmonaire  artère

pulmonaire
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veine
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sang riche en dioxygène Oxygenated blood
Deoxygenated bloodsang pauvre en dioxygène

 veine
cave

 poumon

 rein
 coeur

 intestin

 circulation
générale

Fig. 2.4  Blood circulation (muscles, intestines and kidneys in parallel)

these molecules is not determined a priori. This means they have to change their 
point of view and use a compartmental explanation, which no longer reasons in 
terms of the story of what happens to the waste molecules, but in terms of inflows 
and outflows within the body and the concentration thresholds of the substances  
in the blood.
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Third example: molecular renewal (pupils, 16–17 years old).

The pupils have thought individually and then in a group about how an animal 
cell works. Comparing the work produced allows them to create a diagram showing 
an overview of how a living organism functions and how any given cell within this 
organism works. The diagram summarises the processes (respiration and cell syn-
theses) referenced by the pupils, but the type of diagram imposed by the teacher is 
compartmental, showing inputs and outputs of matter. This aims to move away from 
the conventional blood circulation/cell or organ representations and thereby move 
away from telling the stories of molecules. The study continued by looking at 
molecular renewal, which allowed the pupils to complete the diagram, adding to the 
cell diagram an arrow moving from the big organic molecules (bOM) to small 
organic molecules (sOM) as the big organic molecules release small organic mole-
cules (Fig. 2.5).

After this session, two pupils asked to see the teacher as they were having trouble 
making sense of the diagram. They did not understand how it could work:

I don’t know if that is what happens first.’ ‘So, first of all you eat the SOM, then the SOM 
go directly to the O2 and make energy and then you have other SOM which arrive at the ….

These pupils want to tell a story, but as they do so, they get to a point where they 
cannot continue, as the story does not correspond to the diagram.

This third example again shows the pupils’ tendency to explain using story-
telling, in which the chronology provides a causal explanation, and intra-objectal  
reasoning, in which objects have specific properties. These are very real obstacles to 

Fig. 2.5  An overview of the functioning of a living organism and its cells. (Orange, 1997)

2  Problematisation, Narrative and Fiction in the Science Classroom



32

understanding how complex systems function and to building reasoned scientific 
knowledge in the field of biology. It is important to take this trend seriously, as these 
types of ordinary explanations structure pupils’ thinking and are found in numerous 
biology problems. When studying biological systems, two types of extra-ordinary 
reasoning need to be acquired, namely systemic reasoning and inter-objectal 
reasoning.

2.4 � Discussion

In the theoretical framework of learning by problematisation, should we see narra-
tives as a help or hinderance in the construction of reasoned scientific knowledge?

In terms of modes of reasoning, we can oppose the stories told by the pupils and 
the scientific explanations. Faced with the same problem, the former will mobilise 
objects (blood, small organic molecules, etc.), as characters with capacities and/or 
functions and/or their own intentions, carried along by events, the sequence of 
which conjugates syncretistically temporality and causality, with the limited con-
straints resulting in a multiplicity of possibilities. The latter will instead start with 
possible explanations verified against the impossibilities and necessities. It is, how-
ever, interesting to question the types of storytelling concerned. Because in addition 
to “journey stories” and chronicles (Orange Ravachol & Guerlais, 2005), there are 
also stories which lead to explanatory impossibilities and thus become levers for 
building apodictic knowledge.

In terms of the interpretive reading of realistic fiction, we have shown that these 
can encourage pupils to look for scientific explanations, or at least the biological 
facts required to understand the plot. In certain didactic conditions, the pupils 
engage in constructing problems by exploring the possibilities within the restricted 
framework of a fictional narrative. However, reading these works of fiction does not 
allow for the testing of necessities, which need to be supported by other types of 
scientific investigation.

2.5 � Conclusion

Given the importance placed on narratives in our common knowledge, it might 
seem paradoxical to focus attention on them when building apodictic scientific 
knowledge in the science classroom. There are therefore two choices as regards 
learning: Research the conditions under which these narratives can be excluded, or 
study their complexity and look for levers to go beyond the constraints of some of 
their forms. We have chosen to pursue the second option. Our focus on working on 
problems encourages exploration and discussion of the explanatory possibilities and 
impossibilities, in a doubly-restrictive framework, that of the different forms of 
epistemology we reference, and of the school timetable. In this process, language 
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practices (argumentation, oral productions in interaction with written productions) 
are fundamental, as well as teacher guidance to stop pupils falling into the trap of 
putting forward unquestioned proposals, standardised by true and false, and to guide 
them towards proposals supported with reasons and transformed through the logic 
of the possible/impossible/necessary. In this way, pupils are led to look objectively 
at both the conceptions and types of reasoning they use, and the benefits and limita-
tions of the forms of narrative supporting their explanations.
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Chapter 3
Using External Representations to Support 
Mathematical Modelling Competence 
in Biology Education

Benjamin Stöger and Claudia Nerdel

3.1 � Models in Modern Society

Models are one of the most important tools in the natural sciences. This became 
very clear during the coronavirus disease 2019 (COVID-19) pandemic in 2020. 
Mathematical models were used to predict the course of the pandemic. Government 
action was considered and integrated into the forecasts. This is an example of the 
use of models and modelling as a central aspect of scientific inquiry. Modelling 
tasks are characterised by their interdisciplinarity. This becomes clear especially 
through problems in everyday life. Due to their interdisciplinary character, these 
can usually only be solved with the help of several different fields.

Therefore, a setting from the field of biochemistry is particularly suitable for 
teaching biological concepts and working methods, as it already represents a recog-
nised interdisciplinary field. In addition, it provides the basis for central subject 
areas of biology, such as cell biology (e.g. lipid bilayers), animal and plant physiol-
ogy (e.g. glycolysis and photosynthesis) or genetics (e.g. how RNA polymerase 
works). This shows that both chemical and biological subject concepts are neces-
sary for this subject. Therefore, it must be considered fundamental to the teaching 
of modern STEM-classes to include interdisciplinary tasks. Müller et  al. (2018) 
concluded mathematical knowledge as a predictor of success in science. Mathematics 
is seen as a catalyst for achieving competence in the natural sciences. This impli-
cates the importance of mathematical knowledge for understanding models. 
However, at this point it must be emphasised that scientific knowledge is also neces-
sary to derive a valid mathematical model from a scientific model. Nevertheless, 
mathematics is one source of students’ difficulties in learning natural sciences 
(Müller et al., 2018).
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3.2 � Theoretical Background

3.2.1 � (Mathematical) Models

Mahr (2008) distinguished between the model and the modelled object. The model 
focuses on the original idea; the modelled object is mostly what is understood as the 
model. This heterogeneity of models (in combination with models’ illustration fea-
ture ‘models being representations’) allows the derivation of additional domain-
specific functions of models. An example is the elimination of misconceptions 
through conceptual change (Krüger, 2007; Posner et al., 1982). Furthermore, the 
simplifications that are made possible by models improve the communication of 
technically correct information (Krell et al., 2019).

Therefore Mahr (2008) distinguished between two perspectives: model usage 
and model creation. The ‘creation’ perspective focusses on the induction of views, 
experiences, measurements, characteristics, findings, or rules through selection and 
generalisation (Grünkorn et al., 2014; Upmeier zu Belzen & Krüger, 2010). The 
opposite is true from the perspective of ‘usage’. The deduction of a modelled object 
to facilitate multiple applications of the model is foregrounded (Mahr, 2008). 
Mathematical models are understood as models based on mathematical relations, 
functions or methods.

Reiss and Hammer (2012) described mathematisation as an ‘essential element of 
working in physics,’ thus spanning the important arc from mathematics to the natu-
ral sciences. The corresponding mathematical modelling has been described by Eck 
et al. (2017) as the translation of concrete problems in applied sciences into well-
defined mathematical tasks. They described two essential aspects of mathematical 
models: A concrete application problem as a basis, as well as the simplification of 
the application problem during the modelling process.

3.2.2 � Modelling Competence

The ability to construct, apply and evaluate models is understood as modelling com-
petence (Grünkorn et al., 2014; Upmeier zu Belzen & Krüger, 2010; Blum & Leiss 
2007). They distinguished specialist knowledge from modelling competence, which 
is assigned primarily to knowledge acquisition. They identified two dimensions of 
modelling competence: ‘knowledge about models’ and modelling’ (Upmeier zu 
Belzen & Krüger, 2010, p. 50). Upmeier zu Belzen and Krüger (2010) defined the 
aspects of the ‘knowledge about models’ dimension as the ability to understand 
models as reconstructions from the creation perspective and to consider the possi-
bility for alternative reconstructions. Whereas modelling describes the process of 
gaining knowledge, this process includes different steps. Therefore, they identified 
three aspects of the modelling dimension: The dimension ‘purpose of models’ refers 
to the understanding of models as useful reconstructions; the dimensions ‘testing’ 
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and ‘revision’ refer to the ability to test or to apply models to phenomena and to 
modify them if necessary (Grünkorn et al., 2014; Upmeier zu Belzen & Krüger, 
2010). They identified three levels for each sub-competence. The levels differ in the 
description of the relationship between the model and reality, and the role of con-
cepts in dealing with models. At the first level, models are classified by their level 
of representation. At the second and third levels, the classification is based on the 
usage and creation perspectives (Mahr, 2008). The levels are not hierarchical 
(Mahr, 2008).

For the special case of mathematical modelling, Borromeo Ferri et  al. (2013) 
developed even more precise components, which are based on the modelling com-
petences identified by Maaß (2004) and Kaiser (2007). These result from the differ-
ent steps within the mathematical modelling process that are necessary to 
successfully complete a process. The components are understanding, simplifying, 
mathematising, interpreting, validating, and communicating. The components are 
deduced sequentially, thereby facilitating the development of modelling cycles.

3.2.3 � Modelling Cycles

Modelling cycles allow chronological splitting of the whole modelling process and 
provide insight into the modelling process (Grünkorn et  al., 2014; Upmeier zu 
Belzen & Krüger, 2010).

Mathematical Modelling Cycle (Blum & Leiss, 2005)
Blum and Leiss (2005) (Fig.  3.1, blue), Borromeo Ferri (2006), and Blum and 
Borromeo Ferri (2009) developed the mathematical modelling cycle.

The first category is ‘real situation’. It describes a macroscopic problem, task or 
phenomenon. Followed by creating a mental representation, the situation model, on 
the base of the real situation (Blum & Borromeo Ferri, 2009; Blum & Leiss, 2005). 
It corresponds to the constructed multiple mental representations of the presented 
situation, as described by Kintsch and van Dijk (1983) for texts and Schnotz (2001) 
for pictures and diagrams. The following real model is created through the addition 
of knowledge from memory to the situation model (Borromeo Ferri, 2006). The 
developed real model is formalised into a mathematical model through additional 
mathematical knowledge (Kimpel, 2018). The resulting description of the mathe-
matical model allows the use of mathematical methods to determine a mathematical 
result (Borromeo Ferri, 2006). The translation or interpretation of the mathematical 
results into real results occurs before the final step, ‘validation’ (Borromeo Ferri, 
2006). Validation is performed to determine the plausibility of the real results.

Chemical Modelling Cycle (Schmidt & Di Fuccia, 2012)
Schmidt and Di Fuccia (2012) applied the modelling cycle to chemistry (Fig. 3.1, 
green). They inserted an additional area ‘chemistry’ between mathematics and real-
ity (referred to as ‘the rest of the world’). Accordingly, ‘the rest of the world’ area 
represents only the macroscopic area of a subject. Furthermore, the mathematical 
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Fig. 3.1  Mathematical modelling cycle and mathematical modelling cycle for chemical contexts. 
(Blum & Leiss, 2005; Schmidt & Di Fuccia, 2012)

results need to be checked not only for mathematical, but also for chemical plausi-
bility. This translation from macroscopic phenomena to mathematical symbols indi-
cates that chemical phenomena can be described through models at different aspects 
according to Johnstone (1991). Thus, phenomena can be described or explained 
through symbolic and sub-microscopic models and representations (Kimpel, 2018).

3.2.4 � Multiple External Representations

Each representation has strengths, such as organising diagrams (Larkin & Simon, 
1987). Multiple representations, like simultaneous presentations of familiar and 
unfamiliar representations, can help to prevent misinterpretation (Ainsworth, 1999).

Schnotz and Bannert (2003) identified two channels for the cognitive analysis of 
descriptive representations (e.g. text) and depictional representations (e.g. dia-
grams). Descriptive representations are processed in two steps sub-semantically and 
semantically in learners’ working memory. Through sub-semantic processing, 
words, word groups and complete sentences are identified and analysed (Schnotz, 
2001, 2002). A mental representation of the text surface is then formed. The text 
surface, organised in cognitive schemata, can be activated during semantic process-
ing and enables the creation of a coherent propositional representation (Schnotz, 
2001, 2002). The second channel focusses on the processing of depictional repre-
sentations. Information is also processed first sub-semantically, through the percep-
tion of the image as a whole, as well as its graphic design elements (Schnotz, 2001). 

B. Stöger and C. Nerdel



39

The mental model of the illustration is constructed from this visual image through 
semantic processing (Schnotz, 2001). This informed the structural model developed 
by Lachmayer et al. (2007) to describe the processing of diagrams. There are close 
interactions between mental models and propositional representations (Schnotz & 
Bannert, 2003). This includes mutual transference via the cognitive processes of 
model inspection or model construction, whereby new information can be generated 
in the process (Schnotz, 2001). This suggests that descriptive representations are 
processed internally to become propositional representations, as well as mental 
models, and vice versa (Schnotz & Bannert, 2003). According to Gilbert and 
Treagust (2009), the interaction between mental models and propositional represen-
tations connects two main types of representations: model type and symbolic type. 
The ability to switch between different representations is important for understand-
ing science (‘scientific literacy’) (Norris & Phillips, 2003). The mediation of the 
relationships among representations is achieved through the translation process in 
which the content-related connections become apparent and understanding increases 
(Ainsworth, 1999).

3.3 � Research Question

According to the PISA study, pupils have difficulties in representing situations 
mathematically (e.g. in recognising mathematical structures, regularities, relation-
ships and patterns). In addition, there are also difficulties in evaluating mathemati-
cal solutions and placing them in the context of the modelling tasks (Edo, Putri & 
Hartono, 2013). Jankvist & Niss (2020) came to a similar conclusion. They were 
also able to identify mathematisation as one of the crucial difficulties in developing 
solutions. In addition, the structuring of the tasks (here called ‘pre-mathematisation’) 
was a problem for the students. These findings on student difficulties on modelling 
and the positive effects of multiple external representations on learning (Ainsworth, 
1999) led to the following questions and hypotheses:

Question 1: Do external representations have an effect on (mathematical) modelling 
competence in biochemistry?

Leads to Hypothesis 1: External Representations have a positive effect on (mathe-
matical) modelling competence in biochemistry.

Question 2: Does mathematical expertise have an effect on (mathematical) model-
ling competence in biochemistry?

Leads to Hypothesis 2: Mathematical expertise has a positive effect on (mathemati-
cal) modelling.

Question 3: Are external representations helpful for learners with less prior knowl-
edge about the modelling process?

Leads to Hypothesis 3: External representations have a positive effect on modelling 
processes of learners with less prior knowledge.
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3.4 � Methods

3.4.1 � Sample

Twelve individuals (M = 24.3 years old, SD = 2.06) participated in the study. Eleven 
were Technical University of Munich students of science and one was a high school 
graduate. In order to obtain the broadest possible distribution of prior knowledge, 
participants without a university place were also included. For the study, students 
who were studying both mathematics and chemistry (n = 6) were defined as math-
ematics experts. The other participants (n = 6) are referred to as mathematics nov-
ices (Table 3.1). Their study subjects are natural science, such as biology, chemistry 
or health science, but not mathematics. The students were randomly assigned to the 
experimental conditions.

3.4.2 � Experimental and Learning Environment Design

A two-factorial experimental design was used. The first independent variable, learn-
ing environment design, was systematically modified regarding the used representa-
tions (IV1, triple-staged; see IV1.a [text and symbol], IV1.b [text, symbol and 
diagram], and IV1.c [text, symbol and image]). The participants’ mathematical 
expertise was checked as a second factor (double-staged; see IV2.a [mathematic 
experts] and IV2.b [mathematic novices]; Table 3.1). The participants worked on a 
task related to enzyme kinetics using pen and paper. The learning environment 
included examples for the participants to elaborate on. Using methanol poisoning as 
the task topic, the students had to determine the amount of ethanol needed to treat 
poisoning. The task was divided into six subtasks based on the steps in Schmidt and 
Di Fuccia’s (2012) chemical modelling cycle (see also Sect. 3.2.4).

Table 3.1  Research design

IV2.a
Mathematics experts

IV2.b
Mathematics novices

IV1.a
Text + symbol (TS)

2 participants 2 participants

IV1.b
Text + symbol + diagram (TDS)

2 participants 2 participants

IV1.c
Text + symbol + image (TBS)

2 participants 2 participants
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3.4.3 � Survey Method

The relevant participant characteristics were obtained from a questionnaire. The 
participants had to use the ‘thinking aloud’ method (Sandmann, 2014) while work-
ing on the learning environment. Their verbal utterances were recorded and tran-
scribed in accordance with the guidelines by Kuckartz (2008). Qualitative content 
analysis was performed in accordance with Mayring (2010) on the basis of the 
elaboration profiles generated by the participants.

Frick’s (2019) category system was used (Table 3.2). This was originally used to 
gather students’ mental models while solving mathematical modelling tasks. The 
category system was deductively extended in accordance with the modelling com-
petences (category 3: modelling competence) identified by Upmeier zu Belzen and 
Krüger (2010) and Grünkorn et  al. (2014). First- and second-level subcategories 
were also created. These were developed on the basis of the model by Upmeier zu 
Belzen and Krüger (2010). Accordingly, there were two subcategories based on the 
dimensions ‘knowledge about models’ (3.1) and ‘modelling’ (3.2). For those two, 
concrete subcategories were developed based on the levels described in the model 
(e.g., ‘statements about the relationship between the model object and the initial 
object’ (3.1.2)). A total of three such categories were developed for 3.1 and eight for 
3.2. The ‘monitoring’ category concluded with statements of understanding, misun-
derstanding, astonishment, doubt, and joy.

3.4.4 � Evaluation

For the qualitative analysis, the independent variables, experts and novices, as well 
as TS, TDS and TBS, grouped the participants. The dependent variable, i.e. the 
participants’ ‘elaboration profiles’, was evaluated by qualitative content analysis 
based on Mayring (2010). The profiles were analysed with MAXQDA 12 (version 
12; VERBI). For this purpose, the statements from the elaboration protocols were 
assigned to the corresponding categories of the category system. The frequencies 
for the individual and cumulative subcategories were considered. For every cate-
gory, contingency tables were generated. They were the base for chi-square tests of 
independence for selected categories.

Table 3.2  Main categories 1. Adding knowledge by 
retrieving related knowledge
2. Adding knowledge by 
generating knowledge through 
inference
3. Modelling competence
4. Monitoring
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3.5 � Results

3.5.1 � Categories

In order to examine model competence, category 3 was divided into two subcatego-
ries: ‘knowledge about models’ and ‘modelling’ (see Sects. 3.2.3 and 3.4.3). The 
individual sub-competences within a dimension were used together with the levels 
to differentiate within the category. To examine modelling competence, a distinc-
tion was made between knowledge about models and modelling (Upmeier zu 
Belzen & Krüger, 2010). Therefore category 3.1 ‘knowledge about models’ focusses 
on comparisons of reality and the model at an abstract level (3.1.1) and a concrete 
level (3.1.2). The simplification of a real situation (category 3.2.1) was identified as 
the ‘purpose of models’ sub-competence. The use of models to describe phenomena 
and to evaluate results was characterised by two categories (3.2.2 & 3.2.3). The 
comparison of the model to reality and the validation of the model were understood 
as model testing (category 3.2.5). The ability to make revisions on the basis of the 
test results was a sub-competence (3.2.6).

3.5.2 � Elaboration Profiles and Modelling Strategies

To explore elaboration, the elaboration profiles (superficial + deep) developed by 
Lind et al. (2005) were applied to the relevant categories. Superficial elaboration 
includes (re-)reading a text, unsuccessful attempts at remembering, retrieving infor-
mation in the text and the creation of inferences to develop a text base (Lind et al., 
2005). Deep elaboration is characterised by the creation of inferences that facilitate 
the development of a situation model and the retrieval of knowledge from raw 
content.

Analogous modelling strategies were constructed on the basis of the levels iden-
tified by Upmeier zu Belzen and Krüger (2010). Level 1 was defined as recognition 
and application of models, and Levels 2 and 3 were defined as modelling (Table 3.3).

3.5.3 � Qualitative Analysis

3.5.3.1 � Comparison of the Effect Different Representations

Some of the frequencies for the individual categories related to the usable external 
representations were noteworthy, e.g., ‘2.1.4 description of solutions’ (Category 
which includes all descriptions of solutions). The absolute values for ‘additional 
representations’ were twice as large as those for the control condition 
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Table 3.3  Assignment rules for modelling strategies

Modelling 
strategy

Recognition and application of models: 
Mn Modelling Me

Assigned 
categories

Assessment of the level of abstraction and 
similarity to the modelled phenomenon 
(3.1.1)
Explanation of the relationship between 
the model and the initial object (3.1.2)
Use of model to describe a phenomenon 
(3.2.2)

Estimates and simplification of the 
modelling process (3.2.1)
Check the model for fit with the 
original object (3.2.5)
Revise the model to reflect new 
knowledge about the phenomenon 
(3.2.7)
Revise model because of falsified 
hypotheses (3.2.8)

Fig. 3.2  Frequencies (Total number of expressions made by students in these categories) for 
superficial and deep elaboration profiles (left) and modelling strategies (right) by representation

[hTBS(2.1.4) = 48, hTDS(2.1.4) = 44, hTS(2.1.4) = 27]. The explication of the mathe-
matical reasoning (Categories 2.5) improved with additional external representa-
tions (cumulative frequencies in Category 2.5: hTS[2.5]  =  67, hTBS[2.5]  =  101, 
hTDS[2.5] = 113).

Regarding elaboration (Categories 1.1.1 (‘Successful recall of knowledge from 
the information text’), 1.3 (‘Explicit use of external sources of knowledge’), 2.1 
(‘Inferences that serve to build a text base’), 1.1.3 (‘Successful recall of knowledge 
from memory’), and 2.5 (‘Inferences that serve to build an integrated situation 
model’), all the participants engaged more often in superficial elaboration 
[Es(TS)  =  131, Es(TBS)  =  193, Es(TDS)  =  173] rather than deep elaboration 
[Ed(TS) = 70, Ed(TBS) = 105, Ed(TDS) = 118]. There were differences between the 
groups (Fig. 3.2). The TBS group often engaged in superficial elaboration; the TDS 
group in deeper elaboration.

The frequencies for ‘recognition and application of models’ were nearly the 
same in all three test groups [Mn(TS) = 14, Mn(TBS) = 13, Mn(TDS) = 15]. However, 
there were differences in the frequencies for modelling [Me(TS) = 38, Me(TBS) = 35, 
Me(TDS) = 47]. The participants with access to additional diagrams created models 
more often.
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3.5.3.2 � Expertise

Experts paraphrased mathematically (Category 2.1.4) twice as high as the novices 
[hE(2.1.4) = 41, hN(2.1.4) = 18]. There was also a difference in the quality of the 
paraphrasing. Novices paraphrased mainly concrete numerical values (‘If I see this 
correctly, we have an alpha of 1 plus 559.9, i.e. 560 approximately or 561 betters’ 
(TS & N [novice])). Experts tended to paraphrase qualitatively (‘The Michaelis–
Menten equation is … for very high concentrations, the Km in the denominator is 
[negligible], and it can be considered void in the limit value [of the Michaelis–
Menten equation]’ (TDS & E)). Novices orientated themselves through quantitative 
data: ‘To reach the value 1, c(inhibitor) would have to be 1 × 10 to the power of −5’. 
In contrast, the expert group used mathematical paraphrases much more frequently 
(‘So [in] Michaelis–Menten kinetics, the current velocity v is equal to Vmax times 
c of the substrate divided by the specific Km value plus c of the substrate’ (TBS & E)).

Expertise seemed to have a positive effect on the ability to integrate representa-
tions (hE(2.3) = 18, hN(2.3) = 4). The examination of the elaboration profiles and 
modelling strategies (Fig. 3.3) revealed different tendencies, regarding the partici-
pants’ expertise.

Both groups more likely engaged in superficial elaboration [Es(Novices) = 166, 
Ed(Novices) = 77; Es(Experts) = 331, Ed(Experts) = 216]. It was evident that the 
expert group more likely engaged in elaboration. The same picture emerged for the 
modelling strategies. Again, the values for the novices were much lower. 
[MN(Novices)  =  1, MN(Experts)  =  41, ME(Novices)  =  24, ME(Experts)  =  79]. 
Therefore, experts used modelling strategies much more frequently than the novices.

3.5.3.3 � Chi-Square Test

A chi-square test of independence was performed on the numbers of verbal utterances 
of all categories to identify correlation between variables. A selection of categories 
that showed statistical correlation within the expertise groups are listed in Table 3.4.

Fig. 3.3  Frequencies (Total number of expressions made by students in these categories) for 
superficial and deep elaboration profiles (left) and modelling strategies (right) by expertise
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Table 3.4  Test of independence

Category Degree of freedom n χ2 p

2.1.4 (Description of solution paths) 2 119 12.277 .0021*

2.5.4 (Mathematical reasoning) 1 70 9.131 .0025**

2.5.5 (Calculating sought-after quantities) 1 70 4.536 .033*

Es (Superficial elaboration) 2 497 4.935 .084
Ed 2 293 12.861 .0016**

MN 1 103 15.482 .00008***

Significance levels: * = p < .05 ; ** = p < .01 ; *** = p < .001

The results revealed a statistically highly significant correlation between repre-
sentation and the participants’ expertise in the description of solutions (2.1.4) and 
the calculation of the sought-after variables (2.5.5). For ‘mathematical reasoning’ 
(2.5.4), there was also a highly significant correlation between the participants’ 
expertise and the use of additional external representations.

The elaboration profiles yielded different results. There was no statistically sig-
nificant correlation for superficial elaboration (Es). Analysis of deep elaboration 
(Ed) indicated a highly significant correlation between expertise and external repre-
sentations. The correlation between mathematical expertise and additional external 
representation was highly significant regarding modelling strategy MN (Recognition 
and Application of models).

3.6 � Discussion

3.6.1 � Method

It should be noted that there are limitations regarding the generalisability of the 
results. These results were produced in a biochemical context and are meaningful 
only in that context. Another limitation is the small sample, which emphasises its 
qualitative character. To make quantitative conclusions, the sample would need to 
be larger and more representative (Kroß & Lind, 2001). This would make the results 
of frequency analyses and inferential statistics more meaningful.

3.6.2 � Results

Hypothesis 1  The results indicate that additional external representations can have 
a positive influence on modelling competence, but learning with diagrams requires 
greater cognitive effort because of the abstract structural similarity. Learners might 
lack the additional cognitive capability for text–diagram integration (Schnotz, 2001, 
2002). Looking at the sample as a whole, a positive effect is nevertheless evident. 
The situation is different when the test groups (Experts vs. Novices) are considered 
individually (See hypothesis 3).
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The hypothesis regarding mathematical conclusions was confirmed. The learn-
ing environment with images contained the highest number of codes. This implies 
that the participants with additional images modelled more than the group without 
additional representations. Since the learning environment differs only through the 
representations it contains, the additional modelling work can be explained by the 
representations. Category 3.1.1 (Assessment of the degree of similarity and abstrac-
tion of the model) revealed an advantage for the variant without additional represen-
tation. A possible explanation is that the images contained implicit estimates or 
simplifications that did not require prior elaboration. The number of codes with 
deep elaboration and different representations was at least half that of the number of 
codes with superficial elaboration. This indicates differences in the effectiveness of 
images and diagrams. Images seem to invite superficial elaboration because of their 
concrete similarity to the represented object, and diagrams require more cognitive 
power and stimulate deep elaboration (Lowe, 1993; Schnotz, 2002).

In summary, pictorial representations were found to have a positive effect on 
modelling competence in biochemistry. This is primarily based on the increased 
frequency of modelling (category Me), as well as the superficial and deep elabora-
tions in all categories relevant to modelling.

Hypothesis 2  The positive influence of mathematical expertise on mathematical 
modelling competence was also confirmed. On the one hand, this can be explained 
by the frequency of the statements in the modelling categories (Fig. 3.3 right). On 
the other hand, it can also be explained from the significant chi-square test carried 
out for the category MN.

The experts argued mainly on a mathematical level. The novices avoided math-
ematical abstraction. Experts included mathematical concepts in task definitions 
and contributed additional mathematical knowledge.

Experts were more actively involved in the creation of situation models than 
novices. It was evident that mathematical conclusions required appropriate mathe-
matical expertise to achieve text–image integration that fosters learning. In contrast, 
novices experienced difficulty in applying external representations to mathematical 
conclusions. This corresponds to the intrinsic cognitive load component of the cog-
nitive load theory (Sweller et al., 1998). The examination of the knowledge about 
models indicated that the experts made statements more frequently (Experts 39 
times; Novices 2 times). The recognition and description of the model in relation to 
the phenomenon under study are an important step in model construction (Grünkorn 
et al., 2014; Upmeier zu Belzen & Krüger, 2010). The experts in all the test groups 
described the relationship between the real object and the model. This indicated a 
deeper understanding of the mathematical model. There were also differences in 
validation strategies. The experts tended to estimate their results on the basis of their 
prior knowledge (Category 1 ‘Adding knowledge from memory’, experts 147 times; 
novices 70 times). The novices tended to make their assessments intuitively. This is 
consistent with validation strategies formulated by Borromeo Ferri (2006).

The results of the chi-square test indicated that in modelling, representation and 
expertise seemed to be mutually influential. Experts used external representations 
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twice as often as novices. This suggests that external representations help experts to 
generate estimates and simplifications.

Hypothesis 3  The general positive effect of additional external representation from 
hypothesis 1 could only be observed for the expert. The hypothesised positive effect 
of representations on novices was not confirmed. The findings indicate that external 
representations can be fully used only with appropriate expertise. Experts used 
additional representations more frequently and effectively. Kozma and Russell 
(1997) found that experts in chemistry were more likely to use multimedia represen-
tations than novices. This contrasts with Schnotz (2001), who found that learners 
with little prior content-specific knowledge achieved greater success in multimedia 
learning environments (Schnotz, 2001). The reason was that the variety in the pre-
sentation of information stimulated the construction of multiple mental representa-
tions. Therefore, Category 3.1.1 indicated that external representations were helpful, 
especially for experts, in the generation of estimates and simplifications.

3.7 � Conclusions

The results suggest that external representations and mathematical expertise have a 
positive influence on mathematical modelling competence with the limitation that it 
is mainly experts who benefit from additional representations. Because this mixed-
methods approach was used in combination with a small sample, these results serve 
only as a source of inspiration for future studies. Studies with larger samples that 
allow for quantification would be the logical next step. Participants could be classi-
fied as mathematics, biology or chemistry experts and novices. Other subject areas, 
such as epidemiology or physical chemistry, could be studied to determine the role 
of prior discipline-specific knowledge.

The application of the results to competence-oriented academic tasks would 
reveal the positive effects of multimedia representations. It should also be noted that 
the use of additional representations for performing mathematical modelling tasks 
had a positive effect, especially for high-performing students; however, this was not 
the case for underachieving students.

It is therefore important to determine appropriate designs to promote the success 
of low-achieving learners in understanding intensive modelling strategies. The use 
of dynamic representations might better emphasise the model character. This could 
provide additional support to students as they learn about modelling. A further pos-
sibility for instructional design would be to explain and demonstrate the mathemati-
cal modelling cycle over time to clearly define the modelling process.

The equally low rate on modelling Me for the experts and novices indicated that 
the defined modelling strategy, especially model criticism and modification, was 
seldom used in the school environment. There, learners seem to get a wrong picture 
of models as something absolute. However, modelling, the relevant working method, 
is hardly ever taught. Perhaps different teaching methods can eliminate the 
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misconception of the ‘absolute model’ through conceptual change (Posner et al., 
1982). This could be achieved by active engagement in model criticism.
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Chapter 4
The Effect of Adult Intervention 
in the Development of Science Process 
Skills

María Napal Fraile, Lara Vázquez Bienzobas, Isabel Zudaire Ripa, 
and Irantzu Uriz Doray

4.1 � Introduction

Policy-documents in science education internationally emphasize that there is great 
value in teaching science to children already in preschool (Delserieys et al., 2018; 
Akerblom & Thorstag, 2021). Several studies have shown that 6-year-old children 
are able to think scientifically, using deductive reasoning and hypothesizing, and 
demonstrating at least an incipient command of the skills that scientists use in their 
work (Canedo-Ibarra et al., 2010). Obviously, these abilities are still in development 
in children, and this development requires that children be provided with various 
opportunities and contexts for learning (Sutton-Smith, 1970; Gelman & Brenneman, 
2004). In that way, intellectual development follows manipulation and interaction 
with objects and phenomena, but also with other people (peers or adults).

4.1.1 � Science Process Skills (SPS)

Notwithstanding the relevance of scientific concepts (phenomena, theories and 
models), science must be understood as a tool to understand the way the world 
works, with joy and pleasure. As such, the teaching of science at school should seek 
to equip children with skills to continue exploring and learning throughout life, 
which is achieved through the development of basic skills, by exposing them to situ-
ations in which science is done (Harlen, 1999). Indeed, doing science involves 
unique process skills, which can be defined as “a set of broadly transferable 
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abilities, appropriate to many science disciplines and reflective of the behaviour of 
scientists” (Padilla, 1990), and which include actions such as critical thinking, 
hypothesizing, manipulating and reasoning skills. The basic (simpler) process 
skills – observing, inferring, measuring, communicating, classifying, predicting – 
provide a foundation for learning the integrated (more complex) skills – controlling 
variables, defining operationally, formulating hypotheses, experimenting, formulat-
ing models – and SPS are inseparable in practice from the conceptual understanding 
that is involved in learning and applying science (Harlen & Gardner, 2010; Ilma 
et al., 2020).

The development of SPS depends on the maturation of the child, which may 
constrain or limit the development of more complex process skills. Some authors 
recommend that only the basic SPS be taught to young children (Rezba et al., 2007, 
cited in Vartianen & Kumpulainen, 2019). Others, however, such as Ergül et  al. 
(2011), suggest that children develop thinking by using the different 
SPS. Furthermore, Ergül et al. (2011) suggests that the SPS are hierarchical so that 
children need to acquire the basic SPS first before they can acquire the more 
advanced SPS. In conclusion, the learning of SPS should never be neglected with 
excuses, such as lack of time or overloaded programmes.

4.1.2 � Facilitating the Learning of Science in the Classroom

Undoubtedly, free play provides a variety of opportunities for learning and develop-
ing SPS. However, the intervention of the adult can be pivotal in moving children 
from their actual development zone to the proximal development zone (sensu 
Vygotski), overcoming the limitations of discovery learning. This adult intervention 
may include a range of actions, from providing adequate environments that facili-
tate the development of their experiences (Santer et al., 2007; van Limped et al., 
2020), to guiding exploration with timely clues.

The first factors supporting the development of science concepts and skills are 
adequate spaces and materials, i.e. materials that are safe, natural, open-ended, sci-
entifically rigorous and quotidian (Pedreira & Márquez, 2017) in stimulating spaces 
that promote exploration (Santer et al., 2007).

The second factor is language, which is foundational to science learning. Not 
only technical vocabulary allows the learner to be more precise; also, dialogic talk, 
in which there is an interchange with the aim of exploring an event in depth. This 
provokes thinking and can help students to construct new representations that they 
did not have yet (Canedo-Ibarra et al., 2010). Furthermore, depending on how the 
questions are formulated and when the teacher intervenes, their effect can vary 
greatly, from promotion to inhibition of exploratory learning (Harlen, 2018).

In this vein, asking a good question is the first step towards a good answer 
because that question invites the students to continue exploring where the answer 
can be found. As Fine and Desmond (2015) state, open-ended questions that follow 
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the learning objectives are capable of directing the child’s thinking. In this sense, 
productive questions (Martens, 1999) engage the children in deep exploration, 
increase the time they spend focusing their attention on the task that is being done, 
or prompt them to establish relationships among concepts and ideas.

All things considered, the attitude of the teacher, and the degree and the intent of 
adult intervention may determine the outcome of the instruction, and more specifi-
cally the development of skills. Indeed, the scaffolding provided – including the 
degree of intervention, timing and format as depending on when the instruction is 
given – determines the orientation and intensity of exploratory behaviour (Bonawitz 
et al., 2010). Productive teaching should support children in generating powerful 
ideas and coherent arguments (Granja, 2015). This involves finding a careful trade-
off between giving direct instructions and letting children explore.

According to Pedreira (2018), adult intervention can be based on the level of 
directivity (adult’s choice as to whether to give new ideas or not) and also in tune 
with the child considering what he or she is doing. If these two dimensions are inter-
related, the different types of standard intervention appear (Fig. 4.1).

4.1.3 � Objectives

The objectives of the research were two-fold: first, to describe the effect of a pro-
posal intended to develop SPS in the learning of science among young children; and 
second, to describe the impact of adult intervention on the engagement with science 
tasks and their impact on learning.

Fig. 4.1  Styles of adult intervention
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More precisely, we aimed to answer the following two research questions:

–– Does a proposal built around basic SPS also improve knowledge on the 
selected topics?

–– How does the style of adult intervention impact the development of SPS and 
content acquisition?

4.2 � Research design and method

4.2.1 � Participants

The participants included a convenience sample of 42 children, aged four to six, 
belonging to three classes (A: n = 14; B: n = 13; C: n = 15), all attending the same 
public school. The institution approved the execution of the study.

The leader teacher was a pre-service teacher, who had received specific training 
on the development of Inquiry-Based Science Education and productive question-
ing, accompanied by three teachers (female; aged 38–47; 14–21 years of experi-
ence). Both the in-service and the pre-service teachers were instructed on the style 
of adult guidance to apply during each intervention.

Each group was divided into three subgroups, which followed three different 
types of adult intervention: adult-led (directive; ‘imposed’ in Fig. 4.1), children-led 
(discovery; ‘listening’ in Fig. 4.1) and guided (exploration guided by productive 
questions; ‘dialogue’ in Fig. 4.1).

4.2.2 � Design of the Intervention

Groups A and B (second course, 4–5 years old) participated in a proposal related to 
magnetism, and C (third course; 5–6 years old) carried out an observation of ants. 
Despite the different themes, the three proposals specifically targeted the develop-
ment of process skills and included phenomena that are within reach and belong to 
the everyday context of children. Therefore, they served as a context to attempt dif-
ferent degrees of adult intervention.

The first proposal, the ‘ant observation’, comprised seven sessions, which 
involved looking at the ants in the school yard and taking care of an anthill inside 
the classroom, as well as some sessions for discussion about facts and findings. SPS 
were mainly observing and communicating, but also inferring, predicting, measur-
ing or interpreting data.

The activities were adapted to the styles of adult intervention (Table 4.1).
The second proposal, ‘magnetism’, included six activities, which included 

exploring the properties of magnetic and non-magnetic materials, and magnetic 
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Table 4.1  Adaptation of the activities in the ‘ant observation’ according to the different styles of 
adult intervention

Adult-led (imposed)
Guided exploration 
(dialogue) Children-led (listening)

Act 3. Observe 
ants

Prompted to observe 
specific structures, 
using technical 
vocabulary
Look, they take their 
food with the front 
part; they have clamps 
like a jaw

Guided with questions 
such as:
Have you seen? Have you 
figured out? Have you 
noticed? How many? Why 
do you think?

Given freedom to 
observe for a while; then 
asked to explain what 
they have observed

Act 4. How can 
we make ants 
deviate from 
their path?

Carry out the action of 
passing the hand 
without the previous 
action questions

Ask action questions to 
help them make 
predictions:
What will happen if you 
rub your hand on the 
path? And if you move the 
leaf?

Probe question, only 
leaving them to be the 
ones that direct their 
exploration

Act 5. What do 
ants eat?

Directing the 
exploration

Helping with questions to 
focus their attention/
reason

Let explore

interactions. SPS included observing, communicating, comparing, inferring and 
predicting, but also interpreting data and measuring.

4.2.3 � Data Collection and Analysis

Annotations and audio recordings were transcribed and analysed by applying tech-
niques of content analysis to ascertain learning gains and the presence and degree of 
development of SPS. Each of the literal transcripts (see, for example, Table 4.4) 
were skimmed for evidence of SPS (instances of observation, description, making 
inferences, etc.) and then graduated according to the level of complexity. For exam-
ple, for communication, judgements were made on the precision in the use of lan-
guage, meaningful introduction of technical vocabulary; for predicting, making 
predictions based on the observed phenomena or models, and not just on everyday 
experience or intuition. In addition, drawings and written productions were taken at 
different moments of the process. These served to measure the progression in 
knowledge.

Given the small sample size and the difficulty in gathering systematic data from 
children at this age, the variety of evidence collected was used just to illustrate the 
range of answers produced in each situation. No quantitative comparisons 
were made.
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When analysing the drawings, attention was given to the anatomy (number and 
proportion of body parts, number of legs, and presence of antennae), behaviour 
(number of ants, gregarious behaviour) and environment (anthills).

4.3 � Findings

Following the ant observation sequence, the three groups improved the knowledge 
of the anatomy and behaviour of these insects (Table 4.2).

Table 4.2  Sample drawings, before and after the intervention, for each group

ADULT-LED (imposed)

Body with 4 parts. 8 legs (including 4 in the 
other side)

Body with 3 parts; 6 legs. Ants form a row. The 
bee has antennae.

CHILD-LED (listening)

Body with 3 parts, 6 legs (instructed), 
colourful ant hill

Black ants, in a row, three realistic ant hills.

GUIDED EXPLORATION (dialogue)

The queen wears a crown, huge head, no 
antennae. Ant hill with windows.

Ants with antennae, long body not segmented, ant 
hill with a hole. The queen is bigger.
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When we analysed the knowledge gains, in terms of both contents and SPS, it 
became clear that pupils in the child-led group got lost more frequently, and even 
had difficulties persisting with the exploration. In turn, students in the adult-led 
group demonstrated the highest retention of concepts, with no improvement in SPS 
(inferring, predicting, interpreting data, etc.). Last, children in the guided explora-
tion group advanced most in SPS, although not all the concepts were mastered. In 
this last group, teachers’ productive questions were decisive to trigger processes 
(Table 4.3).

In the same vein, in the proposal about magnetism, all the groups acquired the 
basic concepts: there are magnetic and non-magnetic materials, magnets have two 
poles, oppositely charged magnetic poles repel each other, magnetic attraction (or 
repulsion) is a weak force that acts at a certain distance, and it is possible to tempo-
rally turn some metallic objects into magnets. Children showed some degree of 
development in certain basic and integrated SPS, including predicting, making 
inferences or posing hypotheses (Table 4.4).

Table 4.3  Productive questions and answers. Guided exploration group

Reasoning 
questions

(T) Which ant type are these? Is it the queen? (S) NO (T) Why? (S) Because 
they’re small (T) And what are those? (S) Looking for food

Questions to 
focalise attention

(T) Where do the ants go? (S) They go on both sides (T) I’m going to rub my 
hand, what’s happening? (S) This one has changed direction!

Questions to 
promote 
observation

(T) Have you seen how the ant has got the food? (S) With the mouth and the 
forelegs (T) How many legs do they have? (S) 6 legs and 2 horns (T) Horns? 
(S) I cannot see its face. Ah, look! This one only has one antenna

T teacher, S student

Table 4.4  Examples of the development of SPS

OBSERVE Describe properties of materials and objects: (T) What happens when you 
hold the magnet near to the iron filings inside the bottle? (S) They move, 
it’s magic!

INFER (T) Will they stick? (S) Yes, because it’s like silver

PREDICT A magnet breaks. (T) Will we be able to put together this blue with this 
blue? (S) No, both are the same colour
(T) At which distance will they stick? (S1) At 3 centimetres. (S2) No, at 
5 – it’s bigger

COMMUNICATE New concepts are learned: (T) What are you doing? (S1) Looking for 
things that stick (S2) Yes, magnetic things!

CLASSIFY Two objects stick to the magnet (T) Do they have something in common? 
(S) Yes, both are made of iron (= they’re metallic).

MAKE 
HYPOTHESES

Purposeful actions are initiated: (S) Can I try in the golden part? [The 
pupil wants to put the magnet close to a golden object.]

INTERPRET DATA They organise the data to extract conclusions. (S) Here, there are little 
things, and here many. There are more metallic things. (T) Very good, 
girls (S) Only the girls guess the answer

T teacher, S student
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Table 4.5  Comparative outcomes following open and productive questions

OPEN QUESTION 
(adult-led) PRODUCTIVE QUESTION (guided exploration)

OBSERVE It sticks … only to iron.

INFER Because it is magnetic … and magnetic items are attracted by the magnet.

PREDICT It won’t stick … because equal poles repel each other.

MEASURE It sticks at 3 cm … because of their different power.

COMUNICATE The magnet sticks … to the iron filings because they are attracted.

CLASSIFY Sticks to magnet or 
not

Objects that stick to the magnet are made of iron; the 
rest are made of other materials.

T teacher, S student

Regarding the effect of adult intervention, pupils in the adult-led intervention 
proved less autonomous and more dependent on adult supervision. In the children-
led group, conceptual development was scarce, while those in the guided investiga-
tion made better observations and better inferences. Indeed, making productive 
questions increased the detail of the answers provided (Table 4.5).

4.4 � Discussion

Contrary to the commonly held belief, this proposal has shown that infant children 
are able to think scientifically and progress in their scientific thinking (Canedo-
Ibarra et  al., 2010; Robbins, 2005). Specifically, they have demonstrated under-
standing of some a priori complex concepts, such as magnetic attraction or the 
anatomy and social organisation of insect communities. Throughout the proposal, 
the children progressed in the use of SPS, confirming that children may develop 
their SPS when given appropriate contexts (Sutton-Smith, 1970). This requires that 
children be exposed to suitable environments and materials (Santer et al., 2007) that 
are safe and supportive, but also challenging.

The type of questions that are asked is crucial for the development of good think-
ing (Elstgeest, 1985), with productive questions that prompt the children to focus 
their attention or find a solution leading to much more accurate and complete 
answers. The choice of the topic and contexts for the research, and the instruments 
and materials provided, were key to the development of SPS: The development of 
scientific skills has increased, especially in the guided exploration group (dialogue). 
The key factors that supported this improvement were: to start from an interesting 
topic for the students, to ask them productive questions, to ensure an adequate class-
room climate in which to carry out their inquiry, and, last, to provide them with 
instruments and materials, such as magnifying glasses and marbles of magnets, 
which increase their interest.

Maximum development of SPS was achieved by the guided exploration group, 
following a higher interest in exploration, due to the questions and challenges that 
were being set (Bonawitz et al., 2010).

M. Napal Fraile et al.



59

Indeed, experience does not directly generate knowledge (Hodson, 1994; Kite 
et al., 2021), unless there are some intellectual interplays happening (Couso, 2014). 
For this, the intervention of the adult guiding the class talk is crucial (Harlen, 2018). 
Better results in the guided exploration group (similar content acquisition with bet-
ter SPS development) can be explained by a better and more sustained exploration, 
following the questions and challenges set (Bonawitz et al., 2010). However, SPS 
had a limited development in the adult-led group: While they participated in obser-
vation, they only rarely formed hypotheses or made adequate predictions. In turn, 
students in the child-led group had difficulties following the processes and thus did 
not go deeper into the properties and behaviour of the materials.

Also, the type of questions proved decisive to promote thinking (Elstgeest, 
1985). Simple, closed questions that aim at knowledge reproduction do not have an 
effect on the development of SPS. On the contrary, questions that help focus atten-
tion result in answers that are much more accurate and complete. Preschool teachers 
have a big responsibility to help students open their minds, hook them with open but 
productive questions following the scientific method and education by inquiry, as it 
makes children critical and empowered in their learning (Fine & Desmond, 2015).

All this confirms that at preschool, the adult plays a central role, not only in the 
acquisition of concepts, but essentially in the development of SPS that equip the 
students for learning throughout life. However, in-service preschool teachers are 
often reluctant to engage in science projects that they perceive as too difficult for 
their students. Hence the importance of teacher trainings, which make teachers feel 
confident, prepared, open-minded and capable of reaching new horizons 
(Elstgeest, 1985).

4.5 � Conclusion

When provided with adequate support and stimulating situations, children at the 
preschool age show at least an incipient command of some SPS. The style of adult 
intervention strongly determined the outcome of the activity, with guided explora-
tion (autonomous exploration guided by productive questions) producing more 
insightful observations and interpretations, as compared to adult-led and discovery 
approaches.
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Chapter 5
Facilitating the Practice of 4C Skills 
in Biology Education Through Educational 
Escape Rooms

Georgios Villias and Mark Winterbottom

5.1 � Introduction & Theoretical Background

Educational escape rooms (EERs) are game-based activities that adopted the initial 
concept from the escape room industry and adapted it appropriately for use in an 
educational context. By offering immersive experiences that promote students’ 
active participation, EERs have emerged as promising alternative approaches to  
fostering students’ conceptual and skill-based learning (Nicholson, 2018). A deeper 
look inside the design principles and the conceptual framework of an EER reveals 
their connection to several well-established educational methodologies (e.g., 
problem-based, inquiry-based, experiential, game-based, narrative-based, etc.), as 
well as motivational theories (e.g., self-determination theory, self-efficacy theory, 
etc.), justifying their learning potential. EERs have been widely used with the inten-
tion to create an active learning environment, motivate students, simulate conditions 
from real-life scenarios for health-care professionals, and facilitate the learning of 
content knowledge and the development of 21st century skills (Lathwesen & 
Belova, 2021; Taraldsen et al., 2022; Veldkamp et al., 2020a, b).

The popular and overarching term ‘21st century skills’, refers to a set of skills and 
competencies (learning, social and cultural, life and career, literacy, etc.) that are 
considered to be of vital importance for both present and future, in order to confront 
the challenges, introduced to the new generation with the arrival of the third millen-
nium (Bapna et al., 2017). Many attempts have been made by various initiatives and 
educational organisations to outline and classify the most important 21st century 
skills, resulting in several different skill frameworks. Among them are included 
frameworks from the P21: Partnership for 21st Century Learning (P21, 2009),  
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the Assessment and Teaching of 21st Century Skills  – Cisco/Intel/Microsoft  
(http://www.atc21s.org/), the World Economic Forum, and OECD initiatives 
(DeSeCo and PISA). Although there are many overlapping competencies in these 
frameworks, there is a lack of consensus between them about which 21st century 
skills should be regarded as the most essential. Depending on their focus (e.g. stud-
ies, work, literacy, social life etc.), they categorise skills differently (Ananiadou & 
Claro, 2009; Bapna et al., 2017; Bialik et al., 2015; Lai & Viering, 2012). Bialik 
et al. (2015, p. 3) compared these frameworks to identify their commonalities and 
concluded that the learning skills which are present in most of them are the follow-
ing four: Critical thinking, Creativity, Collaboration and Communication (4Cs).

The 4Cs seem to have a central role in modern proposals for 21st century cur-
riculum re-design (Fadel et al., 2015) and school networks for 21st century learning 
(e.g. EdLeader21). Each of these skills encompasses different performance areas 
(abbreviations in brackets) that should be considered when trying to measure or 
develop them. Critical thinking, according to Sternberg (1986, p. 3), “comprises the 
mental processes, strategies, and representations people use to solve problems, 
make decisions, and learn new concepts.” These include the ability to discover 
information (IFD), interpret and analyse collected data (IPA), make and support 
claims with valid reasoning (RES), and propose adequate, applicable solutions 
when needed (PRB). Regarding Creativity, Sternberg and Lubart (1998, p. 3) define 
it as “the ability to produce work that is both novel (i.e. original, unexpected) and 
appropriate (i.e. useful, adaptive concerning task constrains).” That means being 
able to brainstorm and generate ideas (IDG), articulate and refine these ideas (IDR), 
but also to effectively select and integrate materials to develop a unique product or 
finish a specified task (CPI). Collaboration is a “coordinated, synchronous activity 
that is the result of a continued attempt to construct and maintain a shared concep-
tion of a problem” (Roschelle & Teasley, 1995, p. 70). While collaborating, indi-
viduals are expected to take initiatives or even lead the group (LDI), follow 
appropriate norms, avoid conflicts, and share their insights (CPF), be responsible 
and productive (RPR), and show responsiveness to others through the provision and 
acceptance of feedback (RSP). Finally, Communication is described by Qian and 
Clark (2016, p. 51) as “the ability to articulate thoughts and ideas in a variety of 
forms, communicate for a range of purposes and in diverse environments, and use 
multiple media and technologies.” Engaging in fruitful conversations and discus-
sions entails the use of verbal and non-verbal language, empathy, conveying of 
emotion, and consensus building (ENG).

Over the past five years, educational research on EERs has been gaining momen-
tum. Researchers’ increasing interest in this trending phenomenon is reflected in the 
growing number of papers being published each year (Fotaris & Mastoras, 2019). 
Most of these studies were conducted on university level students, coming from 
several different fields (STEM, medicine, nursing, computer science). Nevertheless, 
a great number of STEM-oriented EERs have also been developed, implemented, 
and studied in secondary schools (Lathwesen & Belova, 2021). Knowledge about 
the structure and design of EERs is accumulating fast since their first appearance, 
leading to the development of several design frameworks to guide the early adopters 
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(Clarke et  al., 2017; Fotaris & Mastoras, 2022; Nicholson, 2018; Nicholson & 
Cable, 2021; Veldkamp et al., 2020a, b). EERs’ educational and design aspects have 
been systematically reviewed (Veldkamp et  al., 2020a, b), offering insights into 
their learning mechanism. Nevertheless, evidence-based research on EERs’ learn-
ing effectiveness has still not provided conclusive results. Several researchers have 
assessed students’ cognitive (e.g., content knowledge, skills) or affective (e.g., moti-
vation, interest, engagement) learning outcomes after their participation in EERs. 
The research designs they used range from quantitative (pre-/post-participation sur-
veys and tests), to qualitative (interviews, informal feedback and observations), and 
sometimes mixed methods (Taraldsen et al., 2022). However, there are some issues 
in reference to the applied research methodology. Only a few of these researchers 
have actually adopted a control and treatment group design. Fotaris and Mastoras 
(2019) also highlight the importance of using larger sample sizes to avoid question-
ing of these studies’ results. According to Lathwesen and Belova (2021, p.  10), 
there is not enough empirical evidence on the short and long-term effectiveness of 
these activities in comparison to the traditional, lecture-based approach. As they 
stress, “to research whether escape games have a long-lasting learning effect, mul-
tiple post-tests need to be undertaken at different time intervals.” Taraldsen et al. 
(2022) also acknowledge the need for systematic, longitudinal studies in primary 
and secondary schools. They suggest that researchers should adopt more complex 
research designs to evaluate EERs’ learning gains, emphasising 21st century skills 
and school subjects’ content learning.

Attempting to bridge the gap in knowledge presented above, this study examined 
EERs’ learning impact on secondary school students, focusing on the practice and 
development of their 21st century skills. The study’s main research questions are the 
following:

	(a)	 What 4C skills are practised by students when engaging in an EER? Do they 
develop?

	(b)	 What structure and features of an EER enable students to practise and possibly 
develop their 4C skills?

Some of the present study’s characteristics and the added value it brings in this 
particular field of educational research are outlined below:

•	 adopts a mixed-method research design; thus, it capitalises on the benefits from 
both quantitative and qualitative approaches.

•	 uses several different data collection and analysis methods; thus, it facilitates the 
validation of its data through triangulation.

•	 is applied on a large number of students from different schools; thus, it increases 
the findings’ reliability.

•	 is based on a control and treatment group design; thus, it evaluates EERs’ learn-
ing impact on students’ 21st century skills in comparison to other didactic 
approaches.

•	 is longitudinal with multiple data collection points; thus, it offers insights into 
the long-term effectiveness of EERs.
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•	 approaches knowledge holistically; thus, it combines information provided by 
different sources (e.g. interviews, tests, observation, questionnaires) and differ-
ent perspectives (e.g. student, facilitator, researcher).

•	 uses a design-based research methodology; thus, it reviews and optimises the 
developed EERs’ design during its three successive iterations.

•	 provides design guidelines for developing puzzles which promote the practice 
and development of 4C skills; thus, it offers workable solutions and ideas to 
education practitioners for biology teaching and learning.

5.2 � Materials and Methods

5.2.1 � Design of the Study and Data Collection

The work presented here is the result of a nine-month, longitudinal, mixed-method 
research study that adopted a design-based research methodology and followed an 
iterative process of three meso-cycles. Three EER interventions (EER1, EER2, 
EER3) were designed and developed according to a series of criteria that were  
consistent with the students’ age group, expected cognitive abilities, pre-existing 
knowledge, but also the lessons’ content, learning objectives and connection to 
common misconceptions. These three EER activities were embedded in the teach-
ing of the biology science course, as part of the normally expected-to-be-taught 
Greek national curriculum and lasted between 45 and 60  min. Even though the 
content knowledge of these EER activities was different, all of them retained the 
same focus on developing students’ 4C skills and thus they are connected. Each 
EER activity was built upon the previous one. Therefore, all the theoretical and 
practical findings that were produced during the empirical micro-cycles that pre-
ceded (Analysis/Exploration) and followed (Evaluation/Reflection) the implemen-
tation of the first EER activity acted as layers that informed and added value to the 
respective stages of the next meso-cycle (second EER). The same approach was 
applied to the third meso-cycle (third EER), as well. A total of 209 Year 10 students, 
from three different Greek (main, secondary, and back-up unit) schools and one 
Cypriot school (pilot unit) divided into ten different classes, participated in the 
study. However, we only conducted an in-depth analysis of 125 full datasets that 
were collected from students enrolled in the main and secondary school unit. 
Acknowledging the importance of using a control group to contradict plausible 
counterfactual inferences as argued by Marsden and Torgerson (2012) led us to the 
adoption of a control group research design. An effort was also made so that both 
groups were comparable in terms of student socioeconomic background, gender 
ratio and prior performance in science. Nevertheless, in all schools, students’ allo-
cation to classrooms was non-random, but based on criteria predefined by the 
schools’ administrations.
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Fig. 5.1  The overall research plan of this study and data collection methods as applied on the first 
meso-cycle

Several different data collection methods were employed, including question-
naires, skill tests, observations, as well as interviews (Fig. 5.1). Considering that 
each of these methods has inherent weaknesses that may affect the data’s validity 
and provide inaccurate results (e.g. observer bias, lack of recording equipment, 
omission of participants’ less noticeable behaviour, difficulty in analysing collected 
data, interviewees’ introversion or reluctance to answer, skills being overrated, poor 
self-awareness, miscomprehension of questions), we did not rely exclusively on one 
of the aforementioned data collection methods, but we triangulated the findings of 
many, so as to have an objective and unbiased assessment of participants’ skills. The 
main data collection method that we applied during the implementation of the EERs 
was the use of video/audio recordings. For each implementation, there were four 
groups of students, consisting of between three and six, dependent on the group, 
working on large benches simultaneously.

Students were usually standing or sitting around the bench, with all the resources 
needed in the middle. Using 360-degree cameras, placed on the students’ benches, 
we collected 88 video/audio recordings (each video’s average duration: 40 min). 
Field observations were also collected, assessing participants’ performance from 
the facilitator’s perspective. Regarding interviews, we conducted six informal, 
exploratory interviews to assess and optimise the EERs’ design (after the mini-
pilots), as well as 15 semi-structured, in-depth, group or small-group interviews to 
gain insights into the structure, design, and learning impact of EERs, from the per-
spective of 33 students (after the interventions). In reference to the study’s written 
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assessment tools (tests, questionnaires), we constructed and validated our own. 
Three skill assessment tests that contained different but equivalent items were 
designed to measure and compare objectively students’ critical thinking and creativ-
ity skills. Critical thinking test items were based on the format of standardised  
situational judgement tests (SJTs), while for creativity we used items adapted from 
a standardised scientific creativity test, developed for secondary school students 
(Hu & Adey, 2002). Finally, at the beginning and at the end of the research study, 
we administered a 7-point Likert scale and self-assessment questionnaires, in order 
to measure students’ self-perception of all their 4C skills.

5.2.2 � Qualitative Data Analysis

A major part of the analysis was devoted to observational data from video/audio 
recordings. Despite initially collecting a vast amount of data, less than half of them 
were analysed in-depth. Nevertheless, the student groups whose recordings were 
not analysed exhibited the same patterns of behaviour in the 4C skills practice. In 
order to analyse these rich data in a methodical and efficient way, we used a set of 
rubrics designed for a performance-based assessment of the 4Cs. These rubrics 
were revised and customised according to the EERs’ special design features. Their 
two-dimensional design consisted of a vertical axis which evaluated the sub-
categories of different performance areas of each skill, and a horizontal, 4-level, 
performance rating scale that evaluated more accurately the mastery level of each 
sub-category (Fig. 5.2).

Based on the revised 4C skills rubrics’ design presented above, we developed an 
analytical coding framework of 12 double indicators. Each of them corresponded to 
one of the 4C skills performance areas mentioned in the introduction section  
(i.e. IFD, IPA, RES, PRB, IDG, IDR, CPI, LDI, CPF, RPR, RSP, ENG). The afore-
mentioned indicators were used to code students’ practice of the 4C skills during  
the observational analysis of the video/audio recordings. Adopting this strategy of 
double indicators allowed us to have a coding scheme that was flexible enough to 
describe observational variability. At the same time, we restrained the number of its 
basic codes to an operational degree (Table 5.1). This double system also allowed us 
to conduct a ‘two-axes’ observational analysis. The first ‘axis’ analysed the skills’ 
frequency of appearance, while the second one described the observed progress of 
the skills’ level of practice. Considering qualitative data analysis tools, we used ver-
sion 22 of ATLAS.ti software. Its powerful analysis tools helped us to calculate each 
code’s absolute frequency, and focus on the co-occurrence of codes for specific 
skills and puzzle designs. Coloured heat maps were used to visualise these quanti-
fied observational data for each EER’s puzzle and showcase their ability to facilitate 
the practice of certain aspects of the 4C skills (Table 5.2).

As regards observational data from field notes and interview data, they were also 
systematically analysed after firstly being classified into categories, based on their 
content (structure of the game, teams’ operation, acquisition of knowledge).
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Table 5.1  Double indicators for observational data analysis on 4C skills

Indicators’ second part (xxx-X)
Level of Skill mastery

Performance area

1
Poor 
level

2
Average 
level

3
High 
level

4
Expert 
level

Indicators’first 
part (XXX-x)
Performance 
area

CT IFD Information discovery IFD-1 IFD-2 IFD-3 IFD-4
IPA Interpretation & Analysis IPA-1 IPA-2 IPA-3 IPA-4
RES Reasoning RES-1 RES-2 RES-3 RES-4
PRB Problem-solving PRB-1 PRB-2 PRB-3 PRB-4

CR IDG Idea generation IDG-1 IDG-2 IDG-3 IDG-4
IDR Idea refinement IDR-1 IDR-2 IDR-3 IDR-4
CPI Creative production & 

Innovation
CPI-1 CPI-2 CPI-3 CPI-4

CB LDI Leadership & Initiative LDI-1 LDI-2 LDI-3 LDI-4
CPF Cooperation & Flexibility CPF-1 CPF-2 CPF-3 CPF-4
RPR Responsibility & 

Productivity
RPR-1 RPR-2 RPR-3 RPR-4

RSP Responsiveness RSP-1 RSP-2 RSP-3 RSP-4
CM ENG Engaging in discussions ENG-1 ENG-2 ENG-3 ENG-4

CTCR critical thinking & creativity, CB collaboration, CM communication, Dark colour initial 
questionnaire, Light colour final questionnaire, Purple experimental group, Green control group

Table 5.2  Cross tabulation of 4Cs’ performance area codes per puzzle in EER1

IFD information discovery, IPA interpretation & analysis, RES reasoning, PRB problem solving, 
IDG idea generation, IDR idea refinement, CPI creative production & innovation, LDI leadership 
& initiative, CPF cooperation & flexibility, RPR responsibility & productivity, RSP responsive-
ness, ENG engagement in discussions, P1-P6 puzzles
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5.2.3 � Quantitative Data Analysis

After calculating the numerical scores of the study’s written assessments (skill tests, 
questionnaires), we analysed them using descriptive statistics in SPSS statistical 
software (version 28). Regarding the skill assessment tests, for each single test item 
we calculated the responses’ mean score and standard deviation. These measures 
were also calculated for the tests’ sub-scores of critical thinking, creativity and orig-
inality. Apart from the two basic groups, i.e. the experimental and the control group, 
during our quantitative data analysis, we divided students into more groups, select-
ing them based on several other criteria (by school, by gender, by game perfor-
mance) and compared their responses. Depending on the responses’ distribution, 
parametric or non-parametric tests were applied so as to check for statistically sig-
nificant changes between the items’ ratings. In reference to the Likert-scale ques-
tionnaires, we followed the same analytical process, using different measures of 
central tendency and dispersion (median, mode, interquartile range).

5.3 � Results

5.3.1 � Observational Data

In order to explore which of the 4C skills were practised more by participating stu-
dents during each puzzle of the three developed EER activities, we applied a code 
co-occurrence analysis tool to their coded data. Using data from several implemen-
tations each time (9 for EER1, 10 for EER2, and 8 for EER3), we calculated the 
absolute frequencies of all the skills’ codes per puzzle and EER, i.e. the aggregating 
scores of the codes’ combined presence. Visualising these quantified data with three 
coloured heatmaps facilitated us to detect similarities, differences or repeating pat-
terns among these data, allowing us to associate the practice of specific 4Cs skills 
with the puzzles’ properties (i.e. duration, type, difficulty) and their unique design 
features (i.e. provided resources, required tasks, complexity).

Analysing these heatmaps (Table 5.2), it became clear that some puzzles favoured 
more the practice of specific 4C skills compared to others (the higher the frequency 
of practice, the darker the heatmap’s boxes). Critical thinking skills were mostly 
promoted by puzzles that contained several items or offered multiple options that 
students had to select from. The resources’ complexity, i.e. having different infor-
mation in one place that needed to be combined, also activated students’ analytical 
thinking. By linking puzzles to challenging parts of the syllabus, where students 
already had some prior knowledge, it motivated them to make claims and use argu-
mentation to support them. Last but not least, puzzles that did not offer straightfor-
ward solutions troubled students and forced them to apply different problem-solving 
strategies in order to come up with a solution. Creativity skills were practised less 
by students compared to the other 4C skills, either because of students’ difficulty to 
express them in such time-pressuring activities, or because of the inappropriate 
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design of the developed EERs’ puzzles. What our analysis showed is that puzzles 
that included hidden elements (e.g. symbols, letters), or coded messages that were 
difficult to decipher, ignited students’ divergent thinking and encouraged their 
brainstorming. Collaboration and Communication skills, as expected, were domi-
nant and inextricably linked with each other during these team-based activities. 
Easy puzzles or puzzles with a very limited number of items were often solved by a 
single individual; thus they did not favour these skills. On the contrary, puzzles of 
medium to high difficulty, that consisted of a considerable number of resources, 
involved the majority of students in solving them. Students collaborated actively by 
sharing their ideas, undertaking certain tasks, and contributing to the team through 
independent and team work. In general, puzzles of higher difficulty that troubled 
students for a greater amount of time resulted in a broader practice of all 4C skills.

Another interesting finding emerged after comparing students’ game perfor-
mance between the first two EER activities. The relative frequency of codes’ labels 
that corresponded to higher levels of demonstrated skill mastery, slightly increased 
in activity EER2 compared to EER1; the communication, collaboration, and critical 
thinking skills in particular. That was also inferred from descriptive evaluations that 
showed improved performance both at a team level (8 out of 12 teams), as well as at 
an individual level (15 out of 62).

5.3.2 � Self-Assessment Questionnaires

Two identical self-assessment questionnaires were administered to the study’s par-
ticipants, one at the beginning and the other at the end of a six-month period. 100 
students answered both questionnaires. A comparison of their scores revealed that 
the experimental group students, compared to the control group students, improved 
significantly in terms of their communication skills (CM: 4.715  →  5.221, 
t(47) = −3.157, p = 0.003) (Fig. 5.3).

5.3.3 � Skill Assessment Tests

Considering that the experimental group students participated in all three EERs, 
while the control group students did not participate in EER1, we focused our test 
scores’ comparison mainly on tests ST1 (pre-test) and ST2 (post-test), and less on 
test ST3 (delayed post-test). For this comparison, we selected only those students 
that had participated in at least two EER activities and had fully completed all three 
skill assessment tests (80 students in total). In both groups, students’ test scores 
fluctuated in a similar manner (Table 5.3). Critical thinking scores initially decreased 
(ST1 → ST2) and increased afterwards (ST2 → ST3). The exact opposite happened 
with their creativity scores. While analysing different student groups’ test scores, 
we observed the same pattern occurring repeatedly, irrespective of the applied 
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Fig. 5.3  Bar charts of the responses’ means (7-point Likert scale) for all scale items that derived 
from students’ initial and final questionnaires (by group)

Table 5.3  Descriptive statistics and statistically significant differences (SSD) between the main 
overall scores of students’ skill assessment tests (by group)

n normally distributed data, ST1 1st skill assessment test, ST2 2nd skill assessment test, ST3 3rd 
skill assessment test, No SSD no statistically significant differences
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criteria (e.g. by school, by group, by gender, by performance). Therefore, we con-
cluded that the selected skill tests’ items were not as equivalent in terms of difficulty 
as we had initially thought. In order to practically cancel the items’ inequality and 
overcome this problem, we did not focus on the exact scores, but we calculated and 
compared the tests’ score difference and the percentage of the observed change. We 
observed that the experimental group’s students had a much greater average score 
improvement compared to their peers from the control group (+15.6 vs +9.3 points, 
or + 36.8% vs +17.4%, respectively). Students’ participation in activity EER1 was 
the only independent variable that changed in that case, suggesting that the observed 
improvement in their ST2 creativity scores is somehow related.

5.3.4 � Interviews

Based on their personal experience, interviewed students stated that participating in 
EER activities required them to have a cooperative disposition, to show empathy, to 
respect others’ opinions and avoid conflicts (collaboration skills), but also to estab-
lish good communication for the sharing of information and the exchange of views 
and ideas (communication skills). They also acknowledged the importance of being 
observant, having ingenuity (critical thinking skills) and using divergent thinking 
(creativity). When asked if their participation in the EERs facilitated them to develop 
any of these skills, they claimed that they did not notice any significant change. 
However, it is worth noting that several of them found themselves to be more alert, 
more observant, and able to work more efficiently with their teammates after the 
first EER activity.

5.4 � Discussion

5.4.1 � Connection Between Puzzle Types and the Practice 
of 4C Skills

During this study’s three EER activities, we tested in total fifteen different puzzles 
that were developed based on ten different puzzle designs. Our study’s observa-
tional data analysis revealed that each of these designs facilitated the practice of 4C 
skills, to a greater or lesser extent, dependent on their unique features. Trying to 
make inferences based on the broader categories that these puzzle designs belonged 
to, we associated them with specific puzzle types (word, observation, logic, deduc-
tion, cryptography and meta-puzzles), or combinations of them, as presented in the 
work of Nicholson and Cable (2021). Word puzzles (crossword), combined with 
text-based resources, facilitated students’ text data-mining and collaboration skills. 
Observation puzzles (pattern recognition, image datasets) were usually enriched 
with multiple items or other resources, favouring the active involvement and 
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collaboration of most team members. Logic puzzles (matching up items) encour-
aged the practice of several critical thinking skills, with an emphasis on reasoning. 
Deduction puzzles (narrative-based questions) and cryptography (encrypted or hid-
den information) ignited learners’ creativity and divergent thinking. Finally, meta-
puzzles usually required and fostered the practice of all the 4Cs.

5.4.2 � Design Guidelines for EERs that Foster the 4Cs

The learning outcome that an EER activity is capable of delivering depends greatly 
on its overall design. Since education practitioners develop EERs with different 
intended goals (e.g. content knowledge, skills, motivation, interest, engagement), 
applying on each of these occasions a specialised design framework, appropriately 
adapted to their distinct learning objectives, could benefit more of their learners. 
Taraldsen et al. (2022, p. 9) stressed in their review article that “researchers and 
educators have started to look for frameworks for designing escape rooms for edu-
cational purposes and for evaluating both 21st century skills and subject matter 
competence on an individual level.” According to one of the latest and most com-
plete design frameworks proposed by Fotaris and Mastoras (2022), there are several 
elements and parameters that need to be considered when designing an EER activity 
(e.g. demographic information about the participants’ background, skill level, 
needs, and motivation; the activity’s goal, learning objectives, constraints, required 
knowledge, group size, game type, playtime length, curriculum position, theme, 
setting, narrative, characters, puzzle types, puzzle designs, puzzle path, game flow, 
game assets, room layout, hint system, scoring system, introduction, rules, and 
reflection). Exploring thoroughly some of the features mentioned above, reflecting 
on the insights which we gained from the findings of the present research study, and 
building upon design guidelines provided by previous studies (Clarke et al., 2017; 
Fotaris & Mastoras, 2019, 2022; Nicholson, 2018; Nicholson & Cable, 2021; 
Veldkamp et  al., 2020a, b, 2022), we recommend the following set of practical 
guidelines for the design of EERs that focus both on the development of partici-
pants’ 4C skills and content learning:

	 1.	 forming teams of four or five members. Teams of that size collaborate more 
effectively during gameplay and offer their members adequate opportunities to 
access the puzzle resources, engage actively and learn.

	 2.	 using escape boxes. This particular game type has proven to be ideal for use in 
schools, in terms of practicality, time efficiency, cost, and facilitation. Regardless 
of the educational environment in which the activities are implemented (class, 
science lab, auditorium), escape boxes and the existence of a fixed working 
space encourage the team members to gather all together, brainstorm, discuss, 
and solve the game puzzles.

	 3.	 including physical objects as puzzle components. By increasing students’ 
engagement and visualising theoretical concepts, these items arouse students’ 
curiosity, allow them to learn by doing, and facilitate them to practise their 4C 
skills while using them.
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	 4.	 adopting a combination of linear and multi-linear puzzle pathways. While lin-
ear puzzle pathways ensure that all team members are exposed to the same 
amount of knowledge, multi-linear puzzle pathways force the less engaged or 
introvert students to take action and participate more actively.

	 5.	 designing self-guided puzzles that align well with the EERs’ learning objec-
tives, the curriculum, and the game narrative. Appropriately designed puzzles 
that immerse learners in the storytelling experience and do not require (substan-
tial) scaffolding to be solved have a good chance of increasing their cognitive, 
behavioural and affective engagement, and foster learning.

	 6.	 adding layers to puzzles. Instead of using puzzle components that provide all 
needed information in a direct and clear way, encrypting part of that informa-
tion or cleverly ‘hiding’ it by making it seem trivial, can offer more depth, 
increase the puzzle’s difficulty, and boost players’ creativity and analytical 
thinking.

	 7.	 increasing the number and the complexity of puzzle components. Apart from 
making the puzzle more difficult, the increased number of available items 
enables, and sometimes requires, the engagement of more team members,  
creating some sort of social interdependence. Effective collaboration and com-
munication become a prerequisite for solving the puzzle. Selecting, sorting, or 
matching items also foster the learners’ observational, analytical and reason-
ing skills.

	 8.	 limiting the provision of scaffolding and hints to a minimum. Most players’ 
observation, creativity and critical thinking usually sharpen when they reach an 
impasse, as long as they remain at a state of flow. Reducing the amount of avail-
able information makes the puzzle’s solution less straightforward and increases 
the time players spend on it, thereby extending the practice of 4C skills.

	 9.	 incorporating meta-puzzles. Meta-puzzles are usually placed on the conver-
gence point of complex or multi-linear puzzle paths. They offer an excellent 
opportunity for synthesising findings from previous puzzles, but also for  
re-examining  information more carefully and discover something new  that 
might have been overlooked. Their advanced complexity requires higher order 
thinking skills and effective collaboration between the members of a team.

	10.	 challenging learners’ pre-existing knowledge. Puzzles that deal with part of the 
syllabus that students find challenging are very useful in revealing students’ 
weaknesses and misconceptions. At the same time, they can easily ignite dis-
cussion among students, fostering the practice of their analytical thinking and 
reasoning skills.

5.5 � Conclusions

Practitioners and entrepreneurs alike have been claiming for a long time now that 
students utilise the 4C skills while engaging in EER activities. Educational research-
ers have also investigated this matter, considering that EERs have been widely used 
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with the learning intention of practising and developing several types of skills, 
including the 4Cs. Our longitudinal study provided strong evidence that verified 
these claims. The application of a meticulous observational analysis on rich qualita-
tive data that derived from numerous video/audio recordings and a control-based 
research design, as opposed to the methods applied in previous studies, offered a 
more reliable, detailed and accurate documentation of these skills. Apart from the 
practice of the 4C skills, indications of their development were also found. Data 
collected from several different methods (skill tests, questionnaires, interviews) cor-
roborated these indications. Furthermore, we identified some connections between 
specific puzzle types and the practice of certain 4C skills. Based on the study’s find-
ings and informed by the existing literature, we created a list of practical design 
guidelines that the early adopters could utilise to develop EERs that can foster these 
skills combined with content learning.

Teaching biology in the 21st century is much more than a sheer transfer of con-
tent knowledge. Using this knowledge effectively requires certain skills that are 
equally important. Among other things, biology students are expected to: (a) criti-
cally analyse biological data in order to understand them and propose creative solu-
tions for real-life problems; (b) care about socio-scientific issues in biology, be able 
to express their opinion and take action; (c) use scientific reasoning to communicate 
their knowledge; (d) collaborate with others towards common goals. Bearing in 
mind the importance that educational reforms place on developing students’ 4C 
skills, it is necessary to investigate further the design and long-term effectiveness of 
appealing educational activities that can deliver this outcome, like the EERs.
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Chapter 6
Museum Guides’ Views on the Integration 
of the Nature of Science While Addressing 
Visitors’ Experiences: The Context 
of Ecological and Evolutionary Issues

Anna Pshenichny-Mamo and Dina Tsybulsky

6.1 � Theoretical Background

Understanding nature’s animate and inanimate parts will help us face local and 
global challenges, such as environmental deterioration, loss of biological variabil-
ity, and climate change. Therefore, natural history is a necessary component of bio-
logical education (King & Achiam, 2017). Natural History Museums (NHMs) are 
considered important natural history learning environments due to the research, 
educational, and curating activities that take place there. NHMs’ collections present 
visitors with natural history’s essential content, practices, and discourse in a tangi-
ble form (Marandino et al., 2015). NHMs present both the history of nature and 
related scientific research and, in this sense, shape visitors’ views of scientific activ-
ity and the scientific community. Thus, natural history museums have a distinctive 
advantage in promoting evolution education (Diamond & Evans, 2007; King & 
Achiam, 2017; Piqueras et al., 2022) and education on ecology-related topics, such 
as environmental issues (King & Achiam, 2017), climate change (McGhie et al., 
2018), etc. NHMs have a critical role in making science, knowledge, and the narra-
tives that facilitate the accessibility of scientific learning to the public, as they are 
research institutions that interact with a diverse audience (Mujtaba et al., 2018). As 
centers of informal education, NHMs are open to all ages, to a wide range of cul-
tures, and to all walks of society. They also have the power to contribute to the 
education of citizens who have science capital and base their decisions on scientific 
knowledge. One of the means of communication between the scientific community 
and the public is through NHM exhibits (Achiam et al., 2014). To establish visitors’ 
connection to the science presented in the exhibits, it is crucial to highlight the 
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intricacy of scientific processes and social implications (Hine & Medvecky, 2015). 
This approach can contribute to shaping the visitors’ understanding of the nature of 
science (NOS).

NOS refers to the fundamental aspects of science, such as its definition, method-
ology, ability to address certain types of questions, and limitations in addressing 
others. One of the frameworks for science education that incorporates NOS is the 
Family Resemblance Approach (FRA), which was proposed by Erduran and Dagher 
(2014) and builds upon the framework established by Irzik & Nola (2011). The 
development of FRA was based on overlaps, similarities, and differences among the 
scientific disciplines. The FRA highlights that NOS has cognitive-epistemic and 
social-institutional aspects which depend on each other, and cannot exist without 
each other. Together, these aspects portray a comprehensive picture of science and 
underline its vital importance. Each aspect is followed by categories that describe 
the various characteristics of the sciences. The epistemic-cognitive aspects include 
the categories of aims and values, practices, methods and methodological rules, and 
scientific knowledge. The categories of social-institutional aspects are: professional 
activities, scientific ethos, social certification and dissemination, social values of 
science, social organizations and interactions, political power structures, and finan-
cial systems (Erduran & Dagher, 2014). Recently, Irzik & Nola (2022) proposed a 
new category to be added to the social-institutional aspects of NOS: the reward 
system of science. Only a few studies have examined the context of NOS in NHMs 
(e.g., Piqueras et al., 2022). These studies indicate that visitors’ direct interaction 
with the exhibits they are exposed to in NHMs may contribute to their understand-
ing of several aspects of NOS. Along with their contribution to visitors’ understand-
ing of NOS, visits to NHMs may generate rewarding, memorable and satisfying 
experiences (Pekarik et al., 1999; Tsybulskaya & Camhi, 2009). In the professional 
literature, it is noted that positive experiences for museum visitors can be classified 
into four categories: object experiences (originate from encounters with significant 
exhibit objects), cognitive experiences (originate from interpretive or intellectual 
opportunities provided by the experience), introspective experiences (originate 
from private perceptions and experiences) and social experiences (originate from 
social engagement). These experiences are uniquely able to engage visitors with the 
content discussed and may influence the process of the development of understand-
ing of NOS during the guided tour.

Many studies in the field of informal education have focused on visitors and their 
learning outcomes (Achiam et al., 2016; Bamberger & Tal, 2007, 2008; Nesimyan-
Agadi & Ben Zvi Assaraf, 2021; Piqueras et al., 2008; Shaby et al., 2019b; Tal & 
Morag, 2007). Recent studies have shown increased awareness of the importance of 
the guides in these environments (Pshenichny-Mamo & Tsybulsky, 2023), and have 
focused on guides’ professional development (Lederman & Holliday, 2017; Piqueras 
& Achiam, 2019; Tran & King, 2007, 2011) and the interactions between guides 
and visitors (Pattison & Dierking, 2013; Plummer et al., 2021; Shaby et al., 2019a). 
Despite the fact that guides – as educators – play a key role in connecting the muse-
um’s agenda with the needs and interests of its visitors, and are essential in design-
ing museum visitors’ experiences (Tran, 2007), the research largely overlooks their 
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perspectives. The goal of this study was to examine guides’ views regarding the 
integration of NOS, with attention to visitor satisfaction, during instruction on rel-
evant biological topics in the areas of ecology and evolution. The decision to focus 
on the context of topics pertaining to ecology and evolution stemmed from the 
importance of NHMs to the didactics of biological topics. Similar to King and 
Achiam (2017), we too believe that it is necessary to develop comprehensive natural 
history education in order to develop a well-rounded understanding of science. 
Natural history education encompasses a thorough understanding of plants and ani-
mals in their current and historical natural environments, as well as the scientific 
methods and practices used in the field. Such an education would provide learners 
with the necessary knowledge, skills, and reasoning abilities to actively engage in 
discussions and initiatives related to biological issues, such as evolution and ecology.

6.2 � Methods

This was a qualitative study involving 15 guides working in four different NHMs 
located in various regions in Israel. We chose the term “guides”, as is customary in 
the Hebrew language, to refer to paid employees at the museum who accompany 
and guide visitors through exhibitions and galleries in the museum (Bamberger & 
Tal, 2008; Tsybulskaya & Camhi, 2009). The guides were approached via a request 
to the manager of education programs at each museum, who helped to put the pri-
mary researcher in contact with the guides. The guides who agreed to participate in 
the study did so on a voluntary basis. The guides were diverse in terms of their 
number of years of experience as museum guides, hours worked per week, aca-
demic degree, and gender (10 women and 5 men).

Data were collected using individual semi-structured interviews, which were 
recorded and transcribed. In the interviews, the guides were asked to describe their 
practice during guided tours from a reflective and retrospective point of view. 
Examples of questions asked during the interviews are: (1) How do you refer to the 
characteristics of science and scientific research during your guidance? (2) What are 
the topics of the guided tours at the museum? What are the main points in these 
guided tours, and how do you relate to them?

The data were then submitted for content analysis from the perspective of FRA 
(Erduran & Dagher, 2014), with the addition of the social-institutional aspect reward 
system (Irzik & Nola, 2022) and satisfying visitors’ experiences  (Pekarik et  al., 
1999; Tsybulskaya & Camhi, 2009; Tsybulsky, 2019). The analysis was performed 
in three stages. In the first stage, after the transcription and repeated reading of 
interviews, the analysis focused on expressions related to cognitive-epistemic and 
social-institutional aspects of NOS. After that, in the second stage, statements iden-
tified as connected to aspects of NOS were categorized into four categories that 
describe the visitors’ experiences: object experiences, cognitive experiences, intro-
spective experiences, and social experiences. The third stage included analysis of 
guides’ phrases related to evolutionary or ecological topics.
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During data analysis, our aim was to identify the primary aspect of NOS in the 
guides’ utterances. However, in some cases it was not feasible to pinpoint a single 
primary aspect, as certain statements touched upon multiple aspects of NOS. Thus, 
a single statement might encompass mentions of various NOS aspects.

In the following, we illustrate the process of data analysis using several examples:

Utterances such as “[...] the most that I use is some stories about Darwin [...]” were 
not included in the analysis. Although the above includes a reference to evolu-
tion, it does not refer to any NOS aspects or any of the categories of visitors’ 
experiences.
The following utterance was included in our analysis:

It is important to me to make the other person feel like a researcher. To make him think, for 
example, about how Darwin, who lived in a time when there was not so much technology, 
had to look at all the animals and imagine the evolutionary connection between them in his 
mind’s eye. And really, when I try to connect these things, I’m more trying to connect 
through explaining that research is something that develops, it progresses, and things that 
we once knew are different today; today we know better. It’s something that I think really, 
really characterizes my work as a guide when it comes to elements of research.

This guide talks about Darwin’s thinking process and the development of scientific 
knowledge in the context of evolution. She refers to the tentativeness of scientific 
knowledge, an epistemic-cognitive aspect of NOS, and science as a human endeavor, 
a social-institutional aspect of NOS.  This is also a good example of the way in 
which a single utterance from a guide can relate to several aspects of NOS. With this 
utterance, the guide tries to get visitors to connect to Darwin’s journey and imagine 
how research was done in the days when technological instruments were less devel-
oped than they are today. In doing so, she essentially tries to evoke emotions and to 
give the visitors an opportunity to imagine a different time from the one in which we 
live today, thus relating to the visitors’ introspective experiences.

6.3 � Findings

Our findings indicated that out of 173 references related to NOS aspects, 57 were in 
the context of evolution and ecology. We found that the museum guides addressed 
NOS mostly in terms of epistemic-cognitive aspects (43 utterances), and less in 
terms of social-institutional aspects (14 utterances). In the context of the museum 
visitors’ experience, most of the utterances reflected cognitive experiences together 
with epistemic-cognitive aspects of NOS (10 utterances). The guides tended to 
reflect less on the social experiences of museum visitors. Only one guide reflected 
on this experience in the context of social-institutional NOS aspects. The rest of the 
findings are shown in Figs. 6.1 and 6.2.
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Fig. 6.1  The flow chart shows the distribution of epistemic-cognitive aspects of NOS mentioned 
by the guides into categories linked to visitors’ experience and topic (the number of references 
appears in parentheses). The total number of references to epistemic-cognitive aspects is higher 
than the total number of references to visitor experience, as a single guide’s utterance encompasses 
mentions of various NOS aspects in several cases
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Fig. 6.2  The flow chart shows the distribution of social-institutional aspects of NOS mentioned by 
the guides into categories linked to visitors’ experience and topic (the number of references 
appears in parentheses)

6.3.1 � Epistemic-Cognitive Aspects of NOS

6.3.1.1 � Cognitive Experiences

In the context of evolution, one guide talks about aspects of NOS by mentioning that 
scientific knowledge is tentative and changes with new findings. In her words, the 
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guide tries to enrich visitors’ understanding of the way in which we gain scientific 
knowledge. Thereby, she references the cognitive experience of the museum 
visitors:

I like to talk about the aspects of archeological findings. If the subject is “What Makes Us 
Human?” I talk about Homo erectus, which was believed to be the first evidence of a homi-
nid walking upright and not a human being as we know it today. And years later, 
Australopithecus afarensis, known as Lucy, was discovered: a species that was much more 
ancient and able to walk upright. Then suddenly, the scientific world looks at it in astonish-
ment and realizes that they made a mistake and so all the books need to be changed. That is 
part of the beauty of science; there is this great humility to say we were wrong, but look – 
now we know something new and much more significant, and who knows what else we will 
discover? It is always possible to un-prove what those before me found. And there is always 
room for doubt.

Another reference to the cognitive experience of museum visitors was made by a 
guide who talked about the ecology-related issue of stream pollution. While men-
tioning that scientists observe things and test their observations, he made a reference 
to the epistemic-cognitive aspect of scientific practices related to NOS. The guide 
aims to enhance visitors’ understanding of how research on stream pollution is con-
ducted and facilitates their acquisition of new information and knowledge:

[…] I think that the museum guide has an important role in making science accessible […] 
It’s very important that people understand more than just the bottom line. It’s not enough to 
point and say that the streams in Israel are polluted; rather, they need to understand the 
research being done, how it is conducted, and that people are, in fact, working on this issue.

6.3.1.2 � Object Experiences

One guide refers to ecology in the context of a food chain exhibit. The guide draws 
attention to an exhibit showcasing pellets derived from owl food, which serves as a 
basis for discussing the underlying scientific principles. He underscores the exten-
sive research and experimentation involved in acquiring scientific information and 
highlights that the museum researchers engage in such studies. The focus on the 
visitors’ object experience is apparent as they see “the real thing”- the food that the 
owl consumed presented in its real form. These are also the authentic objects that 
researchers study in the museum. By guiding visitors to observe the exhibit in detail, 
the guide highlights its distinctiveness:

[…] There are numerous exhibits highlighting research, specifically how the research is 
conducted. One example of such exhibits is the owl pellet display, where visitors can 
observe the disassembly of pellets like a puzzle. These are things that are connected to the 
studies done at the museum. And these are also things that draw people’s attention, people 
suddenly go see this table with a lot of partridges that look very bad (pellets), they’re just 
spread out there, and they don’t understand why it’s displayed like that, and that’s precisely 
the point that gives us an opening to talk about the research and why it’s like that, what goes 
on behind the curtains […].
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Another guide talks about the technique of ringing birds as one of a variety of sci-
entific methods that serve scientists in ecological research. The guide discusses 
multiple aspects of object experiences. First, she allows visitors to see “the real 
thing” – an exhibit that shows an authentic research method currently in use in eco-
logical research. Second, she shows them an exhibit that illustrates the transition – 
from hunting animals in order to research them, to the use of research methods that 
do not include hunting, but rather the tracking of living animals. Thus, the guide 
shows visitors an important exhibit that they are likely to find meaningful:

We have a ringed stork. That’s a point where I can start talking about everything related to 
research, including from the past few years, about ringing and tracking migratory birds. 
The general direction is to take some exhibit and talk about it. Say, to talk about the devel-
opment of research of bird migration, how it started with ringing, how it looks today, you 
know… something entirely different […].

This guide also notes that she integrates discussion of scientific research, and the 
nature thereof, by using exhibits, and thus emphasizes her attention to the visitors’ 
object experiences.

6.3.1.3 � Introspective Experiences

In the context of plant ecology, one of the guides mentions studies that were done in 
the museum’s laboratory focused on incubator-like products. She notes that visitors 
may overlook their existence despite passing by every day. The guide mentions 
NOS, saying that science is a way of knowing. Attention is shown to the visitors’ 
introspective experience in the attempt to reflect visitors’ memories of this fruit 
body – did they ever notice it? She also emphasizes the significance of the fruit body 
as a subject of research:

One researcher here deals with the product that develops when a plant mosquito bites a 
plant and a kind of fruit body is created – like an incubator. These incubators are hard for 
people to imagine, although they may pass by it every day. And I can tell them that a few 
floors above, a researcher is studying in her laboratory how this thing affects the ecology of 
the plants.

6.3.2 � Social-Institutional Aspects of NOS

6.3.2.1 � Cognitive Experiences

The guide discusses the cognitive experience of visitors and describes how he 
enriches their knowledge about the dance of honeybees. This topic is related to 
communication in the world of honeybees, which falls under the category of  
ecology. The guide highlights that the discovery of the honeybee dance earned a 
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Nobel Prize for the researcher, which relates to the social-institutional aspect of 
NOS, specifically the reward system.

[…] For example, I talk about the bees’ dance and about communication in the world of 
bees. Then I mention the researcher Karl von Frisch, who discovered the bees’ dance and 
won a Nobel prize […].

6.3.2.2 � Object Experiences

One of the guides discusses the divergent evolution of partridges in different regions 
of Israel, highlighting science as a human effort noting that the findings presented 
in the exhibits are the work of researchers. Thus, she mentions the social-institutional 
aspects of NOS. Additionally, the guide draws attention to the visitors’ object expe-
riences, as they are able to see the partridges that underwent divergent evolution and 
observe authentic objects from nature that were used in the research:

In one of our galleries we have a collection of partridges from the south and partridges 
from the north, and you can see the differences. So I can talk about that, and I can show 
them, ‘look, this is what researchers found, this is the process (divergent evolution) that 
operates on a lot of animals, it’s not just partridges, it’s also tigers, it’s rabbits,’ and I 
explain the topic. It’s something that really connects to research done by scientists here […].

6.3.2.3 � Introspective Experiences

A guide mentions respect for the environment  – which falls under the scientific 
ethos aspect of NOS – while speaking about the state of the environment as an eco-
logical issue. In her words, she tries to get visitors to connect to the problem that 
exists and to reflect by recalling past ideas and experiences which may be less harm-
ful to the environment:

Regarding ecology, I think it is essential to talk about how we brought on this environmental 
situation. The most critical exhibition for understanding this is “The Human Impact”. This 
exhibition shows the effects of the changes we have made as a result of a very difficult pro-
cess of industrialization and its consequences. [...] many people are trying to find techno-
logical solutions, such as substitutes. I think it’s a good idea, but we also need to find 
solutions for the harm that we have caused and go back to the less harmful ways used in 
the past.

Another guide discusses the importance of respecting nature in the context of eco-
logical problems, highlighting it as a core social value of science. Specifically, she 
focuses on the issue of species extinction and aims to raise visitors’ awareness and 
encourage introspection. By prompting visitors to reflect on the meaning of the 
exhibit and encouraging them to feel a spiritual connection to the issue, she hopes 
to inspire them to carry this knowledge with them into the future. Through this 
approach, she engages with the introspective experiences of visitors, inviting them 
to consider their own values and actions in relation to the environment:
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[…] I try to alert visitors to the fact that the animal they are observing is at risk of becoming 
extinct, that the other animal they were observing has already become extinct, and that the 
animals that they see in their natural environment are also at risk of becoming extinct. I try 
to show them that this is directly related to their everyday lives. I emphasize that there is 
something they can do about it, which is to ask questions even after they leave the museum.

6.3.2.4 � Social Experiences

In the following interview, the guide emphasizes the social values of science in the 
context of ecology. He introduces visitors to the collection of Father Ernst Johann 
Schmitz and sparks a conversation on the topic of respecting the environment. This 
topic is discussed in connection with the research method of hunting animals that 
was commonly used in the past. The guide aims to generate a group discussion 
about the impact of these methods and the importance of ethical considerations in 
scientific research. In this way, he attends to the social experience of museum visi-
tors by creating a shared activity related to the exhibit and fostering social learning:

Say, the exhibit of Father Schmitz, there we talk about him and about the fact that all of 
ecology and zoology was based on hunting, and people are really horrified, ‘People who 
researched animals hunted them?’ And then I try to start a discussion, a shared learning.

6.4 � Conclusions and Discussion

This study explored the views of NHM guides regarding the integration of NOS 
aspects, while attending to museum visitors’ satisfying experiences, when discuss-
ing topics related to evolution and ecology. Our study found that when guiding visi-
tors through the museum and addressing evolution and ecology topics, the guides 
tend to emphasize the epistemic-cognitive aspects of NOS. Also, they pay attention 
primarily to the cognitive experiences of visitors in the museum. We believe these 
findings complement each other. When the guides integrate aspects of NOS in the 
epistemic-cognitive context, they try to educate their audience about the character-
istics of science and the scientific process. Thus, in essence, the guides usually 
relate to visitors’ cognitive experience during their time at the museum, allowing 
the visitors to gain new information and knowledge that enriches the previous 
understanding they may have had of various topics in evolution and ecology.

Through attention to the objects in an exhibit, the guides relate to the visitors’ 
object experiences. Attention to this experience is shown primarily through giving 
visitors the opportunity to see “real things” in terms of the authenticity of the object 
for scientific research. Similarly, this experience allows museum visitors to see 
objects that are rare and highly valuable to the world of science, and perhaps to be 
amazed by the various exhibits in the museum. Our findings support the view pre-
sented by King and Achiam (2017) that exhibits in NHMs can serve as “windows” 
into the practice of natural history and can enhance science education, especially 
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biology education, for visitors. Additionally, our study indicates that the object 
experiences provided by guides during museum tours can expose visitors to both the 
epistemic-cognitive and social-institutional aspects of NOS.

Attention to introspective experiences during museum tours occurs primarily in 
the context of stories about the history of science in which the guides lead visitors 
to identify with the researcher’s story and imagine the spirit of the times in which he 
or she was active. Furthermore, these stories reveal the human component of sci-
ence and scientific research, which has a direct connection to the social-institutional 
aspects of NOS. This exposure can enhance visitors’ understanding of these aspects. 
The introspective experiences enable visitors to recall their own past experiences at 
different points during the tour and to feel how these experiences take on new mean-
ing within the context of the museum. Additionally, our findings suggest that when 
museum guides prompt visitors’ introspective experiences, it can result in visitors 
becoming aware of previously unfamiliar aspects of scientific research and knowl-
edge. This heightened awareness can then deepen visitors’ understanding of the 
epistemic-cognitive aspects of NOS, which in turn can lead to a reinterpretation of 
the exhibits viewed during the guided tour.

Museum visitors’ social experience was mentioned in the interviews by only one 
guide, who spoke about the subject of ecology and mentioned a social-institutional 
aspect of NOS – social values of science. We believe that during the tours the guides 
do pay attention to visitors’ social experience, by creating a discussion between 
visitors or conducting one-on-one discussions related to ecology or evolution issues 
at various points. It could be that during their narrations the guides ask the visitors 
questions or answer their questions about scientific knowledge, or conversations 
arise about the struggles that the scientists faced during their scientific path. These 
interactions provide opportunities for visitors to discuss relevant NOS aspects and 
gain additional relevant knowledge. However, during the interviews, the guides did 
not share many of these situations. We may interpret this as indicating that they did 
not find these situations to be suitable answers to the questions we asked.

Prior research in informal education environments has suggested that interac-
tions between museum guides and visitors primarily consist of technical explana-
tions (Shaby et al., 2019a). However, our study offers new insight by revealing that, 
from the viewpoint of the guides themselves, there is an effort to engage with visi-
tors in a manner that extends beyond simply explaining how to operate exhibits or 
objects. Instead, guides aim to enhance visitors’ overall experience at the NHMs 
and integrate aspects of NOS by incorporating relevant scientific knowledge, and 
knowledge about science related to ecology and evolution issues. Moreover, the 
interviews with the guides show that the efforts to integrate different aspects of NOS 
into the tours are done in an attempt to enhance visitors’ overall museum experi-
ence. Bamberger and Tal (2008) suggested that the expertise and passion exhibited 
by guides may play a role in the positive interactions between guides and visitors, 
which may contribute to their heightened engagement in the learning process during 
the tour. Our findings show that the guides tend to incorporate anecdotes and narra-
tives that capture visitors’ interest and encourage their participation in the content 
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being presented. Ultimately, the guides’ efforts serve to enrich and enliven the 
museum experience for visitors.

According to Holliday and Lederman’s (2014) findings, guides in informal edu-
cational settings possess a deep understanding of NOS. Our study builds on this 
conclusion by demonstrating that these guides also possess the pedagogical knowl-
edge required to effectively integrate NOS into their guided tours. This knowledge 
includes a focus on visitors’ satisfying experiences, which are valued for their abil-
ity to inform and shape visitors’ expectations and preferences during museum visits 
or activities (Pekarik et al., 1999).

In conclusion, the focus of this study is on museum guides and their views. The 
objective is to gain a better understanding of the role of guides during the guided 
tours they give to museum visitors, building upon previous studies  (Pshenichny-
Mamo & Tsybulsky, 2023; Shaby et al., 2019a; Tran, 2007). Acquiring a deeper 
understanding of the diverse practices used in NHMs can aid museum educational 
staff in improving the design of educational programs and guide training programs 
that integrate evolutionary and ecological content and explicit instruction on 
NOS. This can facilitate the development of tours and exhibits that provide visitors 
with more satisfying and meaningful experiences, while enhancing visitors’ com-
prehension of different aspects of NOS. A follow-up study should examine these 
findings in comparison with what happens in practice during guided tours and in 
comparison with the experiences reported by the visitors themselves during these 
tours. Therefore, conducting observations of guided tours and examining interac-
tions and visitors’ experiences with a focus on the integration of NOS could provide 
more insights and build upon our findings.
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Chapter 7
Friends or Foes? Microorganisms in Greek 
School Textbooks

Georgios Ampatzidis and Anastasia Armeni

7.1 � Introduction

Research on children’s ideas about microorganisms reveals that children frequently 
hold alternative ideas about aspects such as microorganisms’ size and morphology, 
their status as living entities, the location where they can be found, and their activity 
(Byrne, 2011). For example, researching the ideas of students aged 11–14, Bandiera 
(2007) reported that when asked about the presence of microorganisms indoors, half 
of her study participants placed microorganisms in specific rooms of the home, 
primarily the bathroom and the kitchen. Furthermore, when asked whether microor-
ganisms could be found in a healthy human body, 38% of them answered that 
healthy humans are free of microorganisms. When asked where microorganisms 
can be found, students aged 7–14 in Byrne’s (2011) study largely focused on the 
human body. The same finding is reported by Jones and Rua (2006) as well; among 
their participants, high school and middle school students believed that microorgan-
isms could be present in the mouth or on the hands, whereas elementary school 
students thought that germs were located in particular areas of the body, such as 
saliva and skin. Other areas where microorganisms may be found according to stu-
dents are filthy and unsanitary places, such as waste, dustbins, sewage treatment 
plants, compost piles and soil (Byrne, 2011).

According to Byrne et al. (2009), the most frequently mentioned microbial 
activity by students of various ages was as agents of human disease. In another 
study, Byrne (2011) found that students 7–14  years old held similar beliefs 
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about microorganisms, such as the belief that they are the cause of disease. 
Byrne and Grace (2010) also acknowledged that negative aspects of microbial 
activity dominated children’s ideas. They noted that the participants of their 
study appeared to know substantially more about the connection between micro-
organisms and disease or food spoilage than they did about the beneficial func-
tions that they serve in matter cycling, food production and medicine. The lack 
of knowledge of these aspects of microbial activity among children is alarming; 
learning about these applications would not only serve as a foundation for later 
lessons on more complex microbial technology and biotechnology, but it might 
also help to balance out the students’ largely unfavourable views of microorgan-
isms (Byrne & Grace, 2010).

In an effort to track the origin of students’ thoughts about microorganisms, 
Simonneaux (2000) noted that the media appear to have a crucial part in forming 
students’ relevant understanding, along with school lessons, personal experience, 
and family life. According to Mafra and Lima (2009), children often develop their 
understanding of microorganisms as a result of the diseases that they, their parents 
or other family members experience; thus the concept of microorganisms is asso-
ciated with a negative meaning. Questioning 836 primary school students on their 
major source of information about microorganisms, Karadon and Şahin (2010) 
reported that the most common response was the media, such as TV shows 
(39.2%), with school being the main source of information about microorganisms 
for 21.1% of students. Simard (2021) suggested that since the 1990s, the media 
have emphasized the association of microorganisms with disease, while ignoring 
information on their beneficial roles and functions. The media greatly fuel preju-
dices against microorganisms by focusing on human illnesses in the news; the 
public gets the impression that microorganisms are only causes of disease and 
mortality as a result of the focus on illnesses such as SARS, AIDS and H1N1 
(Simard, 2021).

Thus, it seems that (a) students considerably express negative ideas about micro-
organisms, mainly related to the threat they pose to human health, (b) it is of para-
mount importance for students to build an understanding of the positive activities of 
microorganisms, and (c) students’ ideas about microorganisms are significantly 
influenced by the media, and school seems to play a rather important role as well. 
Focusing on school education, we note that it relies heavily on the usage of text-
books, which are essential for both teaching and learning (Liu & Khine, 2016). Over 
90% of secondary science teachers in the United States use textbooks to help them 
plan and deliver lessons (Weiss et al., 2001). Abd-El-Khalick et al. (2008) argue that 
textbooks may influence what is taught and learned in the classroom to a greater 
extent than what educators would like.

Considering the above, we decided to explore Greek school textbooks in regard 
to the representation of microorganisms. Therefore, the research question addressed 
here is: How are microorganisms represented in Greek school textbooks?
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7.2 � Methods

For this study, we investigated the textbooks used for the teaching of biology in 
secondary education (six textbooks) and the textbooks used for the teaching of natu-
ral sciences in primary education (two textbooks) in Greece. We note here that there 
are no courses specialized in biology in the curriculum of Greek primary schools; 
thus biological concepts are discussed in natural sciences classes for Grade 5 and 
Grade 6 students. The textbooks investigated were the following:

•	 Natural Sciences for the fifth grade of Primary School (Apostolakis et  al., 
2015a) – Grade 5.

•	 Natural Sciences for the sixth grade of Primary School (Apostolakis et  al., 
2015b) – Grade 6.

•	 Biology for the first grade of Gymnasium (Mavrikaki et al., 2017a) – Grade 7.
•	 Biology for the second and third grade of Gymnasium (Mavrikaki et al., 2017b) – 

Grades 8–9.
•	 Biology for the first grade of Lyceum (Kastorinis et al., 2011) – Grade 10.
•	 Biology for the second grade of General Lyceum-General Education (Kapsalis 

et al., 2013) – Grade 11.
•	 Biology for the second and third grade of General Lyceum (Adamantiadou et al., 

2013) – Grades 11–12.
•	 Biology for the third grade of General Lyceum-Health Studies Specialization 

(Aleporou-Marinou et al., 2013) – Grade 12.

The first author identified the words “microorganism/microorganisms” (in Greek: 
mikroorganismos/mikroorganismoi) and “microbe/microbes” (in Greek: microvio/
mikrovia) in the textual corpus of the study – i.e. the whole text included in the eight 
textbooks of interest, apart from illustrations legends, tables of contents, chapter 
titles and assessment activities. We note that we transliterated the Greek terms to 
Latin characters above according to ELOT 743 standard which is equivalent to ISO 
843 standard. For the reader’s convenience, we will refer to the English words in the 
rest of the text, i.e. microorganism/s and microbe/s. Each paragraph including the 
word “microorganism/s” and/or the word “microbe/s” at least once was determined 
as unit of analysis.

Taking into consideration the above, our analysis resulted in 187 relevant para-
graphs included in seven of the textbooks investigated:

	1.	 Natural Sciences for the sixth grade of Primary School.
	2.	 Biology for the first grade of Gymnasium.
	3.	 Biology for the second and third grade of Gymnasium.
	4.	 Biology for the first grade of Lyceum.
	5.	 Biology for the second grade of General Lyceum-General Education.
	6.	 Biology for the second and third grade of General Lyceum.
	7.	 Biology for the third grade of General Lyceum-Health Studies Specialization.
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Table 7.1  The coding scheme

Microorganisms as a 
part of the living world

Microorganisms and 
health

Microorganisms 
and food

Microorganisms in 
industry and technology

Biological diversity Human pathogens Food production Microorganisms 
cultivation

Physiology Human microbiome Cleaning water
Pathogens of organisms 
other than humans

Enzymes and 
antibiotics production
Vaccines and serum 
production

The paragraphs were coded in mutually exclusive categories formed by drawing 
on a scheme proposed by Mafra and Lima (2009). As shown in Table 7.1, the coding 
scheme consists of four categories:

•	 Microorganisms as a part of the living world: the text refers to ideas, such as the 
variety of living organisms on earth, the different environments that microorgan-
isms are found in, and elements of their physiology.

•	 Microorganisms and health: the text refers to microorganisms as human patho-
gens or part of the human microbiome, as well as their role as pathogens of 
organisms other than humans.

•	 Microorganisms and food: the text refers to the role of microorganisms in food 
production (e.g. yeasts involved in bread, yoghurt and alcohol production).

•	 Microorganisms in industry and technology: the text refers to the role of micro-
organisms in industrial and technological applications, such as the production of 
enzymes, antibiotics, vaccines or serum, and cleaning water.

In contrast to Mafra and Limas’s (2009) scheme, we decided to include subordinate 
categories as shown in Table 7.1. The main reasons for this decision were (a) to distin-
guish between the positive and negative roles of microorganisms concerning health 
(i.e. microorganisms as pathogens and microorganisms as part of the microbiome) 
and (b) to illustrate the different technological and industrial applications linked with 
microbial activity in the textbooks investigated. We also have to note that, while Mafra 
and Lima (2009) classified the role of microorganisms in vaccine development under 
the “Microorganisms and health” category, we decided to classify relevant paragraphs 
under the “Microorganisms in industry and technology” category, arguing that in this 
case their role in the application of technology should be highlighted.

Both authors coded independently 93 (i.e. about 50%) randomly chosen para-
graphs and the rater agreement was about 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 should note that our research may not be considered an 
exhaustive account of how microorganisms are represented in the textbooks investi-
gated, since our results are limited by the methodology used to collect our data.  
For instance, searching for the words “microorganism/s” and “microbe/s”, we do 
not trace appearances of microorganisms mentioned by the name of specific taxa 
(e.g. bacteria, fungi) or the name of specific species.
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7.3 � Results

As shown in Table 7.2, in most cases microorganisms are mentioned in relation to 
health (94/187). More specifically, in 85/187 paragraphs microorganisms are men-
tioned as human pathogens. For example, in textbook-4 we read: “Pathogenic 
microorganisms are transmitted from person to person, by coughing, sneezing, etc. 
The respiratory tract, of course, is protected by the mucus and cilia of the epithelial 
tissue. However, if the number of pathogenic microorganisms is high and/or the 
body’s resistance is reduced, then these microorganisms (bacteria and viruses) can 
cause various diseases such as pneumonia, tuberculosis and acute bronchitis. To 
reduce the possibility of contracting such diseases, we must avoid indoor spaces 
where many people are crowded together” (Kastorinis et al., 2011, p. 83).

Moreover, 6/187 paragraphs refer to microorganisms as pathogens of organisms 
different than humans. For instance (textbook-2): “If, for example, we are interested 
in studying how water affects the growth of a plant, we should experiment with 
identical plants keeping all other known factors constant. That is, the plants should 
have the same height, we should place them in similar pots, with the same quality 
soil, we should provide them with the same lighting and in general we should keep 
all the necessary conditions constant except for the amount of water we pour on 
them. Of course, there are other factors that may affect the growth of the plant, but 
which cannot be precisely controlled, such as some microorganisms found in the 
soil of the pot or some insects that may harm them” (Mavrikaki et al., 2017a, p. 13).

Under the “Microorganisms and health” category we traced 3/187 paragraphs 
where a positive role of microorganisms is mentioned. What follows is an excerpt 
discussing microorganisms as part of the human microbiome (textbook-6): “Other 
microorganisms, such as the bacterium Escherichia coli that lives in the intestines, are 
beneficial for humans when they are in small numbers and do not migrate to other 
tissues and organs; they constitute the microbiome of humans, which produce useful 
chemical substances that humans cannot synthesize on their own (e.g. vitamin K from 
E. coli) or contribute to the body’s defense” (Adamantiadou et al., 2013, p. 11).

Table 7.2  Frequencies of categories of microorganisms’ representations

Categories Frequencies Subcategories Frequencies

Microorganisms as a part of the 
living world

40 Biological diversity 16
Physiology 24

Microorganisms and health 94 Human pathogens 85
Human microbiome 3
Pathogens of organisms other 
than humans

6

Microorganisms and food 12 Food production 12
Microorganisms in industry and 
technology

41 Cultivation 12
Enzymes and antibiotics 
production

11

Vaccines and serum production 7
Cleaning water 11
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The second most popular category is “Microorganisms in industry and technol-
ogy” (41/187). In 12/187 paragraphs the cultivation of microorganisms is discussed 
without focusing on particular applications. For instance, in textbook-7 we read: 
“Biotechnology is a combination of science and technology aimed at using living 
organisms to produce useful products on a large scale. It relies mainly on recombi-
nant DNA and microorganisms’ cultivation techniques. Microorganisms grow 
under controlled conditions in which a range of suitable nutrients is available. In a 
large-scale cultivation, suitable devices, called bioreactors, are used” (Aleporou-
Marinou et al., 2013, p. 116).

Moreover, 11/187 paragraphs refer to the production of antibiotics or enzymes 
through the treatment of microorganisms. For instance (textbook-7): 
“Microorganisms’ products are usually produced in small quantities, sufficient to 
cover their metabolic needs. It is obvious that for a microorganism to be practically 
useful, its products, such as enzymes or antibiotics, must be produced in large quan-
tities. This is achieved in two main ways: by regulating the cultivation conditions 
and by genetically modifying the organisms” (Aleporou-Marinou et  al., 2013, 
p. 151).

Furthermore, 11/187 paragraphs refer to the development of vaccines or serum 
through treating microorganisms. What follows is an excerpt discussing the role of 
microorganisms in the development of vaccines and serum (textbook-3): “A small 
amount of dead or inactive microorganisms or their parts is introduced into our body 
with vaccination. The content of the vaccine is sufficient to activate the immune 
system response while it is usually not capable of causing disease. In this way, the 
organism develops ‘memory’ cells for the particular microorganism” (Mavrikaki 
et al., 2017b, p. 86–87).

Under the “Microorganisms in industry and technology” category we finally 
traced 11/187 paragraphs referring to the role of microorganisms in cleaning water 
e.g. from oil. The following text is an example of such a reference (textbook-7): 
“Marine microorganisms can contribute in breaking down oil spills: After the vola-
tile fractions of the oil evaporate, its organic chemical compounds are broken down 
by bacteria and fungi belonging to more than 70 genera, resulting in their metabo-
lism into carbon dioxide” (Aleporou-Marinou et al., 2013, p. 162).

The number of paragraphs classified under the “Microorganisms as a part of the 
living world” category is 40/187. Most of them (24/187) deal with elements of 
microorganisms’ physiology. For example, in textbook-5 we read: “Many microor-
ganisms perform anaerobic respiration, that is glucose is oxidized to produce ATP 
in the absence of oxygen. Of course, there are also cells of multicellular organisms, 
which occasionally, when they are forced to produce energy and there is not enough 
oxygen in their environment, also perform anaerobic respiration. Muscle cells are a 
typical example” (Kapsalis et al., 2013, p. 110).

The rest of the paragraphs classified under the “Microorganisms as a part of the 
living world” category mention microorganisms through discussing the diversity  
of living organisms or their habitat. For instance (textbook-1): “A trip to the  
countryside or a walk in the forest is enough to feel the relaxation and pleasure 
offered by observing the natural environment, but also to see the great variety of 
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microorganisms, plants and animals, as well as the relationships that these living 
organisms develop among themselves” (Apostolakis et al., 2015b, p. 74).

Finally, 12/187 paragraphs refer to the role of microorganisms in food and drink 
production. The following excerpt of textbook-3 is an example of such a reference: 
“For thousands of years, humans have been taking advantage of the properties of 
certain organisms, with the aim of improving their lives. They grow plants, breed 
animals and, by the method of selective breeding, create organisms with desirable 
properties-phenotypes. They use various organisms (e.g. herbs) as raw material for 
the preparation of medicines and cosmetics. In addition, with the help of specific 
microorganisms, they develop various useful products (food and drinks), such as 
bread, beer, wine, cheese and yogurt” (Mavrikaki et al., 2017b, p. 120).

As shown in Fig. 7.1, microorganisms are mostly mentioned in relation to health 
in 4/7 textbooks. The category “Microorganisms and health” is the second most 
popular in textbook-1, the least popular in textbook-7, while in textbook-5 the 
microorganisms’ link with health is not mentioned at all. The category 
“Microorganisms as a part of the living world” is the most popular in 2/7 textbooks, 
while the category “Microorganisms in industry and technology” is the most popu-
lar in 1/7 textbooks.
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In most textbooks some categories are not represented. In 2/7 textbooks there are 
paragraphs classified under all four categories, 3/7 textbooks include paragraphs 
classified under three of the categories, in 1/7 textbooks two categories are repre-
sented, while in 1/7 textbooks microorganisms are mentioned only in regard to their 
link with health. In sum, the category “Microorganisms as a part of the living world” 
appears in 5/7 textbooks, the category “Microorganisms and health” appears in 6/7 
textbooks, the category “Microorganisms and food” appears in 4/7 textbooks and 
the category “Microorganisms in industry and technology” appears in 5/7 textbooks.

7.4 � Discussion

Reviewing eight textbooks used in biology and natural sciences classes in secondary 
and primary education in Greece respectively, we noticed that microorganisms are 
most frequently mentioned in relation to health; about 50% of the paragraphs includ-
ing the word “microorganism/s” and/or “microbe/s” are classified under the 
“Microorganisms and health” category. It should be noted that this is not the case for 
each textbook separately; in 3/7 textbooks microorganisms are not mostly mentioned 
in relation to health. For instance, in textbook-7 the most popular category is the 
“Microorganisms in industry and technology”, while in textbook-1 and textbook-5 the 
most popular category is the “Microorganisms as a part of the living world”. We argue 
that this is because of curriculum priorities. For instance, textbook-5 focuses on cell 
biology, thus discussing the physiology and anatomy of unicellular organisms, while 
textbook-7 is a specialization textbook which focuses on applications of biotechnol-
ogy. Specific curriculum priorities are also the reason why microorganisms are not 
mentioned in “Natural Sciences for the fifth grade of Primary School”, which focuses 
on concepts of physics and chemistry rather than biology.

At this point we should discuss two methodological choices we made. The first 
one is distinguishing between pathogens of humans and pathogens of organisms 
other than humans. Today there is an increased awareness of the possibility and 
essential need to address health concerns and to attain health objectives by refocus-
ing health management more on the interaction between ecosystem health, animal 
health, and human health (Evans & Leighton, 2014). The One Health concept, 
which is defined as the “collaborative effort of multiple health science professions, 
together with their related disciplines and institutions – working locally, nationally, 
and globally – to attain optimal health for people, domestic animals, wildlife, plants, 
and our environment” (One Health Commission, as cited in Gibbs, 2014), is receiv-
ing attention. Although health tends to be approached in a holistic way, we decided 
to distinguish between human and other organisms’ pathogens in our analysis in 
order to get a better understanding of the role of textbooks in the conceptualization 
of microorganisms as a threat to human health.

The second choice we should discuss is, unlike Mafra and Lima (2009), distin-
guishing between the role of microorganisms as pathogens and their role as part of 
the human microbiome. Microorganisms have several positive roles as part of the 
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human microbiome. For instance, the gut microbiome is known to contribute to the 
renewal of gut epithelial cells, the development of the immune system, harvesting 
nutrients that would not otherwise be available and synthesizing vitamins (Turnbaugh 
et al., 2007). By illustrating the presentation of microorganisms as part of the human 
microbiome in the textbooks we investigated, we intended to trace possible instances 
of mentioning microorganisms in a positive way that would otherwise go unnoticed.

Returning to the results of our analysis, we noted that microorganisms are pre-
sented in a negative way in 91/187 paragraphs (subcategories: “Human pathogens” 
and “Pathogens of organisms other than humans”), while they are presented in a posi-
tive way in 56/187 paragraphs (subcategories: “Human microbiome”, “Cultivation”, 
“Enzymes and antibiotics production”, “Vaccines and serum production”, “Cleaning 
water”). There are 40/187 paragraphs where microorganisms are presented in neither 
a positive, nor negative way (subcategories: “Biological diversity” and “Physiology”). 
It seems that the instances where microorganisms are presented in an unfavorable way 
(i.e. as pathogens for humans and other organisms) are more frequent than the 
instances where microorganisms are presented in a favorable way (i.e. as part of the 
human microbiome or as having a role in beneficial applications and procedures).

All public and private schools in Greece use the same textbooks. Textbooks are 
government mandated and the curriculum relies heavily on their use by the teachers 
of all grades. Thus, in our research we are looking at textbooks as a reflection of 
what is taught in the Greek classroom. To the best of our knowledge, the representa-
tion of microorganisms in Greek textbooks of biology and natural sciences currently 
in use has not been investigated before. The discussion of our analysis findings (a) 
contributes to the literature on how students think and learn about microorganisms, 
and (b) suggests that certain actions should be taken regarding textbooks currently 
in use in Greek primary and secondary education, in order to improve microorgan-
isms teaching and learning. A conceptual shift to a representation of microorgan-
isms that integrates their diversity and beneficial contributions seems to be an 
essential goal for science education, according to Simard (2021), who argued that 
education should emphasize the importance that microorganisms have in human 
lives, as well as their role in the ecosystem and industry. This may be much more 
crucial and difficult to accomplish today, i.e. after the SARS-CoV-2 virus spread in 
early 2020 which caused a global pandemic. Students have seen disproportionately 
negative effects from COVID-19 in terms of their wellbeing, educational possibili-
ties, and physical and mental health (Valadez et al., 2020). Their daily routines have 
been severely disrupted, and the limitations they have been subjected to, along with 
the changes to their families’ routines and practices, have had a significant psycho-
logical impact on them (Mukherjee, 2021). This could result in even stronger repre-
sentations of microorganisms as “enemies” (Bonoti et al., 2022) or “always bad” 
(Ergazaki et al., 2010). Thus, the COVID-19 post-pandemic period will be impor-
tant for the conceptualization of microorganisms. Due to a certain consolidation of 
pre-existing unfavourable perceptions, a considerable educational barrier must be 
anticipated; as a result, a knowledgeable education, based on textbooks promoting 
a more balanced understanding of microorganisms, will be necessary to prevent the 
crystallization of negative ideas of microorganisms in students (Simard, 2021).
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Chapter 8
Investigative School Research Projects 
in Biology: Effects on Students

Wilton G. Lodge, Michael J. Reiss, and Richard Sheldrake

8.1 � Context

School biology often entails undertaking practical work, which is generally intended 
to help students gain conceptual understanding, practical and wider skills, and 
understanding of how biologist work (Kampourakis & Reiss, 2018). However, the 
literature on practical work in school science indicates that it often achieves less 
than its proponents intend (Abrahams & Millar, 2008; Gatsby Charitable Foundation, 
2017). Investigative school research projects are relatively uncommon, relative to 
other types of practical work, such as confirmatory practical activities (intended to 
produce the same result for all students every time), but it has been argued that they 
can give students a better understanding of what it is like to undertake authentic sci-
ence. A systematic review found that investigative student science research projects 
could have a number of benefits for students including the learning of science ideas, 
affective responses to science, intentions to pursue careers involving science, and 
development of a range of skills, some specific to practical work and others, such as 
collaborative teamwork, more general (Bennett et  al., 2018). Nevertheless, this 
same review concluded that further work is needed to enhance the quality of the 
available evidence and to explore more fully the potential longer-term benefits of 
participation in such projects at secondary school level.
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8.2 � Conceptual Framing

We report on a study that is part of a larger project funded by the Institute for 
Research in Schools (IRIS) in the UK to explore school students’ views related to 
science, their reasons for participating in IRIS projects, their views of these projects 
and their views about wider aspects of why students do or do not engage in IRIS 
projects, and what they have gained from their experiences. We focus on our analy-
sis of qualitative data gathered from student interviews. Our specific research ques-
tion is: ‘How do secondary school students who are participating in a biology 
research project see both science and themselves in relation to it?’

Our research question was chosen because of an increasing recognition among 
science educators of the value of considering issues to do with students’ science 
identity and their perceptions of science when researching students’ responses to 
school science (e.g., Holmegaard & Archer, 2022). Aspirations and choices can 
involve identity, as ways to convey who someone is or who they want to become, 
and/or to undertake personally meaningful, interesting, and enjoyable activities 
(Holmegaard et al., 2015). Contemporary models of science identity highlight the 
relevance of someone recognising themselves and also being recognised by others 
as being a science person; someone may enact or embody a particular identity 
through undertaking particular practices or performances, which require specific 
knowledge and skills, and which are recognised by others (Carlone & Johnson, 
2007). Wider analytical and theoretical frameworks also highlight the relevance of 
intersecting personal and socio-cultural aspects, such as finding science interesting 
and enjoyable (Avraamidou, 2020). Identities can change and develop over time; 
resources, contexts, and/or experiences can facilitate or limit some developments, 
and further experiences can be sought or avoided, through various trajectories 
(Gonsalves et al., 2021).

8.3 � Materials, Methods and Analysis

The data used in this paper were taken from the qualitative phase of the larger study 
outlined above. Interviews were undertaken with participants between the ages of 
12 and 18 from eight schools in England (seven state schools and one independent 
school). Thirteen of these students were undertaking biology projects and it is these 
thirteen interviews that are analysed here (nine from the state schools – three from 
one, two from another, one from each of four and none from one – and four from the 
independent school). All the participants undertook a scientific research project 
through IRIS and volunteered to take part in our study. We had no role in the design 
or undertaking of the projects. Examples of projects included mapping UK trees and 
investigating the impact of climate change, synthesising DNA, exploring how a 
reduction in diversity affects humans and other animals, and analysis of biological 
material using a scanning electron microscope. Information sheets (explaining the 
purpose of the research) and consent forms were sent to the schools to be distributed 
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to potential participants and completed consent forms were obtained from the par-
ents and the students whose data are used here. The participants’ schools repre-
sented a wide coverage of geographic (urban and rural) and socio-economic 
background. One was in the north of England, two in the midlands, one in the north-
west and four in the southeast.

Individual semi-structured interviews were conducted in the summer of 2021. 
Each interview lasted between 20 and 30 min and was directed by an interview 
agenda that was based on the research question. Initially, we had hoped to conduct 
face-to-face interviews. However, due to COVID-19 restrictions in place at the time, 
all the interviews were undertaken using the online platform Microsoft Teams. 
Although this approach provided reliable data on students’ views about science and 
investigative research projects, it was not without obstacles. For example, in a few 
of the interviews the internet connection was unstable and consequently a small 
proportion of the respondents’ replies were lost. In addition, in response to their 
school’s safeguarding policy some of the participants chose not to turn their camera 
on during the interview. In such cases it was not possible to capture any non-verbal 
communication. All interviews, with participants’ permissions, were audio-recorded 
and transcribed verbatim. Names of the participants cited in this article are all 
pseudonyms to protect participants’ personal identities.

The interview responses were analysed following the approach to thematic anal-
ysis outlined by Braun and Clarke (2006, 2021). This approach has been widely 
recognized in qualitative research for its flexibility in not only developing signifi-
cant themes from raw data but, as Boyatzis (1998, p.xiii) argues, in allowing for 
“meaning to be articulated or packaged in such a way, with reliability as consistency 
of judgment, that description of social ‘facts’ or observation seems to emerge”. In 
this sense, thematic analysis echoes the general underpinnings of ‘grounded theory’ 
as articulated by Glaser and Strauss (1967), in which the central themes are devel-
oped in the actual data collected.

The students’ responses were first read repeatedly and discussed by the first and 
second author to familiarise ourselves with the data, in line with Braun and Clarke’s 
(2006) recommendation that researchers become intimately familiar with their entire 
data set since this lays the foundation for subsequent steps. Preliminary themes that 
we found relevant to our research question were identified by the first author. The 
relationships between these preliminary themes were given careful consideration by 
the first and second author. In this way, we were also able to identify features of the 
interview transcripts that required further probing and collapse some of the prelimi-
nary themes into new ones, thus reducing their overall number. As new themes were 
developed, participants’ responses were re-read to check that the new themes validly 
represented the interview data. Towards the conclusion of the process, no new 
themes arose, which indicated that the most important ones had been identified.

We identified the following six themes, which are discussed in the findings sec-
tion: motivation for participating in the project; benefits of participating in the proj-
ect; views about science; views about school science; science aspiration; and family 
involvement. As is usual, we do not claim that another group of researchers would 
necessarily (or even probably) arrive at the same themes; there is an element of 
subjectivity in thematic analysis, though we tried to be as objective as possible.
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8.4 � Findings

8.4.1 � Motivation for Participating in the Project

The findings suggest an association between the participants’ motivations for engag-
ing with the IRIS investigative research project and their science identities, with 
many of them articulating that participating in the project provided them with an 
“authentic” experience of what “real scientists” do. For example, John expressed that:

For me, it’s an ideal way to say you have actually had exposure to the type of equipment 
scientists use in the lab. This makes you feel like a real scientist, which you don’t get when 
you do school practical.

Sarah, who, wasn’t yet involved in an IRIS project, but intended to do one next year, 
when asked “so, what is motivating you to want to do the IRIS project?” replied:

It is just because I am interested in it because I don’t have a lot of chances in school or in 
my personal life to get very involved in any research projects. IRIS does provide a way to 
looking into researching and STEM and I find that very fascinating.

When Sarah was then asked “so, do you think the IRIS project will give you a better 
idea of what doing science or being a scientist is?”, she went on to say:

I think it does, especially the research and report and the presentation parts of it because you 
have to carry out your own research and you have to come up with really valid conclusions 
and I would think that’s what real scientists do.

For a number of students, it seems that participation gave them an opportunity to 
understand themselves as scientists. They felt that by actively working with practis-
ing scientists they had a more representative experience of the processes of science 
and had become more socialised into the discursive practices [our phrase] of the 
science community. For example, Nara highlighted her work in using data to evi-
dence the environmental changes in Antarctica. For her, the project not only 
informed her understanding of the extent to which human activities contribute to 
climate change but, as she put it, “provided real opportunities to engage in discus-
sions and debates about scientific issues”. These experiences reinforced Nara’s con-
ception of what a scientist does.

8.4.2 � Benefits of Participating in the Project

Evidence from the interviews suggests that participating in the IRIS project 
increased the students’ interests and attitudes towards science. For most of them the 
project was “engaging”, “exciting”, “quite interesting” or “refreshing”. Participants’ 
enthusiasm about participating in a project increased when they presented their 
findings at an IRIS conference and received feedback from peers and members of 
the science community. For example, Andy said:
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When I partook in the IRIS conference, I started to understand science and my world better, 
so obviously before I liked science but wasn’t entirely sure how it applied to the world. I 
had a rough idea but obviously wasn’t partaking in any research projects and when I partook 
in my first research project with IRIS I started to understand, and it really opened my eyes 
to how it can be different.

As highlighted above, self-efficacy can be seen as a powerful tool to comprehend 
and reinforce students’ motivations to learn science. In other words, a student’s self-
efficacy will influence their attitude and tenacity to tackle problems they encounter 
in science classrooms. The interview data indicates that participating in the research 
project increased the students’ self-efficacy. For example, Michael, who said that he 
had always struggled with biology, now said that he no longer found the subject 
difficult but was intrinsically motivated to succeed.

The participants valued the experience of working in a collaborative context, 
which they recognised as not just an important benefit of participating in the project 
but an important practice in the science community. Such collaboration was seen by 
the participants as a means for creating new forms of knowledge, negotiating mean-
ing and developing new skills. Sarah, who hadn’t started her own IRIS project yet 
but got involved in a friend’s project on composting, said:

Well as we saw from the pandemic working in a group is important for science. Scientists 
need to share their ideas with each other. So, working in a team with people I have never 
worked with before was really nice to do, and although we had disagreements it really 
deepened our friendships. Some of the people in the group knew a lot more than me so I 
learnt a lot about science.

Michael said:

Working as part of a team and discussing scientific ideas allowed me to develop my reason-
ing skills, and I’ve also learned how to take on feedback from people and also include the 
feedback in my work and use what peers have taught me.

One student, Pat, who conducted her own independent research, spoke enthusiasti-
cally about the skills she acquired from participating in the project. Planning and 
designing her research provided her with opportunities to develop reasoning and 
thinking skills; however, she lamented the lack of collaboration with peers, which 
she thought would have brought different perspectives to the process.

For some participants the project not only helped them experience some of the 
practices of the scientific community but gave them a deeper understanding of the 
nature of science – that science is tentative, and inquiry-based:

… I think that IRIS actually helped me learn science. While doing the project I started to 
understand science and my world better so obviously before I liked science, but I wasn’t 
entirely sure how it applied to the world. (Andy).

For some of the participants, engaging in investigative research projects afforded 
them opportunities not only to develop their scientific inquiry skills but also to 
acquire a deeper understanding of the epistemological dimensions of science and its 
connection with historical, cultural and social values. This greater appreciation and 
insight into the nature of science increased their science-related career aspirations, 
as illustrated by Nara:
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Doing the project gave me a better understanding of the subjective nature of science and 
how our personal view can influence the scientific process. It was exciting working with 
students from different backgrounds and this has reinforced my passion for science and 
biology especially.

Although there were varying views amongst the participants, there was broad agree-
ment that the project gave them the opportunity to apply their scientific knowledge 
and engage in critical thinking, which they thought was an important characteristic 
of real science. Taken from this perspective, the IRIS project was generally felt to 
be quite different from school science. As George said:

It’s different from what we have done in the average science … with science at school it’s 
just we get told to do this and that and then we just have to try and work it out … and like 
with the DNA, err the DNA project, we’ve like really had to think about how we’re going 
to do this and how we’re going to do that.

There was also broad consensus that participating in the IRIS project gave them a 
better idea of doing ‘real’ science or what it meant to be a scientist:

So, I would say it’s probably a reflection of real science more than it is the academic sub-
jects. I think practical things are a massive part of science and something I don’t think is 
reflected enough and working with samples and stuff like that, I think it’s been nice to see 
what things are actually like ... (Michael).

Finally, some students talked about how undertaking a project helped them develop 
certain ‘soft’ skills, for example:

It allows you to like work as a team, ‘cos if someone’s fallen behind and struggling you can 
go over get help off them or go over to someone get help or help someone yourself if you’re 
further ahead. (Cameron).

I’ve developed definitely, obviously, teamwork skills, and I’ve also learned how to take 
on feedback from people and also include the feedback in my work and use what peers have 
taught me and also my friends and things from the club and put it into my own work. (Nara).

8.4.3 � Views About Science

Throughout the data, statements by the participants suggested that they held favour-
able views about the benefits of studying science mainly because of its perceived 
utility both at an individual and collective level. For many, the value of science lies 
in its ability to provide relevant real-world applications and a means of explaining 
and understanding the nature of the universe. For example, Paul said “Science can 
help us learn lots of information and people are still discovering information, for 
example, COVID-19. We need science to develop vaccines to help come up with 
statistics that help the community try to reduce the number of cases”. In answer to 
the question “In what ways do you think science is beneficial for life or for the wider 
society?”, Peter replied:

It’s kind of the answer to the future. I don’t think that there is any other kind of special area 
which could, well, there isn’t, progress humanity as a whole and propel our development. 
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So, I suppose you could say that science and innovation are, for the minute, the most promi-
nent things that need improving. Science is how the world works and I think it can influence 
our society in terms of the social aspects and it also plays a big role and science can change 
so many different areas, like the environment, for example; that’s the big thing at the 
moment and science is the core of everything that people discuss about the environment.

For some participants, the perceived utility of science seems to operate at multiple 
levels. Not only did they see the value of studying science as a way of understanding 
the universe but also in relation to their own goals or career intentions. Michael 
wanted to go into medicine but also said:

I think with medicine, you have to have a back-up plan … backup in biochemistry and that 
is going to be my backup. I mean, that’s like an ideal way to say you have actually had 
exposure to the type of equipment and I know how to use this and look what I have studied 
and look at the things that I got from and stuff like that.

For some of the participants, there seems to be an awareness of the importance of 
scientific evidence in shaping public policy. For example, Peter said:

Science is how the world works and I think it can influence our society in terms of the social 
aspects and it also plays a big role and science can change so many different areas, like the 
environment for example; that’s the big thing at the moment and science is the core of 
everything that people discuss about the environment.

8.4.4 � Views About School Science

Although most of the participants held favourable views about science, many of 
them did not view school science as comparable to the science practised by scien-
tists in the wider world. This was illustrated by Peter who expressed:

[School science] lacks sometimes the experience that you’d require for actual science work; 
there is that odd occasion when we do a project that is quite similar to the work that a sci-
entist actually does, so it is quite useful sometimes, but other than that, sometimes it kind of 
lacks in that experience.

Some of the participants felt that school science was much too influenced by the 
National Curriculum and consequently was much too prescriptive with, normally, 
no opportunity to undertake investigative research projects. As Helen put it:

We are preparing for A levels, and we only learn what is in the GCSE specification. We 
hardly do any practicals … we just spend most of the time remembering lots of information 
for the exams.

A few of the participants, however, felt that school science was similar to ‘real sci-
ence’ since it offered opportunities for students to develop a repertoire of scientific 
practices. When Michael was asked “So, what do you enjoy about doing school 
science?”, he replied:

I just like the idea that there’s always an answer, well most of the time, and I sort of like the 
scientific way of working with things, I like working logically. I think a lot with non-
scientific subjects, it can be going all around the bend and you might not even get there. I 
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like the logicality and I like the systematic sort of process of everything and I think that’s 
just the way my brain works.

Moreover, some students felt that school science allowed them to participate in 
scientific inquiry through which they could learn skills that scientists use in their 
day-to-day practice. When John was asked “Do you think that science at school is 
similar or different to what scientists do?”, he answered:

I think that at this school, with the labs, yes. You get an opportunity to see what it’s like to 
work in a real lab because it’s all student-led. We have to take on our own roles and respon-
sibilities so I think in our school, it’s quite similar to a real lab.

At the same time, some of the participants acknowledged the importance of school 
science in providing a foundation to build on:

I think every scientist will have started by having a key understanding of science, that basic 
level of what we teach in school, and they then use those key skills to develop things in the 
wide world, so I think everyone needs the understanding of science from the core. (George).

8.4.5 � Science Aspirations

Many of the participants during the interviews expressed that exposure to investiga-
tive research projects positively influenced their aspirations and career choices:

Yes, definitely … it’s shown me what scientists do and it has shown me how fun it is and 
how enjoyable and how much I would like to actually do that as a job in the future and so 
definitely it has influenced that. (Jasmine).

… I didn’t think about becoming a scientist before, I was pretty much focused on 
becoming a lawyer but now that I did the project, I started thinking well maybe I could 
become a scientist. It seems like a very cool field to work in. (Helen).

I think I have gained a better understanding and a better willingness to attempt new 
things. I am not going to just isolate myself into focusing into one area in science but I am 
going to look furthermore into the field of science. (Shane).

8.4.6 � Family Involvement

Most of the participants felt that they were well supported by their family not just in 
their education and learning but in the active encouragement they received to do 
science. This, in part, may have accounted for their positive attitude towards science 
and motivation to participate in out-of-school related activities, such as IRIS:

… from a young age because my parents are math and science-oriented people, they 
encouraged me down the science and math path. (Sarah).

My mom thinks that I will be really good at science and encourages me to get involved 
in science activities to discover new stuff, especially in the environment. (Michael).

Moreover, many of the participants also reported that they regularly engage in fam-
ily practices that support their interest in science. Such practices include debates 
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around controversial scientific issues, watching science documentaries, and visits to 
outdoor science learning centres:

My family is very interested in going to lots of science museums and the exhibitions, plan-
etarium, and lots of science-related activities I was interested in. (Michael).

Notably, participants from families with ‘high’ science capital were more likely to 
be encouraged to continue studying science beyond the compulsory years and to 
pursue careers in science or science related fields. Nara talked about how all four of 
her grandparents are doctors “and they also helped me become interested in science 
along the way”. She went on to say:

My mom was really interested in science when she was at school and so was my dad and 
when they learned that I was really interested in science they were really happy and they 
encouraged me to join IRIS as well, so yeah, they really like it … the Science Museum is 
definitely somewhere we would go a lot and also I think I went to the Big Bang Fair, two 
years ago or something; we went there as a family, and it was really fun, in particular the 
planetarium … definitely, I’m interested in STEM and subjects surrounding that so I think 
a career in science would be really fun.

8.5 � Discussion

It is clear, in response to our research question, ‘How do secondary school students 
who are participating in a biology research project see both science and themselves 
in relation to it?’, that many of the students felt that their participation in an IRIS 
project had changed how they saw both science and their relationship with science. 
Participants were strongly positive about the benefits of participating in such proj-
ects. Implicit in a number of the participants’ statements above is a conceptualisa-
tion of learning science as an acculturation process in which learners develop 
science process skills by engaging in conversation about science. In this sense, as 
Lave and Wenger (1991) articulate, for learners to progress they much submerge 
themselves in the social practices of the community, guided by the expertise of more 
knowledgeable others who are skilled in their craft. Moreover, Brown et al. (1989) 
argue that learners are better able to acquire the knowledge and skills of science 
when they not only observe existing practices but become ‘full participants’ in the 
science community and its discursive practices.

Furthermore, an extensive body of critical scholarship has pointed to an increas-
ing and worrying lack of interest among students in studying science at upper sec-
ondary school and aspiring to careers in science and related fields (see, for example, 
DeWitt & Archer, 2015). While we would argue that there are many factors that may 
relate to students’ lack of interest (including home background, gender and ethnic-
ity), recent research has identified an association between students’ interest and 
engagement in science and pedagogical approaches that teachers’ employ (Puslednik 
& Brennan, 2020). Both tacit and explicit statements from the participants seemed 
to reaffirm Puslednik and Brennan’s (2020) views that exposure to investigative 
research projects positively influenced their aspirations and career choices, though 
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it could be argued that since participation in the projects was voluntary, the inter-
viewed students may have already had high aspirations towards science-related 
studies. Nevertheless, such findings illustrate the pedagogical value of investigative 
research projects in mediating science learners’ orientation towards careers in sci-
ence, especially those from underrepresented backgrounds.

At the same time, we acknowledge that we have no longitudinal data as to the 
long-term effects of participation in these projects. Further research on such long-
term effects seems warranted, given the frequent enthusiasm exhibited by the inter-
viewees in this study of their participation in investigative biology research projects.
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Chapter 9
Investigating Relationships Between 
Epistemological Beliefs and Personal 
Beliefs in Biological Evolution

Andreani Baytelman, Theonitsa Loizou, and Salomi Chadjiconstantinou

9.1 � Introduction

Evolution is widely seen as the central, unifying and overarching theory in biology. 
The field of biology is made up of many broad topics threaded and held together by 
the theory of biological evolution. For example, content related to evolutionary 
theory can include anything that refers to organisms’ adaptation to their environ-
ment and/or ability to survive and create offspring. It includes DNA, protein 
sequences, common ancestry, genetic variation of populations of organisms, fossils 
and plant and/or animal diversity. Therefore, educating students about biological 
evolution is vitally important because it is capable of explaining a large number of 
natural phenomena at different levels. In addition, an understanding of biological 
evolution is becoming increasingly relevant in practical contexts, including medi-
cine, agriculture, and resource management (Dunk & Wiles, 2018; Fowler & 
Zeidler, 2016).

Despite the importance of biological evolution, it is still poorly understood by 
students throughout their time in education (Nehm & Reilly, 2007; Shtulman, 2006; 
Spindler & Doherty, 2009), science teachers, and the general public (Baytelman 
et  al., 2023; Evans et  al., 2011). This poor understanding has been attributed to 
diverse cognitive, epistemological, religious, and emotional factors (Rosengren 
et al., 2012) that evidently biological evolution education is generally not success-
fully coping with.

Previous research suggests a connection between students’ acceptance and 
understanding of evolutionary theory and their epistemological beliefs toward 
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science. In particular, previous research has shown that there are relationships 
between students’ sophisticated epistemological beliefs toward science and their 
acceptance and understanding of evolutionary theory (Borgerding et  al., 2017; 
Mazur, 2005; Sinatra et al., 2003). On the other hand, it has been argued that a firm 
grasp of epistemological beliefs allows students to compare knowledge frameworks, 
in order to understand how and why knowledge produced through science is differ-
ent from their religious beliefs. Additionally, students’ (and other individuals’) per-
sonal beliefs define how they view the world, which in turn can influence their 
learning, views of science and academic performance. Numerous studies have iden-
tified difficulties in learning about biological evolution throughout education, and 
there is evidence that some of these difficulties stem from epistemological beliefs, 
personal beliefs and cognitive biases (Cavallo & McCall, 2008; Harms & Reiss, 
2019; Shtulman & Calabi, 2012; Shtulman & Schulz, 2008; Sinatra et al., 2003). 
The possible relationship between 12th grade students’ epistemological beliefs 
toward science and their personal beliefs in biological evolution could be of interest 
to researchers, educators and biology teachers in the field, but has not yet been 
enough investigated.

In the present study, we address this gap in the literature, namely whether and to 
what extent 12th grade students’ epistemological beliefs toward science can predict 
their personal beliefs in biological evolution, before biological evolution instruc-
tion. Based on previous research (Sinatra et al., 2003; Sinclair & Baldwin, 1996), 
we hypothesized that there would be a relation between students’ epistemological 
beliefs toward science and their personal beliefs in biological evolution, before 
instruction. By doing this, we hope to gain a better understanding of the contribu-
tion of students’ epistemological beliefs toward science to their beliefs in biological 
evolution, before instruction, and contribute to the development of a theoretical 
framework that will describe learning about biological evolution throughout educa-
tion. Then, additional research could benefit from this study’s findings to measure 
the possible interaction of these two concepts with students’ understanding and 
acceptance of biological evolution.

In particular, we set out to answer the following research question: What are the 
relationships between 12th grade students’ epistemological beliefs toward science 
and their personal beliefs in plant evolution, animal evolution and human evolution, 
before biological evolution instruction?

9.1.1 � Conceptualization of Epistemological Beliefs

According to Kitchener (2002), epistemology is a theory of knowledge and how it 
develops, while personal epistemology is a personal theory about how individuals 
develop knowledge.

Researchers who study epistemology are interested in “how individuals come to 
know, the theories and beliefs they hold about knowing, and the manner in which 
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such epistemological premises are part of and have an influence on the cognitive 
processes of thinking and reasoning” (Hofer & Pintrich, 1997, p. 88).

Epistemological beliefs refer to individuals’ beliefs about the nature of knowl-
edge and the process through which knowledge develops (Hofer & Pintrich, 1997). 
Different models have been proposed on how to conceptualize and examine episte-
mological beliefs. From these, two overarching kinds of models can be identified: 
(a) models that examine epistemological beliefs from a developmental perspective 
(Perry, 1970) and (b) models that explore epistemological beliefs from a multidi-
mensional perspective (Hofer & Pintrich, 1997; Schommer, 1990).

Research on epistemological beliefs was initiated by Perry (1970). He found that 
students do have strong beliefs about knowing and knowledge, but they can change 
over time. Perry argued that students entering college perceive knowledge to be 
simple, certain, and provided by the instructor; however, upon graduation, the same 
students often held more sophisticated beliefs, viewing knowledge as complex, ten-
tative, and derived from reason and observation. Perry proposed a developmental 
model that described nine levels in epistemological beliefs, ranging from the belief 
that knowledge is objective, to the belief that knowledge is radically subjective, and 
finally to the belief that knowledge has objective and subjective aspects.

Since Perry’s research, perhaps one of the most influential studies in epistemo-
logical beliefs was conducted by Schommer (1990). Schommer suggested that stu-
dents’ epistemological beliefs consist of a collection of more or less independent 
beliefs (epistemological dimensions). Schommer proposed a multidimensional 
model and suggested five theoretical dimensions of epistemological beliefs: (a) the 
structure of knowledge (from the simple to the complex nature of knowledge), (b) 
the stability of knowledge (from the factual to the constantly changing nature of 
knowledge), (c) the source of knowledge (from the omniscient source to the empiri-
cally evidenced-based nature of knowledge), (d) the speed of learning (from the 
quick to the gradual nature of learning), and (e) the ability to learn (from the fixed 
or innate to the incremental nature of ability) (Cho et al., 2011).

While the dimensions of structure, stability, and source in Schommer’s concep-
tualization fall under the more generally accepted definition of epistemological 
beliefs (Hofer & Pintrich, 1997), the speed and ability dimensions are controversial 
because they mainly concern beliefs about learning (speed) and intelligence (abil-
ity). Hofer and Pintrich (1997) argued that epistemological 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 (related to the structure 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 interre-
lated concepts, and (b) Certainty of knowledge (related to the stability 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 
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nature of knowing are: (c) Source of knowledge, 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 (d) 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 add-
ing another nature of knowing factor: Justification.

Additionally, Conley et al. (2004) suggested a new dimension of epistemological 
beliefs, i.e., the Development of knowledge, which is related to the nature of the 
development of knowledge. Researchers in the field of epistemology, educational 
psychology and science education have proposed a variety of instruments for the 
examination of epistemological beliefs (e.g., Baytelman, 2015; Baytelman et al., 
2020a, b, 2022; Baytelman & Constantinou, 2016a, b; Conley et al., 2004; Kuhn 
et al., 2000; Schommer, 1990; Schommer et al., 1992; Schommer-Aikins, 2004). 
The Dimensions of Epistemological Beliefs toward Science (DEBS) Instrument 
(Baytelman et al., 2020a, b, 2022; Baytelman & Constantinou, 2016a, b) is based on 
the multidimensional perspective of epistemological beliefs and captures five 
dimensions: three dimensions related to the nature of knowledge (Certainty, 
Simplicity and Development of Knowledge), and two dimensions related to the 
nature of knowing (Source and Justification of Knowledge). The DEBS Instrument 
is suitable for high school and university undergraduate students and was used for 
this study.

Despite the differences between the developmental and the multidimensional 
models, “the fairly well-established trend is that individuals move from some more 
objectivist perspective through a relativistic one, to a more balanced and reasoned 
perspective on the objectivist–relativistic continuum, with this latter position reflect-
ing a more sophisticated manner of thinking” (Pintrich, 2002, p. 400).

According to Muis et al. (2015), since the multidimensional model of epistemo-
logical beliefs is a system of more or less independent epistemological dimensions 
which are not necessarily developing in synchrony with each other, it is important 
to make efforts to foster all dimensions of students’ epistemological beliefs, using a 
variety of didactical approaches. Some recommended didactical approaches to pro-
mote students’ epistemological beliefs are inquiry-based teaching and learning (Shi 
et al., 2020), teaching and learning using history of science (Matthews, 1992, 1994) 
dialogic argumentative activities (Baytelman, 2015; Baytelman et  al., 2020a; 
Iordanou & Constantinou, 2014) and reflective judgment through socioscientific 
issues (Zeidler et al., 2009). However, the recommended didactical approaches are 
synergistic, built upon one another, and provide opportunities for fostering students’ 
epistemological beliefs.

Researchers have argued that epistemological beliefs are related to learning and 
academic performance, comprehension, views of science, innate learning and 
choosing science as a career, self-efficacy beliefs, students’ motivation and higher 
levels of self-concept and self-efficacy (Baytelman et  al., 2023; Chen, 2012). 

A. Baytelman et al.



123

Additionally, studies argue that students’ epistemological beliefs have a direct 
impact on the selection of learning strategies or approaches, the process of shaping 
conceptions, and problem-solving (Chan et al., 2011) and an individual’s ability to 
generate alternative arguments, counterarguments and rebuttals (Baytelman 
et al., 2020a).

9.1.2 � Personal Beliefs in Biological Evolution

Personal beliefs in a construct (e.g., biological evolution) are considered to be per-
sonal truths or personal views of the world. These personal truths are not held to the 
same epistemological criteria as knowledge; instead, personal beliefs are under-
stood to be extra-rational. In other words, they are not based on the evaluation of 
evidence, they are subjective, and they are often intertwined with affect (Sinatra 
et al., 2003).

Personal beliefs in biological evolution are based on personal convictions, opin-
ions, and degree of congruence with other belief systems, and are very resistant to 
change, despite instruction. Students’ worldviews are sculpted mainly by culture, 
religion, politics and education (Mazur, 2005). Many times these beliefs influence 
students to place themselves in an either/or position in regard to evolution (Sinclair 
& Baldwin, 1996). These positions seem to fall into one of two camps: evolutionist 
or creationist. Evolutionists tend to believe that evolution is a process of change that 
is independent of the influence of any supreme design, while creationists tend to 
believe that there is some supreme force directing the development of life. These 
differing beliefs can affect how students approach learning evolution (Cavallo & 
McCall, 2008). One of the most influential factors regarding one’s beliefs appears 
to be religion. Religious beliefs seem to contribute to the variation in student beliefs 
in biological evolution. Religion is a very personal aspect of one’s life, and beliefs 
in general are a very personal aspect of viewing the world. Therefore, it stands to 
reason that religion can be an influence on beliefs about controversial topics such as 
biological evolution (Cavallo & McCall, 2008). In general, personal beliefs are 
shown to interfere with the students’ ability to examine scientific evidence objec-
tively, and the interference can be even stronger when learned religious ideas are 
against the information being taught (Cavallo & McCall, 2008; Sinclair & 
Baldwin, 1996).

Students have likely been exposed to some opinions about evolution from par-
ents, religious leaders, or the media before entering the classroom. This exposure 
has most likely helped form ideas and beliefs in evolution prior to formal biological 
evolution instruction (Shtulman & Schulz, 2008; Woods & Scharmann, 2001). This 
suggests that biology teachers need to explore their students’ worldviews and per-
sonal ideas in biological evolution before instruction, and explore how their per-
sonal beliefs may be impacted by science teaching and learning. Blackwell et al. 
(2003) highlight that evolutionary theory remains a topic that will often require 
penetration into a person’s belief system prior to acceptance.
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In an explanation of the role of emotions and epistemology when students learn 
biological evolution, Scharmann (1990) has suggested that students need to be 
aware that consideration of biological evolution does not require that they turn away 
from their firmly entrenched religious beliefs and culturally-based understandings. 
Yet, he has suggested that a diversified strategy that targets not only constructs 
related to biological evolution, but also focuses on students’ understanding of the 
nature of scientific knowledge, allows for students to consider scientific concepts 
without forcing them to turn from their religious and cultural beliefs.

Additionally, Sinatra et al. (2003) have argued that a firm grasp of epistemologi-
cal beliefs allows students to compare knowledge frameworks, to understand how 
and why knowledge produced through science is different from their religious 
beliefs. Yet, Cherif et  al. (2001) found a strong relationship between beliefs and 
understanding of biological evolution. However, biology education currently has an 
incomplete understanding of potential relationships between students’ epistemo-
logical beliefs toward science and personal beliefs in biological evolution.

9.2 � Research Design and Method

9.2.1 � Study Design

The present study examines relationships between 12th grade students’ epistemo-
logical beliefs toward science and their personal beliefs in plant evolution, animal 
evolution and human evolution, before biological evolution instruction. The aim of 
the study is a deeper understanding of the contribution of students’ epistemological 
beliefs toward science to their beliefs in biological evolution, before instruction, and 
the development of a theoretical framework that will describe teaching and learning 
about biological evolution throughout education. In particular, we seek to answer the 
following research question: What are the relationships between 12th grade students’ 
epistemological beliefs toward science and their personal beliefs in plant evolution, 
animal evolution and human evolution, before biological evolution instruction?

To answer our research question, we asked 12th grade students to respond to 
instruments (questionnaires and semi-structured interviews) that assess their episte-
mological beliefs toward science and their personal beliefs in plant evolution, ani-
mal evolution and human evolution, before biological evolution instruction.

The quantitative and qualitative data were collected in three stages: (a) First 
stage: Assessment of 51 participants’ epistemological beliefs, using a questionnaire 
based on the multidimensional perspective of epistemological beliefs; (b) Second 
stage: Assessment of 51 participants’ personal beliefs in animal, plant and human 
evolution, using a specific questionnaire; (c) Third stage: Conducting semi-
structured interviews with five participants. The interview guidelines made specific 
reference to the questionnaire in order to investigate further 12th grade students’ 
epistemological beliefs and personal beliefs in biological evolution and obtain a 
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more comprehensive understanding of them. The major purpose of using quantita-
tive and qualitative approaches and methods of data collection was to increase their 
validity and credibility (Greene, 2007).

9.2.2 � Participants

In this study, participants included 51 12th grade students at a public secondary 
school in Cyprus, (female 31, male 20, with a mean age of 17.5 years). In Cyprus, 
12th grade  students have biology as an elective course. The unit on evolution is 
taught at the end of high school, and, according to the Cyprus National Curriculum, 
students do not have any lessons on biological evolution before grade 12. The par-
ticipants were Caucasian native speakers of Cyprus and shared a homogeneous 
middle-class social background and the Greek language. They were of Christian 
affiliation, with the majority being Christian Orthodox. They attended the same 
school and came from the same geographical area of Cyprus. All instruments that 
were used for this study were in the Greek language, and all data were treated 
anonymously and confidentially.

9.2.3 � Data Collection

Instruments  In order to answer the research question (What are the relationships 
between 12th grade students’ epistemological beliefs toward science and their per-
sonal beliefs in plant evolution, animal evolution and human evolution, before bio-
logical evolution instruction?), we used two different questionnaires and 
semi-structured interviews.

Participants’ epistemological beliefs were assessed using the Dimensions of 
Epistemological Beliefs toward Science Instrument (DEBS) (Baytelman, 2015; 
Baytelman et al., 2020a, b; Baytelman & Constantinou, 2016a, b), which is based 
on the multidimensional perspective of epistemological beliefs and has been vali-
dated in the particular culture in which the research was conducted. This instrument 
contained 30 Likert-scale items designed to assess three dimensions concerning 
knowledge (i.e., Certainty, Simplicity and Development of knowledge), and two 
dimensions concerning knowing (i.e., Source and Justification of knowledge). Each 
dimension consisted of six items. Scoring of the DEBS was done by rating the 30 
items on a four-point Likert scale, ranging from strongly disagree to strongly agree 
(strongly disagree = 1, disagree = 2, agree = 3, and strongly agree = 4). High scores 
on this measure represent more sophisticated epistemological beliefs, while low 
scores represent less sophisticated beliefs. The DEBS Instrument is suitable for high 
school and university undergraduate students (Baytelman, 2015; Baytelman 
et al., 2023).
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Table 9.1  Main questions used in the semi-structured interviews

A/A Main questions used in the semi-structured interviews

1 Do you believe that scientific knowledge and theories are reliable and unchanging? Please 
explain why or why not

2 Do you believe that in order to gain real insight into scientific issues it is necessary to form 
a personal opinion about what one reads/listens to, or to accept this information as 
reliable? Please explain why or why not

3 Do you believe that the plants that we know today have evolved from earlier species? 
Please explain why or why not

4 Do you believe that the animals that we know today have evolved from earlier species? 
Please explain why or why not

5 Do you think that human beings have evolved from earlier species? Please explain why or 
why not

To assess participants’ personal beliefs in biological evolution, we used a spe-
cific instrument, namely the Personal Beliefs in Biological Evolution Instrument 
(PBBE), which was developed specifically for this study. This instrument contained 
four items designed to assess students’ beliefs in plant evolution, animal evolution, 
human evolution, and human creation by God. Similarly to epistemological beliefs, 
each item was rated on a four-point Likert scale, ranging from strongly disagree to 
strongly agree (strongly disagree = 1, disagree = 2, agree = 3, and strongly agree = 4).

Interview Guidelines  In order to triangulate and verify the findings of the data 
collected by the DEBS and PBBE Instruments, interviews were conducted. 
Interviews were semi-structured and conducted individually. In this part of the 
study, five 12th grade students (female 3; male 2) volunteered to participate in inter-
views, six days after they completed the DEBS and PBBE questionnaires, and 
before biological evolution instruction. In particular, five main questions were 
posed, supported by a number of sub-questions to help students elaborate on the 
topic if necessary. Interviews lasted 20 min each. The participants were all asked the 
same questions, but, in some cases, the manner in which they were asked varied, in 
order to obtain in-depth information (Bryman, 2008). Table 9.1 illustrates the main 
questions that were used in the semi-structured interviews.

9.2.4 � Data Analysis

The quantitative data from the four-point Likert-scale questionnaires were analyzed 
statistically with the help of a computer-based statistical program: SPSS 20. First, 
the means, standard deviations, and the minimum and maximum scores of all vari-
ables of this study were calculated. Then, to investigate whether the variables of the 
study were positively or negatively and significantly correlated among them, 
Pearson correlations were calculated.

To answer whether the 12th grade students’ epistemological beliefs can predict 
their personal beliefs in plant evolution, animal evolution and human evolution, 
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before biological evolution instruction, multiple regression analyses were carried 
out with epistemological beliefs (epistemological dimensions) as predictors. This 
approach enabled us to examine a relationship between dependent variables (per-
sonal beliefs in plant evolution, animal evolution and human evolution), and multi-
ple independent variables (dimensions of epistemological beliefs), before biological 
evolution instruction.

Qualitative data from semi-structured interviews were analyzed through content 
analysis, using both inductive and deductive qualitative content analysis in order to 
develop coding categories (Mayring, 2000). The semi-structured interviews were 
audio recorded and transcribed. The content analysis of interview transcripts was 
conducted by two researchers who were familiar with epistemological beliefs and 
biological evolution. The content analysis was undertaken through a manual method 
of analysis. Coding categories emerged from students’ data through repeated exam-
ination, comparison, and interpretation.

In the case of disagreements regarding content analysis of semi-structured inter-
views, the two coders discussed all discrepancies. Inter-rater reliability for the main 
questions of the semi-structured interviews was estimated using Cohen’s Kappa, 
with ḳ = .91.

9.3 � Results

Table 9.2 displays the means, standard deviations, and the minimum and maximum 
scores of all variables of this study.

As seen in Table 9.2, participants’ scores on the epistemological beliefs toward 
science measure suggested relatively sophisticated beliefs about the nature of know-
ing (source and justification of knowledge), and less sophisticated beliefs about the 
nature of knowledge (certainty [stability of knowledge], simplicity [structure of 
knowledge] and development of knowledge). Yet, participants’ scores on their 

Table 9.2  Descriptive statistics for all variables of the current study (N = 51)

Variable M SD Min. Max.
Epistemological beliefs

Certainty of knowledge 2.59 0.39 1.33 3.16
Simplicity of knowledge 2.55 0.37 1.66 3.33
Development of knowledge 2.56 0.27 1.83 3.00
Source of knowledge 2.80 0.43 2.00 3.66
Justification of knowledge 2.90 0.34 2.16 4.00
Personal beliefs in biological evolution

Beliefs in plant evolution 3.23 0.73 1.00 4.00
Beliefs in animal evolution 3.30 0.74 1.00 4.00
Beliefs in human evolution 2.65 0.79 1.00 4.00
Beliefs in human creation by God 3.41 0.92 1.00 4.00
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personal beliefs in plant and animal biological evolution measure were higher than 
their scores on beliefs in human evolution. However, participants’ scores on beliefs 
in human creation by God were the highest.

Table 9.3 displays the Pearson correlations between all variables of this study.
As seen in Table 9.3, the Pearson correlations indicated significant positive cor-

relation (Cohen, 1988, 1992) between source epistemological beliefs before evolu-
tion intervention and personal beliefs in plant evolution and animal evolution 
(r = .33, p < .05; r = .35, p < .05), suggesting that more sophisticated epistemologi-
cal beliefs about the source of knowledge were correlated with high personal beliefs 
scores on plant and animal biological evolution. The results of the Pearson correla-
tions indicated no significant correlation between epistemological beliefs and per-
sonal beliefs in human biological evolution or human creation by God.

Table 9.4 displays the unstandardized regression coefficients (B) and intercept, 
the standardized regression coefficients (β), R2, and adjusted R2 after entry of all 
independent variables (IVs).

As seen in Table  9.4, the regression analyses revealed a similar pattern to the 
Pearson correlations. Using the personal beliefs in plant, animal, human evolution and 
human creation by God measures as dependent variables and the measures of episte-
mological beliefs (dimensions) as predictors in separate analyses revealed that there 
was a weak significant predictive relation between the epistemological beliefs dimen-
sion of source of knowledge and personal beliefs in plant evolution (R2 = 0.11, Finc(1, 
49) =6.09, p = 0.02) and animal evolution (R2 = 0.12, Finc(1,49) = 6.68, p = 0.01).

The results of the regression analyses indicated no predictive relation between 
epistemological beliefs and personal beliefs in human evolution (R2 = 0.49, Finc(5, 
45) = 0.47, p = 0.8), and beliefs in Human Creation by God (R2 = 0.11, Finc(5, 
45) = 1.12, p = 0.36).

Table 9.3  Pearson correlations for all variables of the current study (N = 51)

Variable 1. 2. 3. 4. 5. 6. 7. 8. 9.
Epistemological beliefs

1. Certainty of knowledge –
2. Simplicity of knowledge 0.08 –
3. Development of 

knowledge
0.30* 0.28* –

4. Source of knowledge 0.30* 0.08 0.37** –
5. Justification of 

knowledge
0.13 0.09 0.23 0.36** –

Personal beliefs in biological evolution

6. Beliefs in plant evolution 0.14 0.00 0.18 0.33* 0.00 –
7. Beliefs in animal 

evolution
0.16 0.30 0.21 0.35* 0.00 0.96*** –

8. Beliefs in human 
evolution

0.12 0.05 0.06 0.12 0.17 0.18 0.18 –

9. Beliefs in human 
creation by God

−0.9 0.08 −0.02 0.13 −0.10 −0.23 −0.23 −0.05 –

Note: ***p < .001, **p < .01, two-tailed; *p < .05, two-tailed
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The semi-structured interviews results indicated a similar pattern to that of the 
Pearson correlations and the regression analyses. All interviewed students expressed 
relatively sophisticated epistemological beliefs toward scientific theories and nature 
of knowledge and knowing, indicating that knowledge is tentative and evolving. For 
example, two students commented that “… scientific theories are reliable and well 
established, but sometimes they can change because of new evidence, new instru-
ments or new interpretations …” Additionally, all five interviewees mentioned that 
it is necessary to form a personal opinion about what one reads/listens to. For exam-
ple, three students commented that “… some scientists can make errors that harm 
people’s health and the environment …”.

All interviewed students mentioned that they believe in plant and animal biologi-
cal evolution, but only two students mentioned that they believe in human evolution. 
The other students mentioned that God created human beings. For example, one 
student stated that “… animals and plants have evolved from other organisms, but 
the human being is God’s creation. Another interviewed student used data from the 
Bible to explain the creation of Earth and Life and then expressed the idea that God 
guided evolution. One student mentioned that “…according our religion, humans 
were created by God, and I believe this…”.

However, students who expressed highly sophisticated epistemological beliefs 
toward science were more likely to believe in human evolution compared to stu-
dents with less strong / (OR weaker) and less sophisticated epistemological beliefs. 
Additionally, the results from the semi-structured interviews indicated that students’ 
personal beliefs in human evolution were more related to their degree of religious 
commitment and not to their epistemological beliefs.

9.4 � Discussion and Conclusions

The present research extends the current literature examining relationships between 
12th grade students’ epistemological beliefs toward science and their personal 
beliefs in plant evolution, animal evolution and human evolution, before biological 
evolution instruction. The findings indicate that students with relatively sophisti-
cated epistemological beliefs, particularly beliefs about the source of knowledge, 
believe more in animal and plant evolution than students with less sophisticated 
epistemological beliefs. In other words, students who view science and scientific 
knowledge as a tentative and a dynamic process, and the result of the logical pro-
cessing of facts and evidence with coherence, are also more likely to believe in plant 
and animal biological evolution. On the contrary, the more the students view science 
and scientific knowledge as fixed and authoritative, the more likely they are to not 
believe in evolutionary theory. On the other hand, our data showed no relationship 
between epistemological beliefs and beliefs in human evolution. Instead, our inter-
views findings showed high beliefs in human creation by God.

The finding that 12th grade students’ epistemological source beliefs predicted 
their personal beliefs in plant and animal evolution, before biological evolution 
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instruction, constitutes a novel contribution of the present study. Furthermore, our 
interview results show that religious belief is an important influential factor in deter-
mining students’ personal beliefs in human biological evolution. This finding is 
consistent with previous findings reported in the literature (Cavallo & McCall, 
2008; Gould, 1997; Winslow et al., 2011; Woods & Scharmann, 2001). According 
to Gould (1997), although epistemologically, religion and science can be considered 
as non-overlapping magisteria, pedagogically these two magisteria could poten-
tially overlap each other in a student’s mind; thus feeding their opposition to bio-
logical evolution and promoting beliefs in human creation by God.

The finding that human beings are not automatically considered as animal organ-
isms by the 12th grade students highlights the need for biology teachers to address 
students’ misconception in order to foster their conceptual understanding of the 
biological evolution of all living organisms. Researchers of conceptual change have 
explored the impact of different factors on students’ understanding of the process of 
conceptual understanding (Pintrich, 1999; Sinatra & Pintrich, 2003). They argue 
that affective constructs, epistemological beliefs and religious factors can be brought 
intentionally to bear on the process of conceptual change and learning (Pintrich, 
1999; Reiss & Harms, 2019; Rosengren et al., 2012; Sinatra & Pintrich, 2003). This 
means that the way in which students understand the nature of knowledge and 
knowing, their religious beliefs and their personal views of the world may impact 
their conceptual change mechanism and learning about biological evolution.

Our research has important educational implications, showing that one goal of 
biology education should be to teach students to inquire about the world around 
them in an objective manner, taking into consideration that science and religion are 
distinct systems, and being aware that questioning what they know and think does 
not necessitate that they change their faith. Yet, biology teachers should address 
students’ misconceptions about human biological evolution (among others) and fos-
ter students’ epistemological beliefs and their familiarity with the methodological 
principles of scientific knowledge that – by their very nature – set the boundaries on 
what science can address.

Additionally, our research points to the need to invest in efforts to foster stu-
dents’ source epistemological beliefs. When students understand that knowledge is 
actively constructed by the person in interaction with others, and they view their 
current knowledge about the world as something that will change with new knowl-
edge, perhaps they will become open to continued inquiry and questioning in every 
aspect of their lives.

In summary, the present study extends the current literature by examining rela-
tionships between epistemological beliefs toward science and personal beliefs in 
plant evolution, animal evolution and human evolution, before biological evolution 
instruction. Our results show that 12th grade students’ epistemological beliefs pre-
dict their personal beliefs in plant evolution and animal evolution, but not in human 
evolution. Our findings suggest the need to design educational programs to support 
the development of students’ epistemological beliefs toward science, supporting 
students: (a) to understand and be able to practice the processes of science, to expe-
rience the tentative and evolving nature of science, and to logically and thoughtfully 
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analyze scientific evidence, making their own logical arguments that justify their 
personal beliefs; (b) to understand how and why knowledge produced through sci-
ence is different from their religious, social and cultural beliefs; (c) to understand 
the nature of knowledge and knowing and the methodological principles of scien-
tific knowledge which may impact students’ conceptual change mechanism and 
learning about the theory of biological evolution, with an emphasis on human 
evolution.

Inquiry-based teaching and learning (Shi et al., 2020), learning by using history 
of science (Matthews, 1994), dialogic argumentative activities (Iordanou & 
Constantinou, 2014) and reflective judgment through socioscientific issues (Zeidler 
et al., 2009) are some of the recommended didactical approaches to foster students’ 
epistemological beliefs. However, the recommended didactical approaches are syn-
ergistic, build upon one another, and provide opportunities to foster students’ epis-
temological beliefs (Baytelman et al., 2023).

There are some limitations to the current study that may provide impetus to fur-
ther work in this area. The first limitation concerns the small size of our sample, 
consisting of 51 students. The second limitation concerns the impact of the school 
unit and the residence of the participants. All of the participants came from the same 
school unit and from the same region: They shared a homogeneous middle-class 
social background, and the same language and religion. The third limitation con-
cerns the small size of semi-structured interviews, consisting of five interviews. The 
last limitation concerns the Pearson coefficients, as well as the R2 in the multiple 
regression analyses in the present study, which were low. Further research is required 
to replicate these findings, which will be of interest to researchers, educators and 
biology teachers in the field.
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Chapter 10
Plant Blindness Intensity Throughout 
the School and University Years: 
A Cross-Age Study

Alexandros Amprazis and Penelope Papadopoulou

10.1 � Introduction

In the mid-1980s, James Wandersee (1986) recorded for the first time in the litera-
ture a phenomenon according to which people show more interest in animals than 
plants. Since then, he and other researchers (Bebbington, 2005; Fančovičová & 
Prokop, 2011; Schussler & Olzak, 2008) have identified the phenomenon known as 
‘Plant Blindness’, which mainly refers to: (a) the inability of humans to see, notice 
or focus their attention to plants in their daily life, (b) the inability to recognize the 
importance of plants’ aesthetics and the uniqueness of their biological characteris-
tics, (c) the tendency of humans to classify plants as inferior to animals and (d) the 
lack of basic knowledge regarding plant organisms (Amprazis et al., 2019; Strgar, 
2007; Wandersee & Schussler, 2001). The phenomenon seems to have social and 
environmental impacts, as links to sustainable development are documented 
(Amprazis & Papadopoulou, 2020; Thomas et al., 2022). It is noteworthy that lately 
some researchers have questioned the validity of plant blindness as a ‘whole world 
phenomenon’ (Balding & Williams, 2016). This notion is based upon the fact that 
the vast majority of plant blindness research derives from the Western world, as well 
as upon some ethnobotany studies which outline how indigenous communities can 
be closer to flora than social groups in Western civilisation (Katz, 1989).

Regarding the causes of the phenomenon, the first researchers focused on the 
lack of intense plant movement, the types of animal activities (feeding, communica-
tion) and the external, morphological relevance of mammals to the human species 
(Hoekstra, 2000). Additionally, the human brain processes only a portion of the 
millions of information units (bits) that are continuously being sent from the eyes 
(Wandersee & Schussler, 2001). Plants as a common part of the visual background 
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and without visible movement are not usually contained in the information that the 
brain chooses to process. The phenomenon appears to be even more complex and 
intricate, as there is a kind of ‘zoocentrism’ in the school context. Hershey (1996) 
was the researcher who first referred to this ‘zoo-centric approach’ in school cur-
riculum. This notion was reinforced by later research, which recorded more visual 
or written references to animals than to plants in textbooks (Link-Perez et al., 2009). 
Regarding school teachers, they also seem to contribute to zoocentrism when, for 
example, they want to elaborate upon the concept of life. Here, they are more likely 
to refer to an animal than a plant (Hershey, 2005).

Regarding the restriction of plant blindness, in the literature one can find research 
mainly in the educational context. Several researchers report that specifically 
designed educational interventions can stimulate students’ interest in plants and 
contribute to the phenomenon’s restriction. Fančovičová and Prokop (2011) imple-
mented and evaluated educational projects in Slovakia, involving pupils aged 
10–11 years old. The children visited areas with rich vegetation and the researchers 
recorded a statistically significant improvement in pupils’ attitudes towards plants 
after the educational activities. Similarly, in Lindemann-Matthies’ (2005) research, 
students from 146 secondary schools in Switzerland increased their interest in non-
common plant species through contact and guided observation of plants. Educational 
activities outside of school were also chosen by Borsos (2019) to enhance students’ 
interest towards plants. Based on the results of her research, the children who par-
ticipated in the study significantly improved their relative knowledge. Çìl (2016) 
evaluated an intervention to enhance knowledge and interest in plant organisms, 
which was based on the integration of elements of visual arts and chemistry in the 
botany lesson. According to the results, 25 children aged 10 to 12 years old improved 
their attitudes towards plants as they became more aware of the importance of plant 
organisms and increased their interest in them. In Stagg and Verde’s (2018) interdis-
ciplinary approach, English primary school pupils attended or participated in an 
interactive drama performance that aimed to teach basic, plant-based functions. 
Afterwards, an increase in knowledge and an improvement of children’s attitudes 
towards plants was recorded. Kissi and Dreesmann’s (2018) study implemented an 
educational intervention in a botanical garden using mobile phones. Children were 
involved in the whole process by observing and collecting information about differ-
ent plant species in the botanical garden. This led to improved knowledge and more 
positive attitudes towards plants.

In consideration of all that has been mentioned above, the research questions we 
address here are as follows:

	1.	 How does the intensity of plant blindness change as students move from primary 
school to university?

	2.	 How does the correlation between the core elements of the phenomenon alter as 
students move from primary school to university?
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10.2 � Research Design and Method

Data were collected from 1237 students from primary school, junior high school, 
senior high school and university. More specifically, these were 333 students from 
the sixth grade of primary school, 301 from the third grade of junior high school, 
305 from the third grade of senior high school and 298 from the fourth year of uni-
versity. Regarding the latter participant group, they were students from primary 
education pedagogical departments of Greek universities. This choice was made for 
students from such departments who have a broader knowledge, similar to those of 
the general population, without having expertise in plants or any other particular 
field. Moreover, they are potentially compulsory education teachers who will later 
be called upon to teach and act as role models for the children. It has to be men-
tioned that only graduates from each school level were selected, in order for the 
participants to reflect all the background knowledge offered by every educational 
grade. Since primary school in Greece lasts 6 years, junior and senior high school 
last 3 years each, and pedagogical departments in tertiary education last 4 years, 
participants age range was 12, 15, 18 and 22 years old accordingly.

As there were different age groups, a cross-sectional study was chosen 
(Abdolmohammadi & Reeves, 2000). In general, cross-sectional studies are widely 
used in the field of education to examine students’ attitudes and learning patterns 
(Prochaska et al., 2003).

The research instrument was a questionnaire. Participants’ attitudes towards 
plants and animals were assessed through five-point Likert-type scale questions. 
The same type of questions was also used to assess the amount of knowledge about 
plants that is being offered to students in school. For example, ‘how often do your 
teachers talk about plants?’ In order to evaluate students’ knowledge about flora, 
‘right or wrong’ questions were used. More specifically, students were given spe-
cific statements and asked to rate them as right, wrong, or to admit that they could 
not give an opinion on the sentence correctness. Examples of such statements for 
primary school were ‘There are plants that can grow without a root’ and ‘Plants 
make their own food’, while examples for senior high school were ‘Plants partici-
pate directly or indirectly in the production of all food consumed by humans’ and 
‘All plants contain phloem and xylem to move nutrients’.

The content of these statements was determined by the knowledge offered at 
each school level, as this is formed by the official curriculum. During the analysis, 
students’ wrong answers and the ‘I don’t know’ option were consolidated and clas-
sified as lack of knowledge. The instrument also consisted of a particular question 
in which students were asked to freely complete a list of five living things that they 
could think of. That was included in order to examine participants’ spontaneous 
recall of plants as living things (Anderson et  al., 2002). Finally, a question was 
included in which students had to distinguish and mark out plant-derived products 
among 12 common daily products. To construct the research instrument, specific 
steps were followed, as these are determined by the literature of quantitative meth-
odology (Creswell, 2012; Little, 2013; Teo, 2013). Initially, the primary school 
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questionnaire was created and afterwards it was adapted to the other age groups. 
After determining the theoretical framework, several exploratory semi-structured 
interviews were conducted with students to gain insight into their conceptions and 
make a first assessment of the existence of plant blindness aspects. The first version 
of the research instrument was created and assessed by in-service teachers and stu-
dents regarding its comprehension. New versions of the research instrument were 
created and tested through three pilot implementations (Krosnick et al., 2018). The 
evaluation of the questionnaire’s validity was established by a group of experts in 
biology education and, regarding the internal consistency, the value of Cronbach’s 
Alpha was above 0.8 for every age group. It is also important to note that by follow-
ing the methodology of cross-sectional studies, wording changes were applied to 
the instrument in order to reflect the participants’ age at each level.

In the research instrument there were six factors of the questionnaire to reflect 
the core elements of the definition of plant blindness. These factors were (a) Interest 
in plants, (b) Interest in animals, (c) Assessment of students’ knowledge about 
plants, (d) Identification of plant-derived products, (e) Recall of plants as living 
things and (f) Amount of knowledge about plants offered by school.

The Spearman’s rank correlation coefficient test was conducted to examine cor-
relations between these factors. To graphically present these correlations, and hence 
the relationships between the phenomenon’s core elements, a network analysis was 
also conducted (Borgatti et al., 2009). Only the statistically significant positive cor-
relations were used for the network analysis. In order to classify the statistically 
significant positive correlations between the factors in the questionnaire as strong or 
weak, the following scale was used: .00–.19 ‘very weak’, .20–.39 ‘weak’, .40–.59 
‘moderate’, .60–.79 ‘strong’ and .80–1.0 ‘very strong’ (Moore, 2004). To illustrate 
the results of the Spearman’s test, the open-source software called Gephi (Bastian 
et al., 2009) was used. Gephi generated specific diagrams in which the width of the 
lines represents the level of positive correlation between the factors – the wider the 
line, the stronger the correlation.

10.3 � Results

A Wilcoxon signed-ranks test was conducted and indicated that students’ scores 
regarding preference for animals were statistically significantly higher than their 
scores regarding preference for plants, Z = −32.51, p < .000. The effect size of this 
statistical test was found to be large, r = .86. The same test was conducted for each 
grade individually and produced the same result every time.

A Kruskal-Wallis H test was conducted to clarify whether there is a statistically 
significant difference in the ‘Preference in Flora’ factor among the four school level 
groups of our participants (Table  10.1). The test was significant [X2(3, 
n = 1248) = 95.69, p < .05] and follow-up Mann-Whitney U tests indicated that the 
high school students recorded the most negative answers regarding preference for 
flora. No difference was recorded among primary school and university students.
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Table 10.1  Kruskal-Wallis H test results regarding students’ level of schooling effect on their 
preference for plants (N = 1248)

Students grade N Mean ranks Mean x2 df Asymp. sig

Primary school (12 years old) 333 3.35 731 95.697 3 .000
Junior high school (15 years old) 301 2.99 553.2
Senior high school (18 years old) 305 2.94 540
University (22 years old) 298 3.42 767.8

Fig. 10.1  Plant blindness’ core elements’ network analysis for primary school students

Different correlations have been recorded for each grade by conducting the 
Spearman’s rank correlation coefficient tests. As shown by the follow-up network 
analysis, in primary school all of the phenomenon’s core elements appear to be 
interconnected (Fig. 10.1). More specifically, regarding strong or moderate correla-
tions, wide lines connect interest in plants to (a) interest in animals, (b) knowledge 
about plants and (c) assessment of knowledge about plants. Another strong correla-
tion that is recorded is between assessment of knowledge about plants and identifi-
cations of plant-derived products. It is interesting that the strong correlations that 
have been recorded in primary school were also recorded in the junior high school 
(Fig. 10.2). By examining the correlations recorded in Fig. 10.2, one can conclude 
that the more junior high school students are interested in animals, the more they are 
interested in plants. Respectively, the more they are interested in plants, the more 
knowledge they have about plants. Regarding the latter correlation (interest in 
plants  – knowledge about plants offered by school), as we move to senior high 
school, it is not so strong anymore (Fig. 10.3). The same applies to the correlation 
between interest in plants and assessment of knowledge about plants. On the con-
trary, the correlation between interest in plants and interest in animals remains 
strong, as the more senior high school students are interested in animals, the more 
they are interested in plants and vice versa.
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Fig. 10.2  Plant blindness’ core elements’ network analysis for junior high school students

Fig. 10.3  Plant blindness’ core elements’ network analysis for senior high school students

Finally, by examining the network analysis of the university group (Fig. 10.4), 
one can draw interesting conclusions. Firstly, an all-pervasive lack of statistically 
significant positive correlations is recorded. Plant blindness core elements do not 
seem to be so connected when the phenomenon is examined among university stu-
dents. The only strong correlation that one can identify is between interest in plants 
and knowledge about plants. Interest in plants and interest in animals are still con-
nected, but not so intensely anymore.
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Fig. 10.4  Plant blindness’ core elements’ network analysis for university students

10.4 � Discussion and Conclusions

Plant blindness seems to be a complex phenomenon that should be examined with 
caution. It is a multidimensional issue which can be incorporated, but cannot be 
described in its totality by just the concept of ‘humans’ interaction with plants. 
Moreover, plant blindness is an important challenge that the academic and educa-
tional community must face, especially because of its link to sustainable develop-
ment. This link confirms emphatically the need for connectedness to nature as a 
prerequisite to achieve sustainability (Jordan & Kristjánsson, 2017).

The main conclusion regarding the cross-sectional approach is that plant blind-
ness seems to intensify as students grow older and move from primary to secondary 
and higher education. Elaborating more upon this finding, one can interpret it by 
taking adolescence into consideration: This is a period during which people rarely 
show interest in issues such as the environment, as they focus more on themselves 
(Prochaska et al., 2003).

The alterations that have been recorded during the network analysis of each age 
group in this research bring to the limelight the need for a different didactic approach 
in each educational grade. Inside a holistic and inclusive context as educators, we 
may have to be flexible and adjust the educational interventions to the distinctive 
characteristics of each school level. Regarding primary school, the strong positive 
correlation that has been recorded between interest in plants and interest in animals 
possibly integrates the whole plant blindness issue into the biodiversity awareness 
context. By promoting an educational approach of fostering all living organisms on 
earth, human’s appreciation for flora can be a collateral benefit. Moreover, the strong 
positive correlation between interest in plants and knowledge about plants offered 
by school is an indication that this cognitive background should remain solid, if not 
be enhanced even more. This enhancement can be achieved through a wide perspec-
tive that, besides botany, will also highlight the importance of plants for human 
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welfare and the life phenomenon in general. Regarding junior high school, the main 
strong correlations remained mostly the same as in primary school. Therefore, 
learning about the entire life spectrum’s importance and enhancing plants’ meaning-
ful and sufficient presence in the curriculum, are once again recommended Moving 
to senior high school, the aspect of knowledge seems to withdraw a bit, and the only 
strong correlation recorded is between interest in plants and interest in animals As 
we now have to do with older students, the biodiversity education in this grade can 
be based more on transformative learning and critical thinking, since the goal is to 
provide students with a new positive perspective of all other living components of 
the ecosystem. Finally, regarding university students, knowledge seems to be the 
most important factor correlated to their interest in flora. Consequently, provision of 
a comprehensive and a specialised amount of plant knowledge probably creates a 
framework in which fostering plant awareness can be achieved more easily. Once 
again, it is important to have a broad perspective and use a cross-thematic approach 
beyond botany that will clarify plants’ relation to human culture, history, economy, 
and even great social endeavours, such as sustainable development.

All the educational implications mentioned above can also be integrated in envi-
ronmental education and education for sustainable development. These frameworks 
are highly appreciated for being able to alter students’ attitudes and enhance chil-
dren’s appreciation of the natural environment. Environmental education can pro-
mote a comprehensive approach to the living world and enable the improvement of 
human’s relationship with animals and plants. The way environmental education 
projects are organised and implemented provides multiple opportunities for experi-
ential learning, interdisciplinarity and observation of plant and animal species. In 
addition, the long duration and scope of these projects within a school year allows 
for a deeper understanding of the developmental timelines, biological functions and 
aesthetic properties of plants. Accordingly, it is highly recommended that educators 
take advantage of school gardens and botanical gardens, which are immersive edu-
cational contexts that can maximise quantitative and qualitative contact with plant 
organisms. They can be used consistently throughout the school year in order to 
enhance people’s interest in flora.

Concerning limitations, the educational implications for the university students’ 
group should be examined with caution and cannot be generalised. The choice made 
to include students from pedagogical departments was exactly for the purpose of 
being able to simulate the characteristics of the general population, at least to a 
certain extent. However, the relative conclusions should be limited only to pre-
service teachers and be assessed in relation to every educational department’s course 
of study. Additionally, as mentioned in the methodology section of this contribution, 
convenience sampling was used during participants’ selection to allow supervision 
of data collection. This can be considered as another limitation, for plant blindness 
is a phenomenon linked to the natural environment in which individuals live. Social 
groups of different geographical areas have distinctive habits and practices regard-
ing their contact with plants and the contribution of plant organisms in meeting their 
daily needs. Thus, a study covering more geographical areas of the country (e.g. 
islands) could allow for a more reliable generalisation of the results.
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As already mentioned, cultural diversity is important when one endeavours to 
provide a critical reflection of plant blindness; here lies a great and exciting chal-
lenge for researchers that focus on that subject. Examining the phenomenon in 
indigenous communities or countries that rely heavily on agriculture may lead to 
interesting conclusions. Research is also needed for the collection of data regarding 
plant blindness in age groups above 22 years old. For the most part, in the literature 
one can find data only about school and university students and, therefore, we do not 
have a clear picture of other age groups. In total, all the above future research direc-
tions can enrich the relevant literature and restrict the intensity of plant blindness 
even more over the forthcoming years. This is a goal that should be a priority for 
both developed and developing countries and may be integrated in the sustainability 
context.
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Chapter 11
Where Do Plants Get Their Mass From? 
Using Drawings to Assess Adolescent 
Students’ Modelling Skills and Their Ideas 
About Plant Growth

Eliza Rybska, Joanna Wojtkowiak, Zofia Chyleńska, Pantelitsa Karnaou, 
and Costas P. Constantinou

11.1 � Introduction

11.1.1 � Modelling

Evidence-informed modelling is a vital element of scientific reasoning, and the 
competencies nurtured through modelling-based learning are part of the founda-
tions of science education (Constantinou et al., 2019). Modelling broadens students’ 
views of the world and teaches them to engage in scientific thinking about observ-
able phenomena (Zimmerman, 2007). By developing and using models, students 
can learn to represent how scientific phenomena operate, test hypotheses and evalu-
ate predictions. The construction and use of models enable students to develop an 
understanding of the mechanisms underlying phenomena. A scientific model  
also demonstrates a predictive function, enabling the user to predict changes and 
map out future behaviour in various aspects of a phenomenon (Nicolaou & 
Constantinou, 2014).

Drawing, as a mode of expression of students’ ideas, enables the development  
of different representations of the same scientific concept, which in turn leads to 
creative reasoning (Ainsworth et  al., 2011). The application of drawing-driven  
modelling can be used to support students’ reasoning. Drawing-based modelling is 
particularly useful in school biology education (Brooks, 2009).
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Drawing can play an essential role in helping students develop a deeper under-
standing of biological concepts, such as photosynthesis. By creating visual repre-
sentations of complex ideas, students can more easily grasp key concepts and 
develop an understanding of their interconnections. Through the act of drawing, 
students can also identify gaps in their understanding and negotiate misconceptions. 
Additionally, drawing allows students to communicate their understanding to oth-
ers, and can serve as a valuable assessment tool for teachers. Overall, incorporating 
drawing into the learning process can enhance students’ comprehension of biologi-
cal concepts and promote a deeper appreciation for the mechanisms supporting phe-
nomena in the natural world.

11.1.2 � Photosynthesis

Photosynthesis is a process that is crucial for our planet, and very important in 
understanding the biology of plants and the processes that are taking place in sus-
taining ecosystems. Understanding photosynthesis involves developing a robust 
sense of how the process operates at both the micro- and macro- level of the organ-
isation of biological matter and the facility to express those understandings at a 
symbolic level. Photosynthesis has been identified as one of the most challenging 
topics in biology education and one in which students encounter diverse challenges 
in their efforts to develop a robust understanding.

11.1.3 � Students’ Conceptions of Photosynthesis

Science education research studies of school students’ understanding of the process 
of photosynthesis have been reviewed by Messig and Groß (2018) and by Russell 
et al. (2004), whose findings can be summarised as follows:

	(a)	 students find photosynthesis to be conceptually difficult, a fact that often leads 
to a lack of interest and the emergence of misconceptions.

	(b)	 students find it particularly difficult to visualise the process, or relate it to things 
they can observe, especially when the topic is presented purely as a molecular 
process or too many levels of representation are introduced at the same time.

	(c)	 there are limitations to the practical demonstration of photosynthesis because 
the equipment is either unreliable and antiquated, or prohibitively expensive.

This study departed from the idea of invoking drawing as a medium for modelling-
based learning to explore a potentially productive approach to support the develop-
ment of adolescent students’ understanding of the process of photosynthesis. We 
focussed on three age groups with the aim to explore the extent to which we could 
use students’ drawings to identify how their modelling skills evolve across this age 
range and how their understanding of the mechanism of photosynthesis progresses.
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11.2 � Objectives

The aim of this study was to explore the extent to which we could use student-
constructed drawings to identify how modelling skills evolve with age and how they 
relate to students’ understanding of the mechanism of photosynthesis. To achieve 
this aim, we chose to work with students in grades 5, 7, and 10, i.e. from upper 
elementary, middle, and high school.

Our research questions were formulated as follows:

•	 Do students take into consideration the three functions of a model in their efforts 
to use drawing to express their understanding of the process of photosynthesis?

•	 How do age, interest, prior experience and knowledge about plants influence 
students’ ability to model photosynthesis?

•	 What conceptions about photosynthesis do school students reveal in the process 
of modelling by drawing?

11.3 � Research Design and Methodology

A total of 75 students took part in the study: 17 students from grade 5, 20 students 
from grade 7, and 38 students (2 classes) from grade 10. The participating students 
from grades 5 and 7 had just completed the curriculum-prescribed topic of photo-
synthesis. However, grade 10 students completed the tasks before participating in 
the teaching unit on photosynthesis that is offered for their grade level. None of the 
students had received prior teaching about modelling.

The research was carried out in three different schools covering the whole of the 
school education spectrum in Poland. The survey was anonymous, the students 
worked individually and were only asked to record their age, gender and class name. 
The research tool consisted of two parts, one with five questions, including two 
closed and three open-ended questions, and a task requiring students to make a 
drawing of the process of photosynthesis. In the first question, the students used a 
five-point Likert scale (from strongly dislike to strongly like) to express how much 
they like biology. In the second question, the students were asked whether they were 
growing plants at home. The next three questions were open-ended, and students 
were asked to provide short answers to:

•	 What is the role of plants in maintaining life on Earth?
•	 What life processes do plants carry out?
•	 What do plants do at night?

The open-ended questions were used to gain insight into students’ personal knowl-
edge about plants. Students were asked to work independently when answering the 
questions on provided paper with printed questions. Students’ responses were coded 
using an iterative categorisation process of identifying suitable codes and checking 
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for consistency and coherence in applying them to the whole dataset (Papadouris & 
Constantinou, 2010). The same responses were also checked for accuracy with 
respect to established scientific knowledge and points were given for appropriate 
answers.

Between responding to the open-ended questions and before the drawing activ-
ity, students were exposed to an introductory framing activity. The researcher pre-
sented them with two photographs, one of an acorn of a Quercus robur, and another 
of a Quercus robur tree. The following questions were addressed in a whole-group 
discussion: In what ways has this tree changed over the timespan of a few years? 
Can you identify as many changes as possible? What do you see? What might you 
assume? Where does a tree get its mass from? What do you think plants need to 
live? What might happen to stop plants from performing the processes that sup-
port life?

This framing activity served to introduce a problem situation and the discussion 
facilitated the creation of a common shared formulation of the problem. After the 
framing activity, students were asked to work individually to develop a drawing as 
an answer to the question: Where do trees get their mass from?

There were three aspects of assessment in this task, thanks to which it was pos-
sible to determine whether a given product meets the criteria for a scientific 
model or not.

11.3.1 � Representative Function of Students’ Drawings

The first assessed aspect of the drawings were elements that correspond to their 
representative function. The features of this function are divided into two groups: 
objects presented in the model and process variables. Drawings were coded for both 
features. For each depicted object and variable/process, students received one point. 
If the drawing depicted an object/variable connected correctly with other objects/
variables, then it received two points. The detailed coding scheme used to analyse 
student drawings for this aspect is presented in Table 11.1.

11.3.2 � Explanatory Function of Students’ Drawings

The second evaluated aspect of the students’ drawings was their explanatory func-
tion, i.e. their facility to provide an interpretation of how photosynthesis takes place. 
Table 11.2 presents the coding scheme and the anticipated exemplary answer, i.e. 
our reference framework, alongside the allocation of points (Table 11.2).

For each interpretive aspect (Table 11.2, 2nd row) that could be identified in each 
drawing, the student’s construction received one point. Within explanatory func-
tions, the main focus was to track students’ ability to provide some kind of a mecha-
nism that can be adapted to drawing as modeling. Thus, here we did not focus on 
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Table 11.1  Categories used to evaluate drawings in terms of the representative function of a model

Objects depicted in the model Trait scoring
Plant 0 points: not included in the model

1 point: object included in the model with some incorrect 
connections with other objects
2 points: included in the model with correct interactions 
with other objects

Soil
Water
Sun
Chlorophyll
Glucose/sugar/starch
Oxygen
Carbon dioxide
Nutrients
Variables/processes Trait scoring
Energy transfer
Transport of water/nutrients/starch

0 points: variable not identified
1 point: variable identified with some incorrect effects
2 points: variable identified correctly with appropriate 
influences on other variables or objects

Growth – Size of the plant
Chemical reaction producing 
glucose
Role of sunlight in sustaining the 
chemical reaction
Gas exchange

biological correctness or language. We scored responses based on whether they 
indicated student awareness of a mechanism that can somehow explain the phenom-
enon. We ignored issues of terminology or language (for example using the term 
“duct” in place of “vascular tissue”) and we refrained from assessing understanding 
of concepts that were not directly relevant to an underlying mechanism that the 
student was seeking to describe.

11.3.3 � Predictive Function of Students’ Drawings

Finally, students’ drawings were also coded for their facility to serve a predictive 
function, the third defining feature of a scientific model. Table 11.3 presents exam-
ples of predictions that we would anticipate as possible aspects of students’ draw-
ings. In coding for this third aspect, we looked out for any information about a 
future event or any form of anticipated change and the conditions under which it 
might emerge. Very few drawings included information that alluded to predictions 
or the facility to use the drawing/model to make predictions. For this reason, in our 
coding, we simply recorded the predictive features, where present. For predictive 
functions, the main focus was to track students’ ability to provide some kind of a 
prediction, hypothesis or educated guess that can be adapted to drawing as a model-
ing medium. Thus, here we did not focus on biological correctness or language. We 
scored responses based on whether they indicated some (potential) use of the model 
to formulate one or more predictions related to future changes in the phenomenon. 
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Table 11.2  Exemplary version of student response and grading points

Exemplary student response with some misconceptions
Water is transported from soil to the ducts of the root and from the ducts of the root shoots to the 
leaves, where a chemical reaction takes place with CO2 absorbed from the atmosphere. This 
reaction, facilitated by the sunlight that binds to the chlorophyll in the leaves, produces glucose, 
needed for plant growth, and oxygen, which is released into the environment. Glucose is 
converted to starch to be stored. At night, when photosynthesis stops, glucose is transferred to 
other parts of the plant through the ducts of the shoot. If the amount of water is too high, then 
the leaves will produce excessive amounts of starch and the plant will overheat. Conversely, 
inadequate amounts of water lead to the production of insufficient glucose and the plant 
becomes undernourished. The increase in the mass of the plant is due to the carbon left over 
from the chemical reactions. Mineral nutrients from the soil are dissolved in the water absorbed 
by roots and transported through ducts to those parts of the plant (trunks, branches, leaves and 
roots) where the nutrient plays a role in cellular processes and plant growth
Elements of the mechanistic story – explanatory functions (with points allocation):
 �� 1. Water absorption: water is transported from soil to the ducts of the root (1)
 �� 2. Water transport: water is transported from the ducts of the root shoots to the leaves (1)
 �� 3. A chemical reaction takes place in the leaves; water and carbon dioxide are involved (2)
 �� 4. CO2 is absorbed from the atmosphere (1)
 �� 5. This reaction is facilitated by sunlight (1)
 �� 6. Sunlight binds to chlorophyll in the leaves (1)
 �� 7. The reaction in the leaf produces glucose, needed for plant growth, and also releases 

oxygen into the atmosphere (2)
 �� 8. Glucose is converted to starch for storage (2)
 �� 9. Glucose transfer to other parts of the plant (1)
 �� 10. Glucose transfer takes place at night, when photosynthesis stops, through the ducts of the 

shoot (2)
 �� 11. The increase in the mass of the plant is due to carbon left over from the chemical 

reactions (2)
 �� 12. Nutrients that are in the soil are absorbed by roots and transported through ducts to all 

parts of the plant (2)
 �� 13. Glucose/starch provide the energy needed by the plant. Nutrients play a role in the 

biological processes inside the plant cells (2)

Table 11.3  Examples of possible predictions that we recorded students alluding to in their 
drawings

Prediction Points allocation

If excessive water is available, leaves will produce too much starch and the 
plant will overheat

2

If inadequate amounts of water are available, the plant will not produce 
enough glucose and will become undernourished, i.e. it will not have enough 
energy to grow or support the cellular functions

2

Plants that are facing the sun for more hours are more likely to grow faster 1

Even if a response included biologically incorrect or inaccurate claims  – for  
example “If excessive water is available, leaves will produce too much starch  
and the plant will overheat”, we focused on assigning points for the display of  
predictive power of the modeling ability, not for biological knowledge. For this 
particular example, the response did not receive points for representative power 
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(since it is biologically incorrect), but we did deem that the response was indicative 
of the student’s understanding that modeling practice includes the formulation  
of predictions.

11.4 � Results

11.4.1 � Analysis of the Students’ Conceptions Based 
on the Questionnaire Data

In the open-ended part of the questionnaire, the first question was dedicated to the 
explanation of the role of plants in maintaining life on Earth. Most students (61%) 
received 1 point in this task. Sample answers were Plants give food; Plants produce 
oxygen; They clean the air; They decorate rooms; They absorb carbon dioxide. Two 
points were obtained by 23% of the respondents. One student who received the most 
points, i.e. 5, wrote down the following answers: They produce oxygen; They take in 
carbon dioxide; They purify the air; They give fruits and vegetables; Some plants 
have a healing effect. Three students, i.e. 4% of the respondents, did not receive any 
points in this task.

In the next question, the students were asked to list plant processes that support 
life. Furthermore, in this task, students received one point for each written answer. 
There were two students (3%) who did not provide any answer to this question. 25% 
of participating students received 4 points. One student got the maximum number of 
points (8) for vital functions, such as respiration, nutrition, reproduction, growth, 
excretion, development, movement and receiving stimuli. Students most often men-
tioned that plants grow (54 responses, 72% of participants). The least frequent 
answer was that plants react to stimuli: only 17 students (23%) included the response 
to stimuli in their answers.

The last task in the first part of the study was for students to describe what they 
thought plants do at night. 49% (36) of the respondents scored 1 point and 23 stu-
dents (31%) scored 2 points. Two pupils (3% of participants) received 4 points in 
this task. The most frequent correct answer was that plants grow at night; such an 
answer was found in 20% (15) of the responses. From the students’ responses, the 
largest group of answers indicates a misconception that plants produce oxygen at 
night (over 20% of respondents). Only 7% of respondents pointed to breathing and 
15 (20%) to growth. 13% (9) of respondents indicated that plants sleep at night.

The coding of students’ responses also showed that younger students tended to 
focus more on phenomenological features of plants and less on life processes. 
Younger students were more likely to only mention water as a pre-requisite to plant 
growth. Some also mentioned soil and in fewer cases alluded to its ‘richness’. More 
sophisticated responses became more prevalent in the higher age groups and were 
more likely to identify water, carbon dioxide and light as necessary factors for plant 
growth. In grade 7, the process of photosynthesis was identified far more commonly 
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than the process of respiration. Only a minority of the older, grade 10, students 
could associate plant growth with the dual processes of photosynthesis and respira-
tion and identify the reactants, environmental conditions, and the products for both 
processes.

11.4.2 � Analysis of the Students’ Models

Through their drawings, most students demonstrated a good facility to visualize the 
process of photosynthesis, at least in its most basic elements. Every drawing was 
based on the student’s own knowledge and experience. The students’ drawings 
included rich information representing aspects of the process of photosynthesis, 
including participating objects, relevant variables and processes. Many drawings 
included some interpretive information about the workings of the process of photo-
synthesis and in a small number of cases we could identify connections with the 
process of cellular respiration and with plant growth. Predicting changes to the pro-
cess of photosynthesis following specific stimuli, e.g. changes in the environmental 
conditions (Constantinou et al., 2019), or even changes to plant growth were much 
rarer. This is a limitation of this study, which we attribute to the preparatory framing 
activity that preceded the drawing/modelling activity: no reference was made in that 
activity to the process of making predictions, and their significance in science was 
not referred to either. In a follow-up study we intend to remedy this, in which case 
we expect that we would have more evidence to work with in terms of students’ 
ability to use models to formulate predictions. Below we present findings for each 
of the three aspects of a scientific model, as revealed through our analysis and cod-
ing of students’ drawings.

The students’ drawings revealed the richest information and obtained the highest 
number of points in the category related to the representative function of models. 
This indicates that participating students found it easy to represent features of  
photosynthesis and plant growth. A variety of elements were represented in the 
students’ drawings, such as plants, water, sun, soil, oxygen, carbon dioxide, and 
nutrients (Fig.  11.1). In addition, the rich phenomenological information repre-
sented in students’ drawings may reveal that the act of drawing is more conducive 
to representing aspects of the phenomenon than to expressing explanatory features 
(Tsivitanidou et al., 2018). An example of a student produced drawing is presented 
in Fig. 11.1.

She is very fond of biology and grows plants at home. Evaluation of the model: 
representative function  – 12 points (objects: plant, soil, water, sun; variables/ 
processes: plant growth); explanatory function – 1 point (arrows suggesting plant 
growth); prediction – 0 points.

80% of students’ drawings contained explanations about changes in weight 
expressed in kilograms or arrows, suggesting plant growth is a consequence of the 
process of photosynthesis. A rare explanation captured in student models was infor-
mation about reactants and products of the photosynthesis process and their role in 
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Fig. 11.1  Drawing produced by a student from Grade 7

Table 11.4  List of interpretations given by students, which were used to score the explanatory 
function of drawings

No. Explanation

1 Plant size changes as a consequence of photosynthesis (e.g. arrows, weight in kg)
2 Indication of the reactants of photosynthesis (carbon dioxide, water), with information that 

these are needed for glucose production during photosynthesis
3 Providing the names of the products of the process of photosynthesis (food, glucose, 

oxygen)
4 Additional explanations:

* Uptake of water from the soil through the roots
* Uptake of nutrients (ions) from the soil through the roots (Morgan & Connolly, 2013)
* Energy from the sun’s rays (Papadouris & Constantinou, 2011)
* The effect of temperature on the process of photosynthesis

5 Respiration as the process of breaking down glucose/food to release energy that is a 
necessary pre-requisite for plant growth. Where and when this process takes place. Release 
of carbon dioxide

supporting plant life. This explanation was found in 10 drawings (approx. 13% of 
the participating students). This is consistent with the prevalence of these processes 
in the students’ responses to the open-ended questions, an example of triangulation 
that strengthens the credibility of this finding.

Table 11.4 presents typical categories of actual students’ explanations that were 
scored based on the coding scheme of Table 11.2. The categories are presented in 
order of increasing complexity.

We identified only two elements that could indicate predictive functions in the 
student constructed models. These were: (1) Drawings that included the rings of 
annual increments (growing ring or tree-ring dating) and explaining that a new 
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wood ring arises every year, from which we can know the age of the tree. These 
students explicitly identified that the older a tree is, the more wood rings it will have. 
(2) Drawings that included some indication of time (e.g. a clock), and the explana-
tion that the tree increases its mass over time; so, the more time passes, the bigger/
heavier the tree will be.

In summary, students’ drawings were relatively lacking in the interpretive and 
especially the predictive functions. The most common interpretation that was iden-
tifiable in the drawings (approx. 80%) was the explanation of the change in mass, 
commonly illustrated with arrows indicating plant growth or expressing mass in 
kilograms. Only four drawings contained elements that could be identified with the 
function of prediction. These were comments about the fact that new tree rings grow 
every year and after cutting down the tree, you can count how old it is. In Fig. 11.2, 
this idea is illustrated with a drawing of a representation of a cross-section of a tree 
trunk, illustrating that, over time, the tree grows in weight and the more time passes, 
the bigger the tree will be (Fig. 11.2). A similar idea was presented in Fig. 11.3, 
where the student notes that after years, the mass of the tree increases (Fig. 11.3).

She is very fond of biology and she grows plants at home. Evaluation of the 
model: representative function  – 16 points (objects: plant, water, sun, glucose,  
oxygen, carbon dioxide, nutrients; variables: transport of materials, plant growth, 
exchange of gases); explanatory function – 4 points (arrows, reactants, products, 
additional descriptions); prediction  – 1 point (information about the annual  
increment of a new wood growth ring and the possibility of counting how old  
the tree is).

She is moderately fond of biology and grows plants at home. Evaluation of the 
drawing: total representative function –10 points (objects: plant, soil, water, sun; 
variables: plant growth); interpretive function – 1 point (after years, the mass of the 
tree increases through the help of light); prediction – 0 points.

11.4.3 � The Effect of Age and Personal Knowledge 
on Students’ Drawings

In the statistical analysis of the data, a linear regression model (GLM) was devel-
oped. The dependent variable used was the sum of the points attributed to each 
student drawing for all three features of its function as a model. The regression 
model indicates a moderate relationship between the dependent variable and the 
predictors, i.e. age of students and the class they attend. Other variables turned out 
to be statistically insignificant: whether students grow any plants at home: p = 0.2; 
whether students like biology: p  =  0.3. In addition, the students’ gender had no 
impact on the results obtained in the survey (p = 0.4). The coefficient of specificity 
(r2) calculated for this study was 0.246. This shows that the regression model 
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Fig. 11.2  Drawing model made by a student from Grade 10

stipulates that 24% of the variance of the dependent variable is explained by the 
independent variable at a significance level of p < 0.01. This is consistent with the 
sample size and the exploratory nature of this study.

Overall, our findings show that the richer the resources of personal knowledge 
revealed through the students’ written responses, the more detailed and the more 
accurate their drawings were (r = 0.86, p < 0.0001). Based on these findings, we 
infer that the written text and visual representations complement each other  
concerning the knowledge and the thinking they reveal about the process of 
photosynthesis.

11  Where Do Plants Get Their Mass From? Using Drawings to Assess Adolescent…



158

Fig. 11.3  Drawing by a girl in Grade 5

11.5 � Discussion

Students’ conceptions of the process of photosynthesis and their ability to construct 
models expressing the representative and interpretive aspects of their understanding 
of the phenomenon develop with age from upper primary through secondary educa-
tion. The study confirms that the complexity of photosynthesis presents challenges 
for students in balancing the understanding of multiple processes and their role in a 
plant producing its source of energy. In addition, our findings reveal a strong depen-
dence of the ability to model photosynthesis using constructed drawings on a stu-
dent’s knowledge about photosynthesis.
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The presented research findings demonstrate that the richer the knowledge 
resources that were revealed in written verbal expression, the more accurate the 
students’ drawings were, with more relevant details in representing the phenome-
non of plant growth and interpreting the underlying mechanisms of photosynthesis 
and (more rarely) cellular respiration. It can therefore be argued that the verbal and 
visual communication complement each other. In other words, when students strive 
to develop and express their understandings, coherent information about their 
thought processes can be obtained by combining information from both text and 
graphics that are generated by the students (Lemke, 1998). In furthering our per-
sonal knowledge, we elaborate meanings, we manipulate connections between 
ideas and phenomena, and we express our understandings of these connections by 
resorting to the use of scientific concepts as epistemological tools. To acquire com-
plete understanding of scientific concepts, we need to gradually develop the facility 
to move freely and consciously between the verbal channel and the visual, as well 
as between quantitative reasoning and symbolic mathematical logic, and between 
operational, localized sense-making and action (Aikens et al., 2021).

We note with interest that the resources revealed by the students verbally in this 
research study were also reflected in their graphical productions in ways that mostly 
cohere across age and maturation/educational level.

Moreover, the drawings which were more robust and accurate had more exces-
sive written text in them. Those more complex drawings were rare, and students’ 
explanations were basic and included alternative conceptions. Our findings demon-
strate a correlation between students’ age and robustness of drawings. This finding 
has also been observed in the past (Rybska, 2017).

Messig and Groß (2018) propose a novel way of teaching photosynthesis – one 
that starts the whole process from our anthropocentric point of view, in which we, 
as heterotrophic organisms, decompose the matter produced by plants so that the 
plants, from simple inorganic compounds contained in the soil and from the sun, 
can convert the sun’s energy into the energy of the chemical bonds contained in the 
organic matter they produce. We acknowledge this proposal noting at the same time 
that, as illustrated in our work also, alternative conceptions tend to be persistent and 
do not disappear automatically with age or educational maturation. For example, 
students all the way to upper secondary education sometimes find the role of nutri-
ents absorbed from the soil as difficult to grasp and tend to confound it with the 
process of ‘feeding the plant or providing for its energy needs’. Morgan and 
Connolly (2013) address this issue and the need to differentiate between the out-
comes of photosynthesis and its role in satisfying the need of the plant to have an 
energy fuel on the one hand, and the role of mineral nutrients absorbed through the 
soil in sustaining the biological processes that take place in plant cells, including in 
the release of energy by metabolising glucose.

Our study largely confirms that the act of drawing can serve as a resourceful part 
of scientific modelling activities. Scientific modelling includes three functions. In 
the presented research, students were able to fulfil the representational function to a 
greater extent. Objects and variables relating to the process of photosynthesis 
appeared in every one of the student-constructed drawings. Working with the 
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inclusion of the other two functions of a scientific model turned out to be a more 
challenging task. As Upmeier Zu Belzen et al. (2019, p. 157) writes, tips and guid-
ance from the teacher are essential to getting students through the modelling pro-
cess, considering its three functions. Only with such support and experience can 
students develop an understanding of scientific models and modelling (e.g. Akerson 
et al., 2011; Gilbert & Justi, 2016; Schwarz et al., 2009; Windschitl & Thompson, 
2006). In the presented research, students were not exposed to any special activities 
dedicated to developing the practice of scientific modelling, which probably influ-
enced the appearance of a small number of drawings with a predictive level of mod-
elling. Providing a scaffold in the form of a designed question turned out to be 
insufficient in most cases. As Karnaou et al. (2018) write, the process of construct-
ing and interpreting models includes effective teaching practices that broaden stu-
dents’ understanding of science concepts and scientific modelling skills. Students’ 
interest in working with models in the sciences assumes that models act as a link 
between theory and the discussed phenomena. In this work, we surmise that such a 
link was not obvious to many students. The findings demonstrate that to make this 
connection and to fully access the rich potential afforded by drawing activities as a 
context for modelling-based learning, a structured preparation would be necessary 
that would go substantially beyond our framing activity in explicitly developing 
ideas related to modelling and its emergence from applying theory to phenomena, 
and its utility in representing, interpreting and predicting aspects of the phenomena 
under study (Constantinou et al., 2019).

Fulfilling all three requirements (representation, explanation, and prediction) has 
also been shown in prior research to be a challenging task to achieve for most stu-
dents (Karnaou et al., 2018; Cheng & Brown, 2015; Krell et al., 2014). Additionally, 
Krell and co-workers (2014) noticed that despite the global level of understanding 
of models, or aspect-dependent levels, important elements are students’ understand-
ing of aspects, such as the nature of models, multiplicity of models, the purpose of 
models, model evaluation processes, and changing models. In their research, they 
noticed that students seem to have a complex and at least partly inconsistent form of 
understanding of models. Students with high nonverbal intelligence and higher 
grades (indicating stronger personal knowledge) seem to have a more reliable and 
more expanded understanding of models and modelling than students with a less 
robust understanding of the phenomena under study. This study confirms these find-
ings and also illustrates the need for further research before we can claim to fully 
understand how we can enculturate students into the scientific practice of modelling 
and have the assessment approaches to know when we do so effectively.

11.6 � Conclusions

Our findings demonstrate that participating students have a certain amount of  
personal knowledge about plant life and the process of photosynthesis, and that 
modelling through drawing enables students to reveal this knowledge. During the 
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modelling process, students focussed mainly on the representation of phenomeno-
logical aspects, including relevant objects and variables. Explanatory details were 
also present, but more rarely. Where they did exist, they provided richer information 
about student thinking and understanding. Predictive functions received markedly 
less attention in the students’ drawings, possibly because participants were not 
prompted to think about dynamic changes in the preparatory framing activity. The 
findings confirm that the participating students from all levels of the school educa-
tional system are not familiar with modelling principles and that there is a strong 
need for enriching the curriculum and instructional tools and approaches with struc-
tured modelling-based learning activities if we are to claim that scientific practices 
are nurtured in ways that promote learning, autonomous thinking and creativity.
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Chapter 12
Diagnosing of Valuing 
and Decision-Making Competencies 
in Biology Lessons

Malte Ternieten and Doris Elster

12.1 � Introduction (Problem Definition 
and Research Questions)

Valuing and decision-making competencies in the context of Education for 
Sustainable Development (ESD) play an essential role in the national educational 
standards (NBS) of biology. The students should be prepared to recognize biologi-
cal facts, evaluate them, and justify their own or third-party judgement. On this 
basis, they should develop their point of view, considering individual and socially 
negotiable values. This implies multi-perspective thinking concerning the ESD 
dimensions: ecology, economy, and social issues (KMK, 2005). However, the diag-
nosis of these competencies is perceived by teachers as a challenge. Based on 
empirical data, German teachers perceive the openness of evaluation processes and 
the associated performance assessment as a difficulty (Alfs, 2012). Therefore, the 
goal of this study is to develop, test and evaluate a diagnosis grid for valuing and 
decision-making competencies. In addition, a teaching unit to promote these com-
petencies in heterogeneous classrooms should be promoted.
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12.2 � Theoretical Framework

12.2.1 � Design-Based Research (DBR)

Didactic development research or design research starts from a concrete problem in 
educational practice. A solution is developed and validated by a theory developed in 
the context of this problem. A solution usually involves the further development of 
a method, selection of materials or medium that addresses the problem. To verify 
this solution, evaluation methods must then be selected and adapted to measure  
the effectiveness of the solution. DBR does not offer a systematic repertoire of 
methods, but falls back on the evaluation methods that are common in subject  
didactics. They can be qualitative or quantitative, depending on the needs of the 
research design. DBR works in iterative cycles, which is why data are collected and 

In addition, cycle-specific questions are defined as:
(RQ. Cycle.1): Which aspects of the design prototype show the most sig-

nificant potential for development (practical/theoretical)? (RQ.  Cycle.2): 
Which criteria must be modified to improve the selected methods for promo-
tion and diagnosis of the decision-making competence (cf. material-based 
writing/competence grid)? (RQ. Cycle.3): How suitable is the modified teach-
ing method (cf. material-based writing) to promote decision-making compe-
tencies? How suitable is the developed diagnostic grid (PARS model; short 
for: “In Partnership with Competences Diagnosing”) for diagnosing decision-
making competence?

Explanation: The research question for the first cycle was intentionally 
formulated in an open-ended way, since at that time (2016–2017) it was not 
yet clear whether the promotion (and diagnosis) of decision-making compe-
tence would be the focus of the research project. From cycle.2 onwards, the 
methods for promotion were defined, but it was also clear that these would 
have to be modified to meet the needs of the target group. In cycle.3, the focus 
was on the important testing of the modified methods in practice.

Explanation: The focus of the paper will be to describe how the diagnostic 
grid was developed, tested, and evaluated. In this sense, “designing a lesson” 
means mainly the aspect addressed by the diagnostic grid.

The overarching research question (RQ) of this Design-Based-Research 
(DBR) project is:

(RQ.DBR): How must a lesson be designed to comply with the conditions 
of the cooperating school and address the school-specific requirements?
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❶ Problem
analysis & exploration

❷ Development
design & construction

❸ Implementation
evaluation & reflection

“Re-Design”

further development…
…of theories based on 

findings.

further development…
…of the research &

teaching designs.

further development…
…or replace evaluation 

methods if necessary.

Fig. 12.1  Exemplary DBR cycle based on the Model of McKenney and Reeves (2012).  
The numbers ➊ → ➌ refer to the chronological order in which a design should be developed, 
implemented, evaluated, and later revised

evaluated several times and the design is further developed based on the knowledge 
gained, so that an optimized prototype is available at the end of the development 
(see Fig. 12.1) (McKenney & Reeves, 2012).

12.2.2 � Material-Based Writing

The ability of students to write their own judgements based on existing content 
knowledge is a competence that is required in many contexts today (Schüler, 2017). 
Different sources are used for writing these texts. These can be continuous texts, 
statistics, explanatory graphs, graphs, or images (Abraham et al., 2015). The method 
of material-supported writing transfers the usual combination of reception and pro-
duction phases into a new task type (target text) and is thus a demanding form of 
reading and writing promotion that serves the purpose of (subject matter) learning 
(see Fig. 12.2) (Phillip, 2017).

Regarding the relevance of material-based writing for education, Abraham et al. 
(2015) state that the skills required of students to meet the objectives of this method 
are central to school, extracurricular and future professional activities. However, 
this alone does not yet legitimize the use of the method in biology lessons from a 
didactic perspective. Previous studies on the handling of situational writing tasks in 
biology lessons lead to the conclusion that the writing of subject-specific texts is 
largely outsourced from the classroom in the form of homework (Thürmann et al., 
2015). It could be observed that in biology lessons themselves, only about 6% of the 
class time is spent on written work phases. In addition, the writing tasks ultimately 
used are mainly reproductive forms of writing. This also applies to subject-specific 
text types, such as experimental protocols (Thürmann et al., 2015). From this, it can 
be concluded that although writing activities are a prerequisite for teaching science 
lessons, they are hardly ever integrated into subject-specific work (Gebhard et al., 
2017). Many of the special topics of biology lessons defined in the curriculum touch 
on bioethical issues of society, which are of relevance to the students. Material-
based writing offers a methodical approach that enables the students to deal with 
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Fig. 12.2  Comparative representation of the total number of tasks solved and tip cards used over 
the course of cycles 1–3. Since the total number of possible tasks to be solved decreased from cycle 
1 → 2, the figures were converted into percentages for the purpose of normalization. This does not 
apply to the “tip card selection”, where the real numbers were taken over unchanged. “Linear” 
represents the linear trend developments based on the numbers

these topics in depth and independently. This has the potential that students learn to 
position themselves on controversial socio-scientific issues in a controlled way.  
In this way, they are gradually introduced to a scientific language and discourse 
culture (Schüler, 2017).

12.3 � Methodology for Data Sources, Collection, and Analysis

The participants of this study are ninth graders of two biology classes and two 
German language classes. In the biology classes, the course lasted 360 min (for the 
design see Table. 12.1 – topic 1–3) and in the German language classes 180 min 
(only topic.3). The procedure in topic.3 always includes the reception phase  
(collecting arguments), the production phase (writing a statement) and a written 
survey. In addition, in the biology classes, the subjects were sensitized to the topic 
beforehand. A total of 181 students took part in the study (Ø age: 14,5). The students’ 
performance was defined by their last report card grade in biology.

The basis for this paper was the analysis of students’ written judgements, as well 
as teacher interviews (Table 12.2). The transcription and subsequent analysis of the 
collected writing products were carried out by F4 analysis (Version 2.5) based on 
the method of content-structuring qualitative content analysis according to Mayring 
(2015). Cohen’s Kappa was calculated using the online tool: ReCal2. The Ø coef-
ficient is 0.79. The competence levels of the written judgements of the students were 
analysed using the diagnostic grid (see Table 12.3).

All judgements were evaluated using the PARS model (see Table 12.3 again). 
When working with the model, it quickly became apparent that only four out of five 
categories (cf. Perspective, Scope, Knowledge, and Solutions) were suitable for 
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Table 12.1  Overview of the lesson design (post-cycle.3)

Ecosystem relationships 90 min
Topic.1 The introduction is problem-oriented with the question of why bog bodies are so well 

preserved. Starting with the further question of who is responsible for the 
decomposition of dead organisms, the energy flow, as well as the relationship between 
consumers, producers and decomposers are worked out by the students. This 
knowledge will then be used to create a food network
The ecosystem swamp 90 min

Topic.2 Topic.1 is taken up again by asking the problem-oriented question of why the 
decomposers do not “work” in the swamp. This question is then clarified through 
learning at learning stations. The students learn about biotic and abiotic factors, pH 
value, and the importance of peat and peat moss. The students present the results of 
the individual learning stations
Man’s relationship with the swamp 90 min

Topic.3 At the end of the unit, topic.2 is taken up again. The students should now develop an 
idea of the influence humans have on the swamp. Here the method of material-based 
writing is used. Based on the question “Should the swamp be protected?”, the 
students work out arguments for or against the preservation of the bog from various 
information materials and then write a well-founded judgement about their personal 
decision

Table 12.2  Overview of the data used in this paper

Learning products Interviews Other data

Cycle.1 Teacher – interview (1) Process log (1)
Cycle.2 Judgements (28) Teacher – interview (2) Process log (2)
Cycle.3 Judgements (88) Teacher – interview (4) Process log (2)

Notice: The process log is a basic quantitative method in the form of a table documenting how 
many tasks were completed per student, and how often the tip cards were used

evaluation, as the category Values was not explicitly part of the task, and was there-
fore not designated in the judgement. In this way, the use of this category was only 
possible if the evaluator had knowledge of the authors’ value system. The teachers 
were involved in the evaluation through the interviews (in cycle.3). They were asked 
to evaluate two previously selected judgements with the PARS model before the 
interviews. Care was taken to ensure that the two judgements differed in quality to 
create a contrast. This was to ensure that the differences in quality were also inde-
pendently confirmed. The actual interviews then dealt with the evaluation as well as 
the work with the model and possible suggestions for improvement.

12.3.1 � Diagnostic Grid (PARS-Model)

Based on the results of the cycle.2, it has become clear that there is a lack of judge-
ment competence grids that are practicable in the everyday work of a teacher and 
context-specific concerning the learning products.
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Table 12.3  PARS-model  – diagnostic grid  – characterization of the quality of argumentation 
structures in the context of ESD science discussions in biology lessons (post-cycle.3)

Level.0
Unstructured 
response

Level.1
Simple 
answer
(Use of 
multiple 
terms)

Level.2
Multi-layered 
answer
(Linking terms 
to a concept)

Level.3
Coherent 
response
(Link multiple 
concepts)

Level.4
Abstract 
response
(Meta-
reflection of 
concepts)

Perspective
Are the 
situation or 
the views of 
the involved 
parties 
considered 
from all 
different ESD 
perspectives?

...perceives no 
difference in 
perspective.

...describes 
the situation 
from one 
perspective.

...links two 
perspectives.

...links all 
three 
perspectives 
together.

...reflects 
controversies 
in the problem 
and puts the 
various 
assertions into 
perspective 
from the 
perspective of 
the actors.

Scope
Are changes/
consequences 
in spatial or 
temporal 
dimensions 
recalled?

...mentions no 
consequences.

...describes 
only one 
consequence 
in time and/
or space.

...weighs 
different 
consequences in 
time and/or 
space.

...links 
different 
consequences 
and 
dimensions 
and questions 
the 
sustainability 
of decisions.

...reflects 
spatial and 
temporal 
interactions of 
varying 
degrees.

Knowledge
How is the 
handling of 
reference 
knowledge 
structured?

... does not 
refer to the 
assignment.

...uses 
superficial 
knowledge 
from the 
materials.

...links almost 
completely the 
acquired 
knowledge with 
own previous 
experiences.

...discusses 
differences 
between 
personal and 
acquired 
knowledge.

...reflects on 
and weighs 
the 
importance of 
the different 
forms of 
knowledge.

Value
Is there an 
awareness of 
the underlying 
individual and 
collective 
values?

...does not 
consider 
values.

...is aware of 
the presence 
of values.

...distinguishes 
between 
different values
(own and 
foreign values).

...describes 
possible 
conflicts 
between 
different 
values.

...reflects the 
meaning of 
the values 
employed 
from a 
personal and 
collective 
perspective.

Solutions
Does the 
solution 
consider the 
relationship 
between 
special and 
collective 
interests?

...gives no 
solution.

...describes 
a pre-
existing 
solution for 
one party.

...describes an 
already existing 
solution for two 
different parties.

...develops a 
new solution 
for two 
different 
parties.

...reflects and 
weighs up 
different 
solutions 
between the 
actors.

First published in Ternieten and Elster (2020)
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In 2014, Christenson and Chang Rundgren (2015) presented a framework for 
evaluating argumentation structures in the context of socio-scientific issues, which 
aims to capture both the content of a learning product and the argumentation struc-
ture. The aim is to provide teachers with a tool to identify quality-producing and 
defining features of arguments in the context of problem-oriented judgement. 
Against this background, a grid was developed that additionally includes further 
sub-elements from other models to take the ESD perspective relevant to biology 
lessons more strongly into account. The basis of this grid is the SEE-SEP model, 
which relates the thematic complexes: sociology/culture (sociology/culture; S), 
environment (environment; E), economy (economy; E), science (science, S) ethics/
morality (ethics/morality; E) and politics (politics; P) to the personal aspects of 
knowledge, values, and personal experiences. In addition, the SOLO classification 
was used to differentiate the levels (Biggs & Collis, 1982). The claim of complexity 
reduction is expressed above all in the approach postulated by Christenson and 
Chang Rundgren (2015) of a concrete judgement or evaluation and the associated 
justification, whereby both pro and contra arguments are considered. The arguments 
can consist of value-based, as well as technical, arguments. Value-based arguments 
indicate how something should or may be, i.e., they are normative. The technical 
arguments are mainly descriptive. They are therefore descriptive in character. In the 
PARS model, the value-based arguments are considered, but unlike the SEE-SEP 
model, they are not equally weighted and are only represented in one category (see 
Table 12.3 – Values). The technical arguments are taken into account to a greater 
extent than if an entire category is dedicated to the ESD aspect mentioned above (cf. 
perspective ESD) and, according to the Göttingen model of evaluation competence, 
spatial dimensions [local/global], as well as the time dimension (short- /long-term 
consequences), are considered in a separate category (cf.) In addition, the category 
of solution finding was taken over from the Göttingen model. The latter two catego-
ries had to be modified because the original grid did not take as its basis the specific 
characteristics of the construct of judgement competence described in the German 
educational standards for biology (KMK, 2005). However, since the approach to 
socio-scientific issues is comparable, if not identical, to judgement competence, 
only slight modifications were necessary (Hostenbach et al., 2011). For application 
in everyday school practice, an additional operationalization according to the cur-
riculum of the federal state of Bremen was carried out for the secondary schools, 
considering the increasing level of difficulty (cf. Level.0 → Level.4) of operators 
with a higher level of difficulty (see Table 12.3 again).

12.4 � Results and Discussion

The following three sub-chapters are structured based on the questions mentioned 
at the beginning, with the three cycle-specific questions being answered first and the 
core question in the conclusion.

12  Diagnosing of Valuing and Decision-Making Competencies in Biology Lessons
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12.4.1 � Results: Cycle.1

The results show that the first prototype of the lesson design only partially 
worked in the given framework conditions of the cooperation school and that there 
is a lot of potential for improvement.

A more general criticism that applied to the entire prototype was that the infor-
mation texts used were simply too extensive and complex to be processed in the 
time provided. The biggest problem, however, was the third part of the lesson,  
since the promotion of decision-making competence was simply not successful.  
The central problem was that the transfer of information (arguments) from the used 
educational film to the list of arguments did not take place, which is why the subse-
quent steps of classification into pro/con protection and the discussion in plenary 
did not work. Regarding the research design, there was also the problem that  
theoretically only the argument lists were available as a data source and that, for 
example, a video of the discussion did not take place. There was also a lack of a 
suitable tool to analyze the quality of this discussion in relation to ESD.

On the practical side, accessibility must be increased through simpler texts and 
more explanatory illustrations, and the difficulty of the lesson must be significantly 
reduced. On the theoretical side, the promotion of decision-making competence in 
the context of the chosen topic shows the greatest potential for promotion. This is 
also confirmed by the teachers interviewed in the first cycle.

(RQ.): Which aspects of the design prototype show the most significant poten-
tial for development (practical/theoretical)?

“(…) And that discouraged and that’s why it didn’t work and because the 
methods built on each other the next one didn’t work either and that’s why the 
discussion was heavily moderated. (…) The students told me in feedback to 
the (.) about these methods, the reason why they didn’t adopt them is that it 
would have required text work, so the implementation.”

Source: Interview.1_Teacher.1_Cycle.1_Paragraph.341 (Translation: 
German → English)

“(…) So, in relation to the ecosystem, I think decision-making competence 
is very, very important, but evaluation is not possible without content. 
Basically, you must have worked out something properly to present the prob-
lem, (...) you can only love something that you also know. (…)”

Source: Interview.1_Teacher.1_Cycle.1_Paragraph.114 (Translation: 
German → English)

M. Ternieten and D. Elster
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12.4.2 � Results: Cycle.2

Compared to the first cycle, the revised lesson worked better, which is reflected, 
among other things, by the fact that the number of tip cards used has decreased 
(see Fig. 12.2). In particular, the reduction of the amount of text and the accom-
panying reduction of technical terms, as well as the replacement of text content 
with explanatory illustrations, seems to have improved the processing behavior. 
Here, however, much more needs to be reduced or simplified for low-performing 
students with German as a second language. The tip cards worked better after the 
revision in the sense that there were fewer comprehension problems. However, 
they were used less often, which is an indication that the need for this form of 
assistance was not quite as high.

The promotion of decision-making skills through the method of material-based 
writing in the third part of the lesson was successful. The students worked out argu-
ments from information material and arranged them in a list (of arguments). In a 
reasoned judgement on the question of whether the swamp should be protected, the 
use of these arguments works. However, it was problematic that the task posed enor-
mous problems, especially for the low-performing students, as the formulation of 
the judgements requires linguistic skills that were not yet present in this target 
group. A further problem is the focus of the diagnostic grid used on precisely these 
linguistic skills.

Regarding its use in biology lessons, the focus of the grid in cycle.3 should be 
shifted to the subject-specific ESD aspects and the task for formulating a judgement 
should be better supported.

12.4.3 � Results: Cycle.3

The learning effectiveness of the design could be further improved compared  
to cycle.3. The triple differentiated working materials (differentiated according to 
the reduced amount of text, shorter sentences, fewer technical terms, and more 

(RQ.): Which criteria must be modified to improve the selected methods for 
promotion and diagnosis of the decision-making competence (cf. material-
based writing/competence grid)?

(RQ.): How suitable is the modified teaching method (cf. material-based writ-
ing) to promote decision-making competence? How suitable is the developed 
competence grid (PARS model) for diagnosing decision-making competence?

12  Diagnosing of Valuing and Decision-Making Competencies in Biology Lessons
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Cycle.2 - Students (School) Cycle.3 - Students (School)
Cycle.3 - Students

(University)

Level 4 0 0 16.66

Level 3 26.66 13.33 72.22

Level 2 16.66 63.33 5.55

Level 1 56.66 23.33 5.55
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Fig. 12.3  Comparative presentation of the levels achieved between the students of cycle.2  
and cycle.3. Contrast this with the levels achieved by the expectably higher-performing  
university students. Since the number of participants differed between the various groups, the 
values were converted into percentages for normalization. Levels 1–4 are derived from the average 
scores of the four categories (cf. perspective, scope, knowledge, and solutions) achieved by 
each student

explanatory illustrations), as well as the possibility for the students to choose  
them independently, have further increased the processing behavior, especially  
of the students who tend to be low performing. The tip cards were used even  
less frequently compared to the previous cycles, which is seen as a positive sign  
that the need for such support has decreased, even though it is still there (see 
Fig. 12.2 again).

The third part of the lesson works better with the revised methods of material-
based writing compared to the second cycle. Through the support of judgement 
formation by a guideline, as well as the use of partner work, even low-performing 
students can be led to write a reasoned judgement in the ESD context. The results 
show that the students always argue in favor of swamp protection, whereby the 
ecological and economic aspects are particularly important to them. The social 
aspect only plays a minor role, and its relevance seems to be linked to the students’ 
personal experiences. In about half of the cases, the approaches to solutions are 
compensatory: the students mostly try to offer compromises between the different 
parties of interest. Most of the students think in very long-term time frames and 
global, spatial dimensions. They perceive swamp protection as a task for society 
(Fig. 12.3).

M. Ternieten and D. Elster
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12.5 � Conclusions

To measure the (learning) efficiency over the course of the 3 cycles using the 
designated designs, five markers have been defined (repetitive data acquisition in 
each cycle at predefined points). These markers are (I) the process log (a compe-
tency grid to record the progress of individual students), (II) the complexity of the 
food web, (III) the quality of the decision, (IV) the lines of argumentation, and (V) 
the revision of the PARS-model. The overall results show that the advancement of 
students in highly heterogeneous groups can be successful if the education material 
is differentiated on multiple levels. These materials must include suitable language 
(simplified language with reduced use of specific terminology) and a higher per-
centage of descriptive illustrations than complex text passages. Further support for 
students can be provided by taking on preparatory tasks, considering time as an 
additional crucial differentiation factor. The study shows that low-performing stu-
dents can successfully produce a qualified opinion that meets the requirements of 
the ESD context by using supporting guidelines and/or partner work. The results 
also show that the students always argue in favour of swamp protection, whereby 
they describe ecological and economic aspects as the most important ones. However, 
students with personal experiences regarding swamps assign social aspects as 
another critical factor, unlike students without personal experiences. Approximately 
half of the students try to use compromises to negotiate between the interested par-
ties. Most of the students consider extended periods and global dimensions and 
classify swamp protection as a challenge to be addressed by the whole society. To 
further improve the developed materials and methods of the education units, it is 
recommended that the use of specific terminology in the evaluation process of the 
opinions be implemented. Furthermore, the linguistically improved materials should 
be integrated into a more extended teaching lesson on an ESD-approved topic. This 
should guarantee a continuous improvement of the pre-existing lesson. The continu-
ous improvement of how lessons are taught is of significant importance regarding 
differentiated educational materials for Oberschulen (high schools) in Bremen, in 
the field of biology and science. For future projects to further improve the PARS 
model, it is recommended using additional empirical studies with a higher number 
of test persons and different school types, such as grammar schools. What remains 
is the problem described at the beginning with the category: values, which requires 
an understanding of the students’ values and can therefore only be assessed by 
teachers who have knowledge of these values. Level.4 of the PARS model was only 

(RQ.): How must a lesson be designed to comply with the conditions of the 
cooperating school and address the school-specific requirements?
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achieved by university students. This was not surprising given the requirements, but 
for the purposes of clarity, it should be mentioned that the task for ninth graders did 
not require them to reflect on the topic, and level.4 thereby set requirements that the 
students were not supposed to achieve at all. A further development of the PARS 
model could therefore be to reduce the requirements at this level or use the model 
only with level.3 or to revise the assignment for the students regarding the ability to 
reflect. Overall, the exchange within a community of practice, including science 
educators, to create a lesson that fulfils the school-specific requirements of an inte-
grated comprehensive school, was a success.

References

Abraham, U., Baurmann, J., & Feilke, H. (2015). Materialgestütztes Schreiben. Praxis Deutsch – 
Zeitschrift für den Deutschunterricht, 251(42), 4–11.

Alfs, N. (2012). Ethisches Bewerten fördern. Eine qualitative Untersuchung zum fachdidak-
tischen Wissen von Biologielehrkräften zum Kompetenzbereich „Bewerten“. Hamburg: Verlag 
Dr. Kovač.

Biggs, J., & Collis, K. (1982). Evaluating the quality of learning the SOLO taxonomy. 
Academic Press.

Christenson, N., & Chang Rundgren, S. N. (2015). A framework for teachers’ assessment of socio-
scientific argumentation: An example using the GMO issue. Journal of Biological Education, 
2(49), 204–212.

Gebhard, U., Höttecke, D., & Rehm, M. (2017). Pädagogik der Naturwissenschaften. Ein 
Studienbuch. Springer VS.

Hostenbach, J., Fischer, H.  E., Kauertz, A., Mayer, J., Sumfleth, E., & Walpuski, M. (2011). 
Modellierung der Bewertungskompetenz in den Naturwissenschaften zur Evaluation der 
Nationalen Bildungsstandards. Zeitschrift für Didaktik der Naturwissenschaften, 17(1), 
261–288.

Kultusministerkonferenz – KMK. (2005). Bildungsstandards im Fach Biologie für den Mittleren 
Schulabschluss. Wolter Kluwer.

Mayring, P. (2015). Qualitative Inhaltsanalyse. Grundlagen und Techniken. Beltz.
McKenney, S., & Reeves, T. (2012). Conducting educational design research. Routledge.
Phillip, M. (2017). Materialgestütztes Schreiben. Beltz Juventa.
Schüler, L. (2017). Materialgestütztes Schreiben argumentierender Texte. Untersuchungen zu  

einem neuen wissenschaftspropädeutischen Aufgabentyp in der Oberstufe. Schneider 
Hohengehren.

Ternieten, M., & Elster, D. (2020). Diagnosis and promotion of decision-making competence of 
students with methods of internal differentiation in biology lessons. In L. G. Chova, A. López 
Martínez, & I. Candel Torres (Eds.), EDULEARN20 proceedings. 12th international conference 
on education and new learning technologies, Palma, Spain. 6–7 July 2020 (pp. 1413–1422). 
IATED Academy. https://doi.org/10.21125/edulearn.2020

Thürmann, E., Pertzel, E., & Schütte, A.  U. (2015). Der schlafende Riese: Versuch eines 
Weckrufs zum Schreiben im Fachunterricht. In S. Schmölzer-Eibinger & E. Thürmann (Eds.), 
Schreiben als Medium des Lernens: Kompetenzentwicklung durch Schreiben im Fachunterricht 
(pp. 17–45). Waxmann Verlag.

M. Ternieten and D. Elster

https://doi.org/10.21125/edulearn.2020


175

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons license and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.

12  Diagnosing of Valuing and Decision-Making Competencies in Biology Lessons

http://creativecommons.org/licenses/by/4.0/


177

Chapter 13
Factors Influencing the Intention 
of Students in Regard to Stem Cell 
Donation for Leukemia Patients: 
A Comparison of Non-intenders 
and Intenders

Julia Holzer and Doris Elster

13.1 � Theoretical Background

Leukemia includes cancers of the hematopoietic and lymphatic systems. The only 
curative treatment for leukemia is stem cell transplantation. However, there is still a 
high demand for new and fitting donors. A healthy and tissue-compatible donor is 
required for stem cell donation. Despite around 80% of patients being able to find a 
close match, the demand for new donors is still very high (Hochhaus et al., 2004; 
ZKRD, 2018, 2021).

In order to explain why some people decide themselves to become donors or not, 
the Theory of Planned Behavior (TPB) can be used (Ajzen, 2005). TPB assumes 
that the proximal cause of behavior is one’s intention to adopt the action in question. 
Intention can be defined as an indicator of how hard a person is willing to try in 
order to perform a given behavior (Frey et al., 2001). Therefore, intention includes 
motivational factors. Intention is influenced by three determinants (Fig.  13.1), 
which are attitudes towards the behavior, subjective norms and perceived behav-
ioral control (Eagly & Chaiken, 1993). The attitudes are defined as affective evalu-
ations which show how likely or unlikely an individual is to perform the behavior in 
question. Subjective norms represent a person’s belief that significant others (people 
whose opinion is valued as important) think that they should adopt a certain behav-
ior. It represents the social pressures on individuals regarding the performance of a 
given behavior. Finally, perceived behavioral control can be defined as the individ-
ual’s perception of how easy or difficult the performance of behavior is (Ajzen, 
1991; Ajzen & Fishbein, 2002). According to the TPB, it can be assumed that the 
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Fig. 13.1  TPB-model. (Based on Ajzen, 2005)

more positive the attitudes, subjective norm and perceived behavioral control, the 
stronger the intention should be and thus the more likely the conduct of the behavior 
(Ajzen, 2005). These three determinants of intention can be traced to specific sets of 
beliefs, referred to as behavioral beliefs, normative beliefs and control beliefs 
(Fig.  13.1): “These beliefs provide us with insight into the underlying cognitive 
foundation of the behavior, i.e., they tell us why people hold certain attitudes, sub-
jective norms, and perceptions of behavioral control and, therefore, why they intend 
to perform the behavior in question” (Ajzen, 2005, p. 137).

According to the TPB, changing behavior requires changing or modifying these 
underlying beliefs using the fact that beliefs are the fundamental determinants of 
any behavior.

Ajzen (2011) has admitted the potential for other constructs to be added to the 
TPB to enhance its prediction of intention or behavior. As an example, studies on 
blood donation have identified that three variables are particularly influential in 
intention prediction, namely knowledge (Holdershaw et al., 2007), moral obligation 
(Schwartz & Howard, 1981) and self-identity (Conner & Armitage, 1998). These 
findings have been partially confirmed by a further empirical investigation in the 
context of this study: In order to identify influential predictors of intention to regis-
ter as a stem cell donor, a regression analysis was performed. It became clear that 
above all, knowledge and moral obligation are factors that determine intention (for 
more detailed information, see Holzer & Elster, 2021).

Furthermore, in this study two further variables, namely empathy and moral rea-
soning, are investigated, as they are positively related to pro-social behavior (see 
e.g. studies of Bierhoff, 2010; Emler & Rushton, 1974; Krebs & Rosenwald, 1977; 
Demir & Kumkale, 2013). These five variables are presented in more detail below.

Moral obligation can be described as an individual’s perception of the moral cor-
rectness or incorrectness of performing a behavior and represented as “feelings of 
personal responsibility or duty to perform a behavior” (Ajzen, 1991, p.  199; 
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Schwartz & Howard, 1981). Self-identity is a construct that reflects the different 
identities of a person. In the context of stem cell donation in this study, this con-
struct reflects the extent to which a person considers themselves as a helper (self-
identity as a helper) (Stryker, 1968, 1997). Moral reasoning involves cognitive 
processes in which action decisions are made based on moral considerations 
(Richardson, 2018). Such decisions are not under the influence of individual moral 
standards (what individuals prefer to do), but are governed by what is expected of 
them in the face of moral standards. Empathy has been extensively studied in social 
psychology. The perception of someone else’s need or suffering tends to create 
emotional distress in the viewer. The experience of this arousal is called empathy, 
and it is believed that it comes from a learned or acquired or genetic competence to 
look at events from the perspective of those to whom one feels similarly 
(Schwartz, 1977).

The present study not only expands the norm component by additionally consid-
ering moral obligation and the variable self-identity, but also examines knowledge 
regarding stem cell donation and leukemia. For example, Feeley (2007) found from 
the analysis of about 27 studies that students have an insufficient level of knowledge 
regarding tissue and organ donation. However, research shows that knowledge is 
positively related to other key factors, such as attitudes and intention (Bilgel et al., 
2006; Horton & Horton, 1991; Morgan & Miller, 2002; Rubens et al., 1998). Kaiser 
and Frick (2002) and Kaiser and Fuhrer (2003) distinguish three forms of knowl-
edge, namely system knowledge, action-related knowledge and effectiveness knowl-
edge. Even if the differentiation of the three dimensions of knowledge could not 
always be confirmed empirically (cf. Kaiser & Frick, 2002), the differentiation on 
the theoretical level nevertheless appears to be meaningful. System knowledge is 
comparable to the constructs of conceptual and situational knowledge (Zeyer, 
2012). Action-related knowledge comprises knowledge about possible options for 
action and provides an assessment of whether corresponding actions can be carried 
out and with which “costs” they are associated (Frick et al., 2004). The third form 
of knowledge is effectiveness knowledge, which indicates how effective an action 
option can be, and whether it is ultimately profitable to bear the costs associated 
with performing the action (Kaiser & Fuhrer, 2003). Therefore, effectiveness knowl-
edge describes the potential of a certain action or the relative potential of different 
actions (Kaiser & Frick, 2002). It has been empirically shown that system knowl-
edge predicts action-related knowledge and effectiveness knowledge, whereby 
action-related knowledge predicts effectiveness knowledge and the last two types of 
knowledge finally predict behavior (Frick et al., 2004).

Since the presented constructs (moral obligation, moral reasoning, knowl-
edge, self-identity, empathy) turned out to be useful extensions of the TPB, 
especially in the context of blood and organ donation, according to the results 
of the literature research, they are also examined in this study alongside the 
classic constructs of the TPB. Within this study, such an extended TPB is named 
as the TPB+ model.

13  Factors Influencing the Intention of Students in Regard to Stem Cell Donation…
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13.2 � Research Design and Methodology

According to TPB, anything that changes beliefs in the appropriate direction will 
increase the likelihood of behavioral change. However, also focusing on predictive 
factors of intention regarding stem cell donation can affect behavioral change posi-
tively (Ajzen, 2006). For this purpose, the overall objective of this study is to inves-
tigate changes of factors of the extended version of TPB (including the model-external 
variables moral obligation, self-identity as helper, knowledge, empathy, moral  
reasoning) among a sample of students.

A questionnaire was distributed before and after the teaching unit “Wake up” to the 
student sample (age ø: 17.14; n = 48♀/n = 46 ♂). The sample was split by the median 
of “intention”, which was 4.0 on the 7-point Likert scale. All students with “intention” 
equal or lower than 4.0 were defined as non-intenders (persons with low level of 
intention) and all students with higher values than 4.0 in their intention were defined 
as intenders (persons with high level of intention to act as a donor). All of them par-
ticipated as students in the teaching unit “Wake up”. T-tests were performed to assess 
post-intervention changes in the measured constructs. This is a so-called “paired 
t-test”, since the changes were tested among intenders and non-intenders.

The same questionnaire was used in the pre- and post-test. Measurement of TPB 
(Table 13.1) follows closely the guidelines recommended by Ajzen (2005). Thereby, 
the TPB constructs were formulated by the authors, but the correspondence princi-
ple (degree of specificity of the items) according to Ajzen (2005) was observed in 
the formulation of the items, as well as the 7-point Likert scales. When looking at 
the beliefs, Ajzen (2005) distinguishes between the expectation component, i.e., the 
expectation or probability that a certain belief can become true, and the evaluation 
component, i.e., the evaluation of this belief. Both components have to be multi-
plied together and product terms have to be formed and interpreted in the course of 
the data analysis (Ajzen, 2005). Therefore, product terms are also obtained in this 
study. Thus, in Table 13.1 belief-based-constructs of TPB are product terms (expec-
tation component × evaluation component). Regarding behavioral beliefs, the pres-
ent study distinguishes between belief-based positive attitudes (positive behavioral 
beliefs) and belief-based negative attitudes (negative behavioral beliefs) based on 
the empirical investigation.

Table 13.1 provides an overview of the TPB variables, model external variables, 
Cronbach’s alpha values of scales, and examples of items. The construct knowledge 
includes two forms of knowledge, namely system knowledge and action-related 
knowledge. Due to time limitations, effectiveness knowledge was not assessed in the 
questionnaire. System knowledge comprises knowledge about normal blood forma-
tion on the one hand, and knowledge about its malfunction, which is discussed in 
this study in the context of leukemia, on the other hand. Action-related knowledge 
includes relevant knowledge that is important for the action or registration as a stem 
cell donor or for stem cell donation. It should be emphasized that system knowledge 
and action-related knowledge are not considered separately, but under one con-
struct, since the constructs were not empirically confirmed as separate constructs in 
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Table 13.1  Factors and examples of TPB, and model external variables and the reliability of scales

Factor (number of Items)
Items (examples only for expectation 
component)

Mean 
(post)

SD 
(post) post- α

Belief-based (positive) 
attitudes (4)

I could possibly save a life 40.53a 8.01a .750

Belief-based (negative) 
attitudes (4)

I could harm my health through a 
possible donation

27.79a 10.99a .647

Belief-based subjective 
norms (5)

Do your parents think that you should 
register as a stem cell donor?

18.79a 8.72a .892

Belief-based perceived 
behavioral control (6)

I will have a very bad conscience for a 
very long time if I do not register as a 
stem cell donor

28.64a 8.53a .707

Intention (2) How likely do you think you will register 
as a stem cell donor for leukemia patients 
in the foreseeable future?

4.47 1.55 .922

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

4.93 1.29 .859

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

5.08 0.86 .795

Self-identity helper (5) I see myself as someone who likes to help 
other people

5.57 0.96 .863

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

5.27 0.77 .567

Content knowledge1 (9) 
(dichotomous scale)

Stem cells are ordinary body cells. Body 
cells are cells that do not pass on their 
genetic material to the next generation

18.48 1.98 .618

Content knowledge2 (5) 
(open questions)

What is a stem cell transplant? [Cohen’s 
Kappa (Ø):,935]

7.16 2.74 –

Here, for better clarity, only the reliability of the expectation component of the belief-based TPB 
constructs in post-test is presented. However, the evaluation component showed similarly high 
reliability
aThe mean values and standard deviations of the multiplication terms (expectation compo-
nent × evaluation component) are shown here

this study. In Table 13.1, the knowledge that was collected using open and closed 
questions is considered separately in order to clearly present the calculated quality 
criteria. However, closed and open knowledge questions measure both types of 
knowledge, namely system knowledge and action-related knowledge. With regard to 
the open and closed knowledge questions, it should be mentioned that while the 
closed knowledge questions were coded with 0 (if wrong answer) and 1 (if right 
answer), the open knowledge questions were analyzed using scaling structuring 
based on the qualitative content analysis (Mayring, 2015). Different points were 
assigned depending on the different characteristics of an answer. To ensure objectiv-
ity, 25% of the data was coded by another coder and a Cohen’s Kappa was calcu-
lated (Table 13.1).
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13.3 � Teaching Unit “Wake Up: Sensitization for Stem 
Cell Donation”

During the 5-h-long intervention “Wake up”, the students gathered information and 
participated in discussions relevant to leukemia and stem cell donation. Table 13.2 
summarizes the schedule and topics of the teaching intervention “Wake up”, as well 
as all promoted constructs of TPB+.

Table 13.2  Teaching unit “wake up”

Lecture phase Topics TPB+ constructs

Introductory phase 
(approx. 40 min)

Interactive 
introduction:
 �� “Stem cells are 

special cells!”
 �� Jonas (sick with 

leukemia) tells his 
story

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

Cognitive level of TPB 
(beliefs)
Knowledge
Empathy

Elaboration phase: 
learning at 
different stations 
(approx. 160 min)

Station 1: What is 
leukemia?

Causes and 
consequences of 
leukemia:
 �� Analysis and 

evaluation of blood
 �� Analysis and 

evaluation of genetic 
aberration

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

Station 2: Stem cell 
donation – what is 
behind it?

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

Station 3: From 
HLA-typing to 
transplantation

Understanding of 
HLA-typing
Important steps before 
stem cell transplantation

Station 4: Reports of 
one’s experiences

Reading and reflection Empathy
Moral reasoning
Moral obligation
Self-identity as a 
helper

Evaluation phase 
(approx. 45 min.)

Work in groups: 
discussion

Different opinions about 
stem cell donation

Cognitive level of TPB 
(beliefs)
Knowledge
Empathy
Moral reasoning
Moral obligation
Self-identity as a 
helper
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The teaching unit “Wake up” comprises three teaching phases, namely the  
introductory phase (confrontation with the problem), the elaboration phase and  
the evaluation phase (Table 13.2). The “problem” – personified by the figure of the 
adolescent, Jonas, who is diagnosed with leukemia – is presented immediately after 
the short introduction “Stem cells are special cells”. The students are then asked  
to write down possible questions that a 17-year-old boy might ask himself. In the 
following elaboration phase, Jonas’s questions are answered. The elaboration phase 
is divided into four stations, in which the clinical picture of leukemia is treated  
(station 1) and the aspects of stem cell donation are elaborated (station 2–4). In the 
evaluation phase, the central results of the teaching unit are discussed, as well as 
different points of view regarding stem cell donation. In the course of the interven-
tion, not only are many misconceptions and beliefs regarding stem cell donation and 
leukemia discussed, but also normative and moral aspects are reflected (Table 13.2). 
In addition, it should be noted that the intention to become a stem cell donor is not 
directly promoted by the “Wake-up” teaching unit, but, above all, is indirectly influ-
enced by reflective discussions in the final evaluation phase. The goal of the teach-
ing is to raise awareness about the problems experienced by people with leukemia. 
It is important to emphasize that there is no intention to exert any influence on the 
participants in either direction.

13.4 � Findings

In order to analyze the changes in all assessed TPB+ factors after the intervention, 
especially among intender and non–intenders, t-tests were performed. While posi-
tive attitude-related beliefs and normative beliefs remain stable on the level of 
“whole sample” in the post-test (Table  13.3), negative attitude-related beliefs 
decrease and control beliefs increase significantly in the post-test. In the following, 
the results regarding belief-based negative attitude and belief-based perceived 
behavioral control are reported by taking a closer look at beliefs among intenders 
and non-intenders. Negative belief-based attitudes include beliefs such as fear of 
pain and damage to health when stem cells are donated. In addition, there is a belief 
regarding the state of health, which reflects the perception of whether this is consid-
ered suitable for carrying out a stem cell donation. The last one expressed the level 
of trust in the medical system in the field of stem cell donation (Table 13.4). It can 
be concluded that all negative attitude-related beliefs significantly decrease in the 
post-test, especially with higher effect sizes among non-intenders (Table 13.4).

After the intervention, it was observed that among the control beliefs, three out 
of the six assessed beliefs underwent changes (see Table 13.1). The belief “percep-
tion of effort” describes if students perceive effort regarding stem cell donation. 
“Awareness of opportunity” shows if participants see an opportunity in their daily 
life to register as a stem cell donor and donate their cells. The last belief “time con-
suming” expresses if students perceive the process of registration and the donation 
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Table 13.3  Results of the t-test: changes in TPB-factors in whole sample (n = 94)

TPB-constructs M SD T df p (2-sided) Cohens d

Belief-based positive attitude (n = 94) Pre 40.45 7.57 −.141 93 .889 –
Post 40.53 8.02

Belief-based negative attitude (n = 92) Pre 19.55 9.23 −7.390 91 .000 .807
Post 27.79 10.99

Belief-based subjective norm (n = 75) Pre 18.08 7.89 −.943 74 .349 –
Post 18.79 8.72

Belief-based perceived behavioral 
control (n = 88)

Pre 25.97 6.45 −4.124 87 .000 .339
Post 28.64 8.53

Intention (n = 93) Pre 3.68 1.55 −6036 92 .000 .506
Post 4.47 1.54

Belief-based attitude, belief-based subjective norm and belief-based perceived behavioral control 
are averaged from all measured behavioral, normative, and control beliefs. Due to the inverting of 
the polarity of the negative items during data processing, the increase in belief-based negative 
attitude are to be interpreted as it decreases

Table 13.4  Results of the t-tests: changes in negative attitude-related beliefs in subgroups

Subgroup M SD T df p (2- sided) Cohens d

No fear of pain Non-intender 
(n = 57)

Pre 14.61 11.51 −3.816 56 .000 .622
Post 22.49 13.69

Intender 
(n = 36)

Pre 16.78 11.31 −3.640 35 .001 .522
Post 23.44 13.74

No harm to health Non-intender 
(n = 57)

Pre 18.32 11.67 −5.834 56 .000 .986
Post 31.25 14.36

Intender 
(n = 35)

Pre 22.09 12.46 −3.563 34 .001 .614
Post 30.66 15.10

Perceived adequate 
health status

Non-intender 
(n = 57)

Pre 19.54 10.78 −3.188 56 .002 .494
Post 25.14 11.83

Intender 
(n = 36)

Pre 22.39 11.94 −3.575 35 .001 .586
Post 29.92 13.59

Trust in the medical 
system

Non-intender 
(n = 57)

Pre 21.04 11.09 −5.022 56 .000 .720
Post 30.18 13.91

Intender 
(n = 35)

Pre 25.51 13.18 −4.379 34 .000 .600
Post 33.23 12.45

Due to the inverting of the polarity of the negative items during data processing, the increases in 
beliefs are to be interpreted as they are decreased

process as time consuming. There are increases, for example, among non-intenders 
in some control beliefs: “no perception of effort”, “awareness of opportunity”, as 
well as in “not time consuming” (Table 13.5).

The results of the t-test (n = 93) demonstrate that the intention after the interven-
tion increases significantly (M = 3.68pre /4.47post; Table 13.3). More specifically, the 
intention in the non-intenders group (M  =  2.68pre /3.87post; p  =  .000, d  =  .904) 
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Table 13.5  Results of the t-tests: changes in control beliefs in subgroups

Subgroup M SD T df p (2-sided) Cohens d

No perception 
of effort

Non-intender 
(n = 55)

Pre 19.69 7.70 −2.689 54 .010 0.417
Post 23.82 11.40

Intender (n = 36) Pre 29.50 8.69 −2.093 35 .044 0.371
Post 33.22 11.01

Awareness of 
opportunity

Non-intender 
(n = 55)

Pre 18.71 7.49 −2.961 54 .005 0.442
Post 22.80 10.49

Intender (n = 36) Pre 29.75 8.75 −1.785 35 .083 –
Post 32.86 11.70

Not time 
consuming

Non-intender 
(n = 56)

Pre 15.26 6.38 −2.963 55 .004 0.456
Post 18.21 6.57

Intender (n = 36) Pre 19.97 8.07 −2.497 35 .017 0.421
Post 23.33 7.88
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Fig. 13.2  Numbers of intenders and non-intenders after Wake-up-intervention

increases significantly in the post-test, while it remains stable in the intenders group 
(M  =  5.28pre/5.42post; p  =  .388). There are also changes in the number of  
non-intenders and intenders after the intervention (Fig.  13.2): 26 non-intenders 
show higher values after the intervention (>4.0) in their intention than in the pre-test; 
therefore they become intenders. Only 5 intenders move after intervention to 
non-intenders, which means that their value of intention decreases (1.00 to ≤4.0).

Focusing on post-changes, it can be summarized that in the non-intenders sub-
group, the moral obligation (while among intenders there were increases in moral 
reasoning instead of in moral obligation) and self-identity helper increase signifi-
cantly in the post-test (Table 13.6). There is also a significant increase in knowledge 
in both groups (Table 13.7). The effect sizes range from r = 0.545 to 0.609, which 
are interpreted as strong effects according to Cohen (1988) (Table 13.7). There is no 
significant change in empathy, but it shows high values already in the pre-test 
(Table 13.6).
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Table 13.6  Results of the t-tests: changes in model-external factors among subgroups

Subgroup M SD T df p (2-sided) d

Moral obligation Non-intender (n = 56) Pre 4.11 1.21 −2.801 55 .007 .367
Post 4.58 1.33

Intender (n = 36) Pre 5.26 1.11 −1.633 35 .112 –
Post 5.48 1.05

Self-identity helper Non-intender (n = 57) Pre 5.12 0.94 −2.311 56 .025 .183
Post 5.30 0.98

Intender (n = 36) Pre 5.79 0.76 −2.71 35 .01 .228
Post 5.97 0.79

Moral reasoning Non-intender (n = 57) Pre 4.76 0.80 −0.949 56 .347 –
Post 4.83 0.85

Intender (n = 36) Pre 5.17 0.86 −2.165 35 .037 .330
Post 5.44 0.77

Empathy Non-intender (n = 57) Pre 5.12 0.93 −1.114 56 .270 –
Post 5.20 0.77

Intender (n = 36) Pre 5.32 0.73 −1.149 35 .259 –
Post 5.42 0.73

Table 13.7  Wilcoxon-test: changes in knowledge (K) among subgroups

Skala Subgruppen M SD z Asympt. significance (2-sided) r

K1 Non-intender (n = 57) Pre 15.69 2.35 −5814 .000 .545
Post 18.42 2.14

Intender (n = 36) Pre 15.26 2.62 −4888 .000 .576
Post 18.61 1.73

K2 Non-intender (n = 57) Pre 2.70 1.46 −6084 .000 .570
Post 6.75 3.00

Intender (n = 36) Pre 2.92 1.84 −5164 .000 .609
Post 7.83 2.16

K1 knowledge was assessed with open questions, K2 knowledge was assessed with closed 
questions

13.5 � Discussion and Conclusion

While positive attitudes do not change significantly after the intervention in the 
whole sample – as they are already very high – negative attitudes show significant 
decreases. The negative attitudes show significant decreases among intenders and 
non-intenders, although these increases occur slightly more among non-intenders 
(Table 13.4). It can be concluded that “fear of pain” decreases significantly in the 
post-test. Furthermore, the students think that the donation process is “less harmful 
to health” and they perceive “health status” as more appropriate for stem cell dona-
tion after the intervention. They also show a higher degree of “trust in the medical 
system”. These results clearly show that the intervention has a positive effect, espe-
cially on negative attitudes, but to varying degrees depending on the subgroup. 
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Above all, negative behavioral beliefs, such as fears, are reduced during the elabora-
tion phase of the intervention (Table 13.2) by specific tasks and the acquisition of 
knowledge.

It can be summed up that there is a significant change in some control beliefs in 
the post-test: The students (intenders/non-intenders) perceive “less effort in perfor-
mance of behavior”, they are “more aware of opportunities for registration as a stem 
cell donor”, and they are more aware that the registration and donation processes do 
“not consume a lot of time”. It can be summarized that the significant increases 
within the subgroups after the intervention (Table  13.5) can be attributed to the 
effectiveness of the intervention. The control beliefs were also specifically addressed 
in the elaboration phase (Table 13.2), primarily through text work, as well as video 
material. Behavioral beliefs and control beliefs were also discussed and doubts clar-
ified in the plenary session during the evaluation phase.

Students, especially non-intenders, show a significantly higher intention with 
regard to the registration as a stem cell donor after the intervention. When looking 
at the two subgroups, it becomes clear that the intenders’ intention is already high 
in the pre-test and remains stable in the post-test. 26 students, which were character-
ized as non-intenders before intervention, change their status to intenders, because 
of a significant increase in their intention regarding stem cell donation, which 
reflects a positive effect of the teaching unit.

Taking a closer look at model-external factors, such as moral obligation, self-
identity, moral reasoning, empathy, as well as knowledge, which especially in the 
context of blood donation and in the context of prosocial behavior proved to be 
influential factors of intention, it can be summarized that some of them show lower 
values before the teaching unit. However, this changes after the intervention. After 
the intervention, the constructs self-identity helper and knowledge increase signifi-
cantly in both groups (Tables 13.6 and 13.7). While a significant increase in moral 
obligation is observed among non-intenders, a significant increase in the moral rea-
soning construct is observed only in the intenders group. These findings demon-
strate impressively that the intervention addresses both groups (albeit in slightly 
different ways) regarding internal and external model factors. Furthermore, these 
results show that it is important to take into account and promote influential factors 
of intention regarding stem cell donation. While knowledge (regarding stem cell 
donation und leukemia) and empathy were promoted throughout all phases of the 
teaching intervention, through text material and specific tasks (Table 13.2), moral 
reasoning, moral obligation, and self-identity were targeted mainly in the elabora-
tion phase and in the evaluation phase (Table 13.2).

While moral obligation, moral reasoning, knowledge regarding leukemia and 
stem cell donation and self-identity change after the intervention, empathy remains 
stable. This finding could possibly be explained by the fact that empathy already had 
a very high level in the pre-test (mean value <5.0 measured on the 7-point Likert 
scale) and therefore did not increase after the intervention. In order to promote 
empathy, activities focusing on perspective taking are used. In further studies, other 
activities and methods, like “role playing” can be tested and reflected regarding 
their effectiveness in promoting empathy.
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Significant changes in TPB+ factors can be attributed to the positive effective-
ness of the “Wake up” intervention, as already indicated. However, the significant 
increases in the measured constructs could also be attributed to sources other than 
the intervention. It is therefore advisable for further studies to survey a control 
group (without intervention) in addition to the intervention group.

Negative beliefs, as well as misconceptions regarding the topic, could be reduced 
by the “Wake up” teaching unit and most constructs of TPB could be fostered and 
promoted. Thus, the TPB+ model proves to be a successful decision-making model 
in the context of health education and should be tested in other contexts, such as 
organ donation.

What about the actual behavior regarding the registration as a stem cell donor? 
This question can be answered only in terms of measured intention, as behavior or 
actual registration as a stem cell donor was not captured in this study. Since many 
model-internal as well as model-external factors of the TPB+ increase after the 
intervention, as well as the intention, it can be concluded with regard to behavior 
that this becomes more likely or that the gap between intention and behavior is 
reduced. In other words, the higher the intention, the more probable the actual per-
formance of behavior (Ajzen, 2005). However, further studies are needed, which 
also measure behavior in order to verify this theoretical assumption.

Regarding TPB-based intervention, it can be concluded that it can act as a pos-
sible instructional design tool to assist teachers in structuring and planning their 
teaching units. Biology teachers should be the key players in the promotion of can-
cer education (Barros et al., 2016), but their intention to teach such a complex inter-
disciplinary health topic is low and based on the emotional nature of topic (Carey, 
1992). Furthermore, Heuckmann et al. (2020) pointed out that teachers’ fear of the 
emotional reactions of students strongly contributed to the perceived burden of 
teaching the subject of cancer. Therefore, TPB-based interventions in the classroom 
are necessary in order to make a complex subject easier to talk about. In this way, 
the teaching unit “Wake up” provides teachers with support on how to deal with the 
topic of cancer in the classroom, using the example of leukemia and stem cell 
donation.
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Chapter 14
Mapping Adolescents’ Nutritional 
Knowledge

Martha Georgiou and Matina Moshogianni

14.1 � Introduction

Food choices affect the health of every human being and if not balanced, could lead 
to various diseases or malfunctions of the organism (Botero & Wolfsdorf, 2005). 
Nowadays, we are able to access a variety of information about healthy eating in 
every stage of life. Regarding childhood, it is argued that a healthy diet during these 
years will contribute to good health and physiological development, thereby leading 
to better school performance (Worobey & Worobey, 1999). According to Neufeld 
et al. (2023, 21) “a healthy diet is health-promoting and disease-preventing. It pro-
vides adequacy, without excess, of nutrients and health-promoting substances from 
nutritious foods and avoids the consumption of health-harming substances.” 
Moreover, according to Pérez-Rodrigo and Aranceta (2001), the adoption of healthy 
eating habits by adolescents is accompanied by healthy life practices, including 
physical activity, avoidance of smoking, and stress management, which could 
reduce the effects of chronic diseases later in adulthood. However, a variety of fac-
tors, including cultural and economic ones, play a role in the composition of a 
healthy diet because the respective combination of foods that make up the diet is 
context-specific (Neufeld et al., 2023).

However, do adolescents consume healthy food? When talking about adoles-
cents’ nutrition, it is important to distinguish between what they should eat and 
what they generally prefer to eat. Obviously, the latter arises from both personal 
preferences and the strong social norms that are created by peers, which are often 
adopted both voluntarily and involuntarily due to the vulnerability of adolescents 
(Pirouznia, 2001). For example, very often adolescents’ outings include junk food 
(i.e. fast food) and snacks that are particularly high in calorific value, but low in 
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nutritional value (e.g., chips, soft drinks, doughnuts, ice cream, pizzas, and others) 
(Word Health Organization, 2018). It is evident that such a diet contributes to obe-
sity, and may cumulatively cause other types of diseases. On the other hand, there 
are other adolescents who also acquire health-damaging eating habits: Very strict 
diets are generally popular among the ranks of adolescents since it is believed that 
diets can ensure a very lean and, by social standards, beautiful body. Therefore, they 
are eager to reduce their daily food intake, sometimes resulting in cases of malnutri-
tion which can lead to very serious conditions (e.g., anorexia nervosa) (WHO, 2018).

These practices lead adolescents far away from following a balanced diet that 
contributes to good health and the proper functioning of the body. In fact, they have 
an increased need for minerals such as calcium and iron during this stage of life due 
to the development of the musculoskeletal system and the onset of menstruation in 
girls. Vitamin intake should also be at high levels (e.g., vitamins D and K). Regarding 
energy requirements, it is not possible to generalize because there are significant 
variations from person to person, depending on their particular characteristics and 
choices (i.e., growth rate, physical activity, and other factors). (Brown, 2016).

14.1.1 � International Research of Adolescents’ 
Nutrition Knowledge

Several studies (Barzegari et al., 2011) have shown that, nutrition knowledge and 
attitudes towards nutrition are rarely not directly related and, more specifically, 
there is generally a positive correlation between nutrition knowledge and adoles-
cents’ eating habits. In other words, if adolescents had adequate knowledge about 
nutrition, they could probably make better choices about the foods they consume. 
This lack of basic knowledge about nutrition leads to many misconceptions, which 
are not limited to issues relating to food composition, but also extend to eating hab-
its (e.g., recommended portions from each food group) (Sakamaki et al., 2005). In 
a recent survey of adolescents in Turkey, Saribay and Kirbas (2019) found that more 
than 65% of the participants had a very low level of knowledge about nutrition con-
cepts. Similar results were reported in Pirouznia’s (2001) research conducted in the 
US: Once again, it was shown that adolescents’ nutrition knowledge was poor. 
Finally, Kostanjevec et al. (2012) identified that Slovenian adolescent students also 
had limited knowledge of nutrition concepts. These results were in accordance with 
those of Barzegari et al. (2011) in Iran, and the recent findings of Mizia et al. (2021) 
in Poland.

Moreover, nutrition knowledge has been found to vary according to the field of 
study chosen by secondary school students: In countries where nutrition and physi-
ology programs are implemented, mainly through the subject of physical education, 
students participating in those programs had an improved perspective of nutrition. 
Nevertheless, even their performance level is not satisfactory, since similar 
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performance is recorded for students with different educational orientations 
(Barzegari et al., 2011).

14.1.2 � Nutrition Knowledge of Greek Adolescents

In Greece, research on adolescent nutrition (Varelas, 2006; Tsamita et  al., 2007) 
focuses mainly on habits rather than nutrition knowledge, and even that is quite 
limited. Hassapidou and Bairaktari (2001) found that Greek adolescents do not 
choose a well-balanced Mediterranean diet, resulting in a reduced intake of essen-
tial nutrients from the foods they prefer to eat, thus preventing proper physiological 
development. At the same time, there is an increase in the consumption of unhealthy 
foods which are rich in fat and sodium (Hassapidou & Bairaktari, 2001) in their 
daily lives, and a reduction of the consumption of fruits and vegetables (Bebetsos 
et  al., 2015). It is no coincidence that Greece ranks first in Europe in childhood 
(7–9 years old) obesity and third in adolescent (15 years old) obesity (WHO, 2018). 
Finally, the curriculum dealing with the concepts of nutrition involves only four 
teaching hours in K7, and those occur in the home economics class, rather than in 
the science class. Ιf we combine all of the above, it becomes clear why teaching 
students about food and dietary choices beginning in the early school years is really 
important: This kind of knowledge could contribute to healthier habits during and 
after adolescence.

In order to enhance Greek adolescent students’ knowledge about nutrition, we 
decided to create educational opportunities outside of and/or complementary to the 
formal education framework: We planned to introduce educational games, treasure 
hunts, and other activities as a means of evaluating students’ nutrition knowledge 
after these tools had been implemented in the classroom. However, in order for the 
tools to effectively achieve our goal, it was first necessary to identify students’ exist-
ing knowledge, especially since this had not been systematically assessed in Greece. 
Thus, the purpose of this study was to capture a first picture of Greek adolescent 
students’ knowledge about nutrition in order to better guide our next step, i.e., the 
creation of appropriate educational tools. Details of this first phase are pre-
sented below.

14.2 � Research Design and Method

14.2.1 � Participants

In this study, 269 students aged 15–16 (50.9% girls, 49.1% boys) from different 
public schools across Athens participated. Schools were randomly selected, and the 
students were all of middle socioeconomic status; according to their teachers, they 
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were average achievers. We decided to work with students of this age since it marks 
the end of compulsory education in Greece. Moreover, we restricted the sample size 
because our research is not a pure statistical study, but rather an initial collection of 
trends in order to accumulate some useful information on where to focus the educa-
tional tools we plan to create in the next phase.

14.2.2 � Research Tool

To conduct our survey, we used the General and Sport Nutrition Knowledge ques-
tionnaire (GeSNK) (Calella et al., 2017), a questionnaire of 29 close-ended ques-
tions created for secondary students. The questionnaire is divided into two parts: 
The first refers to general knowledge about nutrition, and the second explores atti-
tudes of students involved in different sports. For the purpose of our study, we used 
only the first part of this questionnaire as the two parts are separate and, more 
importantly, our intention was not to evaluate the differences in nutrition knowledge 
between students who are athletes and those who are not. It should be noted that 
while the first part of the questionnaire had 29 major questions, some of them con-
tained sub-questions, which resulted in a total of 63 questions. For each question, 
the participants could choose the answer they considered correct from the given 
options. Τwo additional questions were also included in the research tool: the gen-
der of the participants, and their source of information on nutrition issues (indicated 
by choosing from among different options, and/or by adding a source of their own). 
The questionnaire was translated into Greek by one researcher, and then translated 
back into English by the second researcher to ensure the correctness of the transla-
tion; it was then converted into electronic form to ensure the anonymity of the stu-
dents, and for easier and safer distribution in compliance with COVID-19 health 
measures then in effect.

14.2.3 � Data Collection and Analysis

The research was conducted in January 2022. The questionnaires were completed 
by the students within 45 min in each school’s computer room in the presence of a 
teacher, who did not participate in the process except to supervise its smooth execu-
tion. The students’ answers were automatically saved and uploaded after students’ 
submissions, and the data were retrieved and analyzed by the researchers. More 
specifically, the analysis was initially done for all the students as a group, and then 
each student’s responses were analyzed individually. Each correct answer was 
awarded one point. Therefore, as explained above, the maximum possible score for 
each student was 63 points, and for the total number of students it was 16,947 points 
(269 (×) 63). Answers were also analyzed on a question-by-question basis to show 
the possible lack or sufficiency of the students’ knowledge regarding the various 
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issues included in the questionnaire. Finally, we examined whether there were dif-
ferences in participants’ scores based on gender. This type of analysis aims to pro-
vide a more complete picture of Greek adolescent students’ general nutrition 
knowledge, which, as has been discussed above, is something that does not exist at 
present. The results will point to areas where more weight should be given when 
designing similar teaching interventions, educational programs, and teaching and 
learning materials.

14.3 � Results

The results of the aggregate scores of the participating student population for all 
questions are presented first, along with the percentages of students who scored cor-
rect answers, followed by the students’ results on some of the individual questions, 
i.e., mainly those questions that showed maximum or minimum score values, or 
those that had a broader categorization. Cronbach’s alpha coefficient for the GeSNK 
General Nutrition section, which we used in the present study, was 0.857.

14.3.1 � Findings for the Aggregate of the Participants

Students correctly answered slightly more than half of the questions. The overall 
percentage of correct answers for the aggregate of the participants was found to be 
57.3%, i.e., the total score of all the students combined was found to be 9704 points 
out of a maximum possible score of 16,947.

Table 14.1 presents the aggregate results in percentages of correct answers in the 
total population of participants, as well as the distribution of scores between gen-
ders. It is important to mention that the maximum score was 85.7% and was achieved 
only once, while the second maximum score of 84.1% was achieved three times. 
The minimum score of 0% was achieved once as well, with the second minimum 
score of 6.3% achieved four times.

Table 14.1  Αggregate results of correct answers to the GeSNK questionnaire

% correct answers N (entire population) % (entire population) N Boys N Girls

0–40 32 11.9 17 15
40–50 51 17.1 28 23
50–60 64 23.8 31 33
60–70 73 27.1 38 35
70–80 38 14.1 15 23
>80 11 4.1 2 9
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14.3.2 � Analysis of Answers to Individual Questions

In the first eight questions (including the sub-questions), students were asked about 
the nutrient contents of different foods. The answers to each question were analyzed 
individually, and the results are shown in Table 14.2.

Regarding the carbohydrate content of six different foods, a total of 65.3% cor-
rect answers were found, although 197 students considered tomatoes to be rich in 
carbohydrates, while 198 gave the same answer for cereals; the majority (205 stu-
dents) correctly identified bread as a high carbohydrate food. In the protein cate-
gory, 64% of the answers were correct, but only 128 students correctly identified 
beans, while cod was considered by 93 students as containing low/no protein. Low 
scores were observed for fiber, i.e., only 30.5% of the answers were correct, and for 
calcium and potassium content (47.21% and 45.91% correct answers, respectively).

On the other hand, the finding of 63.8% correct answers about iron was encour-
aging. However, a deeper look showed that many students considered apples (67 
students) and honey (72 students) to be sources of iron. It was also encouraging that 
61.86% identified foods containing high amounts of salt (i.e., canned foods such as 
peas, tuna, and others), although 166 participants did not consider bread to contain 
added salt. Finally, the category of fats had the highest percentage of correct 
answers: 76.27%. Surprisingly, some 37 students did not consider salami as a fatty 
food; 32 students did not recognize butter as being fatty; while the same was true of 
59 students’ idea about mayonnaise. However, according to 102 students, jam was 
noted as a food rich in fat.

Questions 9–23 were true-false questions without a specific categorization, 
which resulted in both encouraging and disappointing findings, e.g.: 53.53% 
answered that “egg white has a high cholesterol content,” and 68.4% thought that “a 
high energy food is necessarily a fatty food.” Furthermore, 46.5% noted that “dairy 
products are a good source of iron,” while only 44.2% believed that “a variety of 
foods did not contain added salt.” Furthermore, about half (47.3%) did not know 
that “omega-3 and omega-6 are fatty acids,” and more than one-third (33.5%) did 
not know that “dried fruit is a good source of essential fatty acids.” However, a large 
percentage (72.9%) responded that “carrots are a good source of vitamin A,” that 

Table 14.2  Percentage of correct answers per nutritional component of different foods

Νutritional ingredient of 
various foods

% correct 
answers

Notable qualitative deviations from the correct 
answer (N participants: answer)

Carbohydrates 65.3 Tomato (197: rich in carbohydrates)
Proteins 64.0 Beans (141: low/no proteins)
Fats 76.27 Jam (102: rich in fat)
Fibers 30.5 Honey (170: rich in fibers)
NaCl (salt) 61.86 Bread (166: low/no salt)
Ca (calcium) 47.21 Turkey breast (118: rich in calcium)
Fe (iron) 63.8 Apple, honey (67/72 respectively: rich in Fe)
K (potassium) 45.91 Pasta (110: low/no potassium)
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“our bodies produce vitamin D through our skin directly from sunlight while we are 
outdoors” (72.1%), and that “canned products contain more salt than dried prod-
ucts” (71%).

The last six questions (24–29) dealt with nutrition and health issues. For the 
question as to whether “in obesity, diet plays an important role, while physical exer-
cise does not,” 77.7% answered correctly, while for the question as to whether an 
“unbalanced diet is the only risk factor for the development of cardiovascular dis-
eases,” the correct answers were found to be lower (59.48%). Finally, 58% noted 
that “in order to achieve a healthy weight loss, carbohydrates should not be removed 
from the diet.”

Regarding their sources of nutrition information, the Internet ranks first (62.1%), 
followed by parents (61.3%), by coaches (39.1%), and then by teachers and school 
nutrition programs, both with exactly the same percentage (33.5%). Friends, televi-
sion and extracurricular nutrition programs complete the main sources of informa-
tion, while many people noted that they have no knowledge of healthy eating. Also, 
several students noted other sources, such as a nutritionist, a pediatrician, and other 
specialists.

14.4 � Discussion

Through this research involving 269 Greek adolescent students, we found that their 
level of nutrition knowledge is only moderate. In fact, the aggregate number of cor-
rect answers to our research tool was only 57.3%, indicating that the number of 
students lacking nutrition knowledge is significant. Our findings are in line with 
those of other international studies, which also identify deficits in adolescent stu-
dents’ knowledge of nutrition issues. As mentioned above, studies in European 
countries, as well as in Asian and American countries (Barzegari et al., 2011; Mizia 
et al., 2021; Pirouznia, 2001; Sakamaki et al., 2005; Vaitkeviciute et al., 2015), have 
found that adolescent students are unaware of basic nutrition concepts.

In the present research, this is reflected through a limited number of correct 
answers on our research tool, leading us to identify what the distribution of the stu-
dents’ levels of successful (correct) answers was (Table 14.1). The analysis shows 
that 52.8% of the students managed to correctly answer up to 38 questions out of the 
63 in the questionnaire (i.e., 60% of possible correct answers). This means that a 
large number of the students have a very basic knowledge of nutrition issues. 
However, if we look at the percentage of students who achieved higher scores (i.e., 
>70%), then the percentage of students with a very basic knowledge of nutrition 
issues drops to 18.2%. In other words, only 49 out of the 269 students managed to 
correctly answer more than 45 of the 63 questions, while only 11 managed to cor-
rectly answer more than 50 questions. While we did not expect students to achieve 
a score of 100%, certainly a performance close to 50% by almost half of the partici-
pants cannot be considered satisfactory, as it indicates that there is a significant lack 
of nutrition knowledge.
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In addition to getting a first overview of the level of the students’ nutrition knowl-
edge, it was important for our purposes to identify the aggregate success rate of the 
participating students. As can be seen in Table 14.1, the majority of students (i.e., 
27.1 + 23.8 = 50.9%) are ranked in the 60–70% and 50–60% success ranges. This 
could be considered a positive sign in the sense that the majority of the students’ 
scores are not concentrated in lower ranges. However, if we observe the rates above 
70% and below 50%, we find that for <50% we have a population of 29%, while for 
>70% we have 18.2%, i.e., students who have insufficient nutrition knowledge out-
number those who have a higher level of knowledge. It is therefore clear that within 
the participating student population there are several students of different knowl-
edge levels. This certainly needs to be taken into account when designing an educa-
tional proposal on nutrition.

In order to further identify weaknesses and/or strengths in the students’ nutrition 
knowledge, an analysis of each question individually followed. Again, the results 
varied considerably, but it now became more apparent what the students know as 
absolutely basic knowledge, what possibly constitutes for them more specialized 
information about something they already know, or even what information they 
have previously not come into contact with. For example, the general and widely 
known categories of nutritional content were found to be more familiar to the stu-
dents, and therefore we observed relatively satisfactory rates of successful responses. 
In particular, carbohydrates, proteins, and fats were obviously within the students’ 
range of knowledge, so success rates relating to questions about these elements 
were roughly in the range of 64–76%. However, there were striking qualitative devi-
ations from the correct answers, as has been discussed in detail in Sect. 14.3.2 
above. Therefore, if we look at the general picture of what the students know about 
nutrition, we may be partially satisfied, but an in-depth look reveals the misconcep-
tions (or perhaps the ignorance) that exist among the students.

Furthermore, the variety of answers to the true-false questions ultimately shows 
once again that the adolescent students have fragmented knowledge about nutrition: 
They do know some things about vitamins (e.g., where we get vitamin A from, or 
how vitamin D is produced), but they assume that any food with a high calorific 
value is necessarily high in fat. Specifically, a number of the students (>2/3 of the 
participants) consider that “dried fruit is a good source of essential fatty acids”. If 
we combine this answer with the one about jam previously discussed, we would say 
it is likely that the students think that any food with a high calorific value includes 
fat. It is therefore possible that sugar and fat are not sufficiently distinguished by 
many of the students, who associate them with their high calorific yield and not with 
their other, substantive characteristics. If this is indeed the case, it could have dan-
gerous implications for their health.

Regarding the students’ answers in relation to nutrition-health issues, as repre-
sented by the last six questions of the research tool, we found that while many 
(77%) acknowledge that both poor nutrition and lack of exercise are responsible for 
obesity, fewer (59.5%) believe that the same is true for cardiovascular diseases. 
Therefore, according to the beliefs of the students, exercise is a habit to avoid obe-
sity rather than a habit that promotes health. Let us not forget, as previously 
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mentioned, it has already been found (WHO, 2018) that adolescent students (espe-
cially girls) resort to extreme diets, investing heavily in their physical appearance, 
which requires a slim body according to social norms; in addition to diet, exercise 
is considered as a way to achieve this. Cardiovascular diseases and their prevention 
are not among the students’ interests, so that their knowledge about these issues is 
more limited. Finally, it is worrying that 42% of the students believe that carbohy-
drates should be eliminated from their diet in order to lose weight. Obviously, this 
skewed view not only indicates a lack of knowledge, but also raises the alarm about 
possible health disorders that may arise in adolescents if they follow such practices.

It is also worth commenting on the fact that no particular gender differences were 
observed between the number of students who performed similarly, with the excep-
tion of the high percentages achieved by more girls than boys (in the sense of abso-
lute numbers rather than strict statistical tests, which are beyond the scope of this 
research). This slight predominance of girls is also confirmed in Pirouznia’s (2001) 
survey. However, what is noteworthy is the sources of nutrition information reported 
by the students: While parents come second after the Internet as a source of infor-
mation for the students, school and teachers come quite a bit later, although they 
should be a primary source. The students’ thirst for learning about nutrition is 
reflected by the Internet being first in the list of information providers. The gap that 
exists between the students’ level of nutrition knowledge and the school programs 
focusing on this is, therefore, evident. However, there are also several individual 
responses: “I looked it up myself,” “from my pediatrician,” “from a nutritionist,” “I 
looked it up while in quarantine,” and others.

All this suggests that while the students obviously would like and need to have 
more knowledge about nutrition, their sources of information can be fortuitous and 
possibly not always reliable. For example, although one would expect that the vast 
majority of the students would know that omega-3 and omega-6 are fatty acids, 
mainly because there is a daily bombardment of television advertisements featuring 
products enriched with these ingredients, in the end only about half (47.2%) were 
aware of this, even though television is among their sources of information.

It is noteworthy that even students who achieved high scores for their responses 
to the research tool noted, in addition to indicating their nutrition information 
sources, that “I have no knowledge of healthy eating.” This shows a lack of confi-
dence about what they know, and could even harbor a warning that they might have 
chosen answers randomly, which may need further investigation. The need not just 
for knowledge acquisition, but also for socio-scientific reasoning skills to be culti-
vated around similar issues is also reflected (Georgiou et al., 2020a, b; Maniatakou 
et al., 2020). At the same time, we must also consider the limited number of partici-
pants in the study, the results of which may indicate some trends in the Greek ado-
lescent students’ nutrition knowledge, but is not generalizable to the total population 
of Greek adolescent students.

As has already been mentioned, the present research is a first step in the subse-
quent construction of appropriate teaching tools in order for students to come into 
contact through education with concepts relating to nutrition more effectively. 
However, we believe that our findings are not limited to Greece: The lack of 
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knowledge about nutrition is an issue that reflects not only on the cognitive level of 
students, but also on health issues they may face as human beings due to eating 
habits. It is, therefore, important to conduct similar surveys and compare the results 
to identify possible patterns in the deficiencies that students may have. In this way, 
educational tools that transcend the borders of a single country and that can be 
shared and implemented in larger populations could be built/designed, with the first 
aim of improving personal nutrition knowledge, and the ultimate goal being the 
permanent adoption of desirable attitudes and habits.

In our study of Greek students, only one part of the questionnaire (i.e., general 
nutrition) was tested, and an in-depth analysis of the data was carried out, constitut-
ing the Greek context of students’ nutrition knowledge. It should be noted that the 
GeSNK questionnaire has already been tested for its validity and reliability by 
researchers in Spain (Manzano-Felipe et  al., 2022), Turkey (Gokensel Okta & 
Yildiz, 2021) and Romania (Putnoky et al., 2020), who created the Spanish, Turkish 
and Romanian versions of the GeSNK, respectively. In Spain it was found that 
59.1% of the respondents have a low level of knowledge, while similar findings 
were found in Turkey and Romania. In line with previous surveys (with other tools) 
described in Sect. 14.1.1 of this chapter, a lack of knowledge in this area has been 
confirmed. Additionally, the need to create appropriate educational tools is further 
intensified and their effectiveness can be tested even through comparative studies 
and collaboration of the research community.

14.5 � Conclusion

The present research was conducted to obtain a first picture of the level of nutrition 
knowledge of Greek adolescent students in order to prepare appropriate learning 
tools for nutrition concepts (e.g., educational games, treasure hunts, and other activ-
ities). The students’ responses to nutrition-related questions on the GeSNK research 
tool allowed us to identify areas in which the students had a lack of nutrition knowl-
edge, leading them to have misconceptions about food values and healthy eating 
habits. In fact, we found that it should not be assumed that any basic nutrition 
knowledge can be excluded on the grounds that it is already known to students, 
since our analysis identified students of different knowledge levels. The study also 
revealed that the students do not receive adequate nutrition information from their 
school program, but turn to other sources for information, some of which may not 
be valid or reliable. These findings will guide us in planning and implementing 
appropriate learning and teaching tools which will meet students’ needs.
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Chapter 15
Implementing Climate Change Education: 
The Role of Inter-sectorial Collaborations

Nofar Naugauker, Orit Ben-Zvi-Assaraf, Daphne Goldman, and Efrat Eilam

15.1 � Introduction

Climate Change (CC) is an existential threat confronting all global societies, natural 
ecosystems, and the fabric of life on Earth (Intergovernmental Panel on Climate 
Change [IPCC], 2020). Anthropogenic-led global CC is at a critical point, where 
natural forces in the climate system react to cause further warming. Weather and 
climate extremes have detrimental socio-economic and ecological impacts. The ris-
ing temperatures in the Eastern Mediterranean and Israel in the past few decades 
have already brought about significant damage through forest fires, ecological 
impairment, decimation of water resources and heat-related morbidity and mortal-
ity, especially among vulnerable populations (Yosef et al., 2020). It is widely agreed 
that pupils in today’s world need to be equipped with the appropriate knowledge, 
skills, values and attitudes, which will enable them to cope with the challenges CC 
poses in informed and responsible ways. Accordingly, education systems are 
expected to address these needs, by developing and implementing effective CC edu-
cational programs (UNESCO, 2017). The enormity of the threat and the crucial role 
of education in addressing it have been endorsed by numerous international and 
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regional bodies, who have been calling governments to boost Climate Change 
Education (CCE) within their curricula (UNESCO, 2021a, b).

Studies examining CC representation in the curriculum confirm that in most 
nations’ curricula CC is represented in Science and Geography (UNESCO, 2021a, 
b). However, a study by Dawson et al. (2022) that compared CC curricula of seven 
different countries revealed diverse approaches to curricular inclusion. These 
include the embedding of CC (i) under the concepts of “sustainability” or “environ-
mental literacy”; (ii) within one or few disciplinary subjects; or (iii) across many 
disciplinary subjects. Each approach has its challenges and limitations. 
Acknowledging CC as a distinct discipline has also emerged as an option (Eilam, 
2022). In Israel CCE is included in both Science and Technology (as a topic of 
“environmental literacy”) and in Geography (as a topic of “sustainable develop-
ment”), with more significant inclusion in Geography (Dawson et al., 2022). In the 
USA, the National Center for Science Education and the Texas Freedom Network 
Education Fund (2020), conducted a review of the quality of CC inclusion in the 
science curricula of 50 states. The review found that only 27 states earned a score of 
B+. The Next Generation Science Standards (NGSS), itself, earned only a B+ for 
their representation of CC (NGSS Lead States, 2013). However, the State of New 
Jersey is an exception. In June 2020, the State Board of Education adopted the 
“2020 New Jersey Student Learning Standards”, making New Jersey the first state 
in the USA to incorporate K–12 CCE across content areas (New Jersey Climate 
Change Education Hub, n.d.).

Various studies have directed attention to the important role of biology education 
in addressing key CC issues (Rushton & Walshe, 2022). CC impacts all levels of 
biological systems, from individual organisms to biomes, reducing the efficiency of 
ecosystem services (Bellard et al., 2012; Nunez et al., 2019; Zhou et al., 2020). CC 
has already begun to reduce the resilience of ecosystems, a necessary condition for 
species survival (Nunez et  al., 2019). CC has also been shown to decrease the 
genetic diversity of populations due to directional selection and rapid migration, 
which, in turn, could affect ecosystem functioning and resilience (Bellard et  al., 
2012). When considering biology education’s contribution to CCE, Rushton and 
Walshe (2022) suggested that beyond providing general CC knowledge and direct-
ing students to green jobs, biology education is particularly well positioned to 
address issues concerning biodiversity conservation and enhance students’ connec-
tion to nature, an important affective aspect of CCE.

From a policy level perspective, the development of CC curricula is recognized 
as a multi-stakeholder effort. International and regional bodies such as UNESCO 
and the European Commission highlight the important role that inter-sectorial col-
laborations play in promoting CCE in various subjects, including Science and 
Biology (European Commission, 2022; UNESCO 2021b). The European 
Commission (2022) applied a survey for examining the extent of collaborations 
between education and training institutes and the wider communities, in relation to 
environmental sustainability programs, including CCE. The findings suggest that 
this form of cross-sectorial collaborations is widespread, with 52% of respondents 
reporting on collaborations. The report emphasizes the importance of inter-sectorial 
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collaborations, noting that: “in the EU, there has been a growing emphasis on the 
benefits and potential of […] cross-sectoral partnerships between the public and 
private sector and/or civil society. A dedicated strand under the Erasmus+ pro-
gramme fosters cooperation among organisations and institutions and many proj-
ects have had a strong focus on cross-sector collaboration as a way to strengthen 
learning for environmental sustainability” (European Commission, 2022, p. 49).

In the UK, a Policy Exchange publication highlights the need for governments to 
take a mediating role in supporting cross-sectorial collaborations (Blake, 2014). 
UNESCO (2021a) further suggests that it is good practice when ministries collabo-
rate in advancing CCE, thus extending collaborations from the inter-sectorial to the 
intra-sectorial. Interestingly, data collected in the EU countries suggest that the 
nature of collaboration is impacted by the number of collaborators. When cross-
sectorial partnerships involve multiple stakeholders, the collaboration tends to 
become more embedded in the system and there is more resource-sharing. When the 
cross-sectorial collaboration involves only two partners, the focus tends to be 
project-based (Mulvik et  al., 2022). This observation resonates with Kwauk’s 
(2020) observations in the USA, suggesting that while dual-sectors grassroot col-
laborations between NGOs and the education sector are helpful in many ways, they 
are often isolated and overly dependent on individual pioneers or local advocacy. In 
Israel, it was found that inter-sectorial collaborations play a key role in adding value 
to policy implementation (Gali & Schechter, 2021). However, there is a lack of 
information regarding the value of such collaborations in relation to CCE.

Research thus far has given little attention to the perceptions of education policy 
makers and educators involved in developing and implementing CCE. More clarity 
is needed regarding the ways in which these key CCE actors respond to the interna-
tional and grassroot calls for enhancing the representation of CC in national curri-
cula and the ways in which they perceive and navigate inter-sectorial collaborations. 
Addressing this gap, our study utilizes a case study consisting of Israeli CCE policy 
makers and educators in order to understand some of the political “push and pulls”, 
professional considerations and key collaborations involved in including CC in the 
national curriculum. Overall, this study aims to give CCE makers a voice.

Research Objectives
The objectives of the study are to (i) analyze the perceptions of education policy-
makers and education professionals involved in implementing CCE; (ii) identify 
existing opportunities and challenges to effective implementation; and (iii) charac-
terize the inter-sectorial collaborations involved in CCE implementation.

15.2 � Methods

This case study focuses on examining the perceptions of policymakers in the Israel 
Ministry of Education (MoE), coordinators of middle school teachers’ professional 
development, and secondary school teachers who are currently active in CCE. This 
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study employs a qualitative-phenomenographic research approach to qualitatively 
map and explain the participants’ perceptions and interpretations of their lived 
experiences (Marton, 2005).

Semi-structured interviews were employed for the purpose of eliciting the par-
ticipants’ perspectives regarding a range of issues concerning CC curriculum devel-
opment and implementation, including their perceptions regarding how CC should 
be represented in the curriculum and how it is presently represented; enablers and 
inhibitors for implementing CCE, networking and collaborations in CCE. A total of 
17 participants gave their consent and were interviewed for the study. The partici-
pants represented three populations involved in CCE in the Israeli educa-
tional system:

Policymakers in the MoE (P). These included Chief Directors of subjects relevant to 
CCE who are responsible for overseeing all aspects related to the pedagogical 
content knowledge of their subjects, and Inspectors who are responsible for over-
seeing the compatibility between the formal curriculum and its teaching in 
schools.

Teacher professional development coordinators (D). This group included heads of 
teacher professional development (PD) courses, which provide in-service train-
ing for teachers. In Israel, in-service training is provided for teachers via several 
channels: designated regional PD centers managed directly by the Ministry of 
Education (termed ‘Pisga’), National Teacher Centers for Science & Technology 
(‘Malam’), and Master of Education programs which operate as a form of in-
service PD training for teachers within a master’s degree.

Secondary school teachers (T) in year levels 7–12. Five of the teachers also hold 
various leadership positions in the MoE, such as mentoring roles. Their disci-
plinary specialization ranges across science, geography and environmental sci-
ence. The teachers who participated in this study teach CC in their schools.

Some of the participants belong to more than one group. In these cases, the partici-
pants are coded by two letters, signifying their dual roles. For example, a policy-
maker who also performs an additional role as a professional development 
coordinator is coded PD.  Table  15.1 summarizes the number of participants 
per group.

Table 15.1  Participants by code role and number

Code Role
Number of 
participants

P Policymakers in the MoE 5
D Teacher professional development coordinators 3
T Secondary school teachers 4
PD Policymakers in the MoE + teacher professional development 

coordinators
1

PT Policymakers in the MoE + secondary school teachers 2
DT Teacher professional development coordinators + secondary 

school teachers
2

Total 17
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The data were analyzed thematically and inductively, creating themes and cate-
gories. Initial coding by the first author and subsequent coding by the other authors, 
with discussions and negotiation through an iterative process of revisiting the coded 
texts, led to forming seven main themes, of which four themes are discussed in this 
paper. These reflect the dominant aspects that emerged from the data and constitute 
the participants’ perceptions regarding CC education.

It is important to note that the data for this study were collected in late 2021. A 
short time after the completion of the data collection, the Israel MoE and the Israel 
Ministry of Environmental Protection jointly announced the mandating of CCE 
across the K-12 curriculum. This announcement was followed by CC curriculum 
reform. The findings of this study reflect the perceptions of the participants prior to 
the curriculum reform.

15.3 � Findings

The findings are organized by the four emerging themes reflecting the participants’ 
perceptions concerning: The importance of CC and the role of CCE; the scope of 
CC curriculum; challenges for effective implementation; and inter-sectorial collab-
orations in CCE. Appendix shows examples of citations of these themes. A detailed 
explanation of each theme, which includes citations, is provided in the following.

15.3.1 � The Importance of CC and the Roles of CCE

The participants expressed broad consensus regarding the urgency of CC as a threat 
and the importance of CCE. For example, a participant claimed that:

We all experience it, and it’s going to have consequences on our lives here in Israel. And 
from an ecological perspective, too, which is less interesting as far as the average person is 
concerned. But it’s there in the social, personal, and economic realms, too; our quality of 
life and well-being, our personal welfare, and health (D2).

This highlights a profound understanding of the urgency of CC, its current and 
future presence in our everyday life, and the pervasiveness of CC impacts across all 
human and non-human systems. Accordingly, there was wide agreement concern-
ing the need to educate about CC. A policy maker outlined her vision for what may 
be regarded as a CC-literate school graduate:

The ultimate goal is that every child has heard about the climate crisis. They understand the 
basis, the causes, the models, the scientific consensus, understand the nature of science, 
understand solutions, technological and non-technological, are able to offer their own solu-
tions, understand policy issues, and challenges […] and the impacts (P1).

One participant identified the various purposes that CCE serves, stating: “There are 
lots of reasons to educate these students both as the future generation who’ll be 
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doing research on these issues, also as citizens, and also as those who will be 
involved in the decision-making” (DT4). According to this perception, CCE served 
the purposes of educating for general CC literacy for everyday citizenry; preparing 
future researchers in CC; and cultivating the necessary mindset of future decision-
makers. This perception resonates well with Roberts’s (2007) scientific literacy 
types, similarly, conveying the idea that CC literacy is more than one conceptual 
construct.

15.3.2 � The Scope of CC Curriculum

In relation to the question of what needs to be included in CCE, there seemed to be 
wide agreement that the science foundation is important in CCE, however, not as a 
stand-alone, but alongside other aspects relevant to CC. For example, a policy maker 
stated that “Science must be there, social studies must be there, civics must be there, 
and economy. But all the time new things join in: geography, borders, migration, …” 
(P1). Most participants agreed that CC is multidisciplinary and that CCE needs to 
be taught across the curriculum. For example, a policy maker stated that:

I […] reiterate this to teachers and students, so they understand that CC is not a topic on its 
own. It is all around us. In physics, chemistry, biology, earth sciences […] I mean in every 
domain […] you can find how to connect the topic to CC (P4).

Similarly, a teacher noted that:

I would say to the students, ‘Notice which of the subject areas deals with global warming. 
Look at the subjects and make a list.’ And then I’ll say, ‘So, what’s the subject? Which 
experts discuss it?’ And then, all of a sudden, they realize it’s everywhere (T6).

Many of the participants highlighted the importance of integrating knowledge, 
skills, attitudes, values and student activism as well as student agency. For example, 
a policy maker who is also a teacher specified:

These are the three focal points that every student in Israel needs to know—the scientific 
knowledge, the impact on the environment and society, and at a more advanced stage, about 
the economy, too, and the solutions to the climate crisis, and what we, as students, can do 
in this regard (PT7).

The importance of values in CCE were also highlighted: “It’s not only because of 
the content but because of all the moral values that go with it” (DT5); “There are 
inherent values. Values toward the environment which we must commit to. Values 
of cultivation, reduced consumption, efficiency…commitment” (DP6). Finally, 
much emphasis was placed on behavioral acquisition and activism. For example, a 
teacher explained that CC “includes aspects of taking responsibility, action taking, 
and change. Even in personal life…. Education for sustainability and social justice, 
education for environmental activism…” (T1). Overall, the participants cast a broad 
scope for CCE.
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15.3.3 � Challenges for Effective CCE Implementation

The findings revealed various challenges to CC inclusion in the curriculum. The 
first relates to systemic change, where CC curriculum reform challenges the MoE at 
the system level. The second challenge relates to CCE epistemic ambiguity, and 
additionally, a challenge concerning the curriculum users’ experience.

From a policymaking perspective, the main challenge was described as mobiliz-
ing the system. A policymaker described MoE as a massive system that is hard to 
change from its present track; thus it tends toward conservatism. Curriculum reform 
in CCE requires more flexibility than the system naturally tends to offer. A policy 
maker equated MoE to a big ship: “Turning a big ship from its course takes time. It’s 
not a sailboat that can zip through the wind. But things are happening […] There’s 
a lot of determination, and you can also see things in writing that are under way” (P2).

Another potential barrier is the lack of clarity and agreement regarding CC epis-
temology and ways for its inclusion in the curriculum. For example, a policymaker 
explained the confusion that exists even at the terminology level:

It used to be called the Greenhouse Effect, then Global Warming [...]. Two years ago [it 
was] Climate Change. Last year, and this year, the expression has taken on a more urgent 
tone [climate crisis]. So, it’s not fair to ask us how come you’re not teaching it… and talk 
about a concept that’s essentially new and constantly changing (P1).

Concerning CC inclusion in the curriculum, the data revealed some tension among 
policymakers over ownership, where the Biology Curriculum specialist suggested 
that Biology is the curricular frame for CCE, stating that “climate change is Biology, 
only more general- global biology” (P2). Similarly, the Geography Curriculum spe-
cialist suggested that Geography needs to host CC, stating that “Geography is the 
core of climate change; climate is actually a geographical subject in its essence” (PT8).

The lack of conceptual agreements regarding the epistemology of CC poses a 
challenge for integrating the subject within the curricula. The fact that educational 
professionals responsible for the biology curriculum identify biology as an umbrella 
field for CCE has implications concerning the didactics of teaching CC within biol-
ogy education. Additionally, when taught within the framework of Geography, this 
may lead to the omission of aspects of CC concerning biological systems.

Importantly, various participants across the three groups suggested that CC is 
somewhat sidelined in the curriculum and does not receive sufficient attention and 
resources, suggesting that CC “gets mentioned, but it doesn’t get any major atten-
tion in teachers’ lessons. They can skim through it. They don’t have to delve into it” 
(DT5). The sidelining of CC poses a challenge from a curriculum user perspective, 
as it forms a barrier for educators who wish to devote more time in the curriculum 
to addressing CC, yet they are not supported to do so by the curriculum, and, con-
sequently, by the system.
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15.3.4 � Inter-sectorial Collaborations in CCE

The analysis revealed that the MoE is involved in inter-sectorial collaborations 
across three sectors, including: other governmental bodies, such as the Ministry of 
Environmental Protection (MoEP); Non-Governmental Organizations (NGOs); and 
the scientific and academic community. The relationships between these groups and 
the MoE are described below.

Other governmental bodies. Governmental bodies such as the Israel Meteorological 
Service, the MoEP, and the Electricity Company, collaborate with the MoE in 
diverse ways, including funding projects, developing educational resources and 
supporting their implementation. For example, a participant stated: “The MoEP 
is a great partner. They fund the MoE educational programs with 10 million NIS, 
supporting all the educational programs and a list of annual programs” (PD6). 
Analysis also revealed that while these collaborations are appreciated by the 
MoE, various tensions arise around policymaking ownership. For example, a 
participant described how a MoEP representative may “direct us: ‘Next year I 
want you to work on one, two, and three.’ How is this possible?” (P1).

Non-Government Organizations. A range of NGOs are active in developing 
resources and implementing CCE.  Some of their activities are funded by the 
MoE. They also play an important role in applying pressure on the Ministry to 
implement CCE and not procrastinate in this endeavor. A policymaker, who is 
also a teacher, explained “the topic of climate change is … a ‘hot’ topic that the 
Green organizations and social groups are extremely active in implementing. 
Sooner or later CCE will become imbued deep within the education system” 
(PT8). NGOs have the advantage of not being constrained by the formal curricu-
lum. While their contribution is appreciated, here too criticism arose regarding 
educational risks associated with NGOs imposing their agenda, and challenges 
arose regarding quality assurance, for example: “There are materials, but I will 
not say that they are sufficient, I will not say that experts have read them all and 
checked their scientific or pedagogical correctness” (D3).

The scientific and academic community. Strong and trusting relationships exist 
between the MoE and academic institutions and scientists. Policymakers trust 
the scientists’ views and seek their consultancy, for example: “It is very impor-
tant for me to be in touch with all the Green academicians, because they are 
going to help us identify the ‘moving target’ [metaphor for the issue of climate 
change]” (P1). Academicians not only have influence on shaping the curriculum, 
but they are also actively involved in the classroom implementation of 
CCE. Overall, the findings suggest a network of inter-sectorial collaborations. 
These collaborations are by no means simple. Policymakers describe their com-
plexity as mutually beneficial on one hand, yet the blurring of boundaries also 
involves the blurring of responsibilities and authority division between the 
sectors.
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15.4 � Discussion and Conclusions

This study provides insights into the perceptions of CC educators who are actively 
involved in policymaking and implementation in Israel. The findings reveal that at 
the time of the interviews, there was a broad consensus regarding the importance 
and the need for CC curriculum reform. These sentiments emphasize the impor-
tance of CCE in educating students to become change agents as part of the means 
for a deep social transformation toward sustainability, reflecting an environmental 
citizenship approach (Sarid & Goldman, 2021), in order to withstand CC calamities.

At the time of the data collection, CC was implemented in the Israeli curriculum 
mainly in secondary Science and Geography subjects. However, the study reveals a 
gap between the actual approach to implementation and what educators perceive as 
the best practice which is the cross curricular approach. Previous studies revealed 
similar gaps. The evidence suggests that while the cross-curriculum approach is 
highly advocated (e.g., European Commission, 2022; Mulvik et al., 2022; UNESCO, 
2021a, b), contrary to the prominent expectation, only scarcely do countries imple-
ment this approach in their curricula, and it rarely trickles down into implementa-
tion (European Commission, 2022; UNESCO, 2021b). In England, for example, 
CC in the national curriculum is confined to secondary Science and Geography 
subjects. However, like Israel, a study among teachers clearly showed the teachers’ 
preference toward the cross-curriculum implementation approach (Howard-Jones 
et al., 2021).

When considering the challenges for CCE curriculum development and imple-
mentation, epistemological vagueness seemed to act as a barrier. This epistemologi-
cal vagueness seems to permeate CC discourse at all levels. Vagueness concerning 
CC epistemology was also found in the State of Victoria Australia upper-secondary 
curriculum documents (Eilam et al., 2020).

Finally, this study contributes to shedding light on the under-researched aspect of 
inter-sectorial collaborations in CCE.  While previous literature has stressed the 
importance of such collaborations (Mulvik et al., 2022), thus far studies identifying 
and characterizing specific collaborations between Ministries of Education and 
other sectors in CCE are scarce. The present study identified three different sectors 
with which the MoE collaborates, and characterizes the nature of these collabora-
tions. The findings suggest complex relationships. On one hand they support the 
findings of Gali and Schechter (2021), by which Ministries in Israel acknowledge 
the contributions of inter-sectorial collaborations. On the other hand, these relation-
ships often come at a cost and are often difficult to navigate. The tension concerning 
authority or who decides what goes into the curriculum can also take the form of a 
struggle over who holds the authoritative knowledge. In the present study, policy-
makers expressed concerns that the quality of materials delivered in schools by the 
NGOs may not align with the Ministry’s standards and may suffer from inaccura-
cies. Here, the policymakers perceive themselves as bearing the responsibility for 
and authority over the quality of education delivered in their schools. Thus, it was 
revealed that the aspect of authority is not only a question of power of decision 
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making, but also a question of responsibility and authority regarding knowledge and 
best educational practice. Currently, worldwide, NGOs play a major role in CCE 
resources development and implementation (Mulvik et al., 2022). However, thus far 
little is known regarding the knowledge-authority relationships between the formal 
and informal education systems. This knowledge gap suggests that further research 
is required to develop deeper understanding concerning the knowledge-authority in 
the relationships between the formal and informal education sectors.

To conclude, by giving a voice to CCE policymakers and educators, this study 
provides a meaningful contribution to understanding some of the challenges 
involved in CCE policy development and implementation, and points out areas 
requiring further investigation. Particularly, it was found that more research is 
required to understand best practices for the inclusion of CC in the curriculum, and 
identify the scope of CCE and effective ways for implementation. In light of the 
current curriculum reform concerning CCE that occurred subsequent to this study, 
it is important to further explore how this reform influenced inter-sectorial collabo-
rations around CCE, as well as aspects concerning its implementation as perceived 
by the actors involved in its updated implementation.

�Appendix

Additional examples of citations for each theme

The importance of 
CC and the role of 
CCE

The scope of CC 
curriculum

Challenges for CCE 
effective 
implementation

Inter-sectorial 
collaborations in CCE

They witness 
destructive 
phenomena in some 
form or other almost 
every day, both near 
and far. There’s 
evidence almost 
daily. Climate 
change happens 
almost every day in 
every corner of the 
world, and the 
phenomena are 
getting to be more 
extreme (PT8)

We have five core 
[geography] topics that 
include: ecosystems and 
human-environmental 
interactions, water 
resources, air resources, 
waste from the 
resources, and noise and 
radiation. The climate 
crisis is a part of almost 
all of the core topics, 
except noise and 
radiation. That’s why it 
can be incorporated into 
any topic (PT7)

I don’t think they’ve 
defined any yet. And 
a committee has been 
set up on the subject, 
and it’s really a 
fledgling committee. 
But it’s expected to 
swing into high gear 
in geography and in 
the sciences, and also 
to set goals […]. As 
far as I know, it 
means that no 
objectives have been 
defined and set as yet 
by the Ministry of 
Education. It’s in the 
process [of 
happening] (PT8)

There are 
collaborations to boost 
this issue and also 
requests from them to 
collaborate; to work 
with students and with 
teachers. I mean that 
for their part, they 
often initiate in-service 
PD courses to 
consolidate the 
existing information 
and to get the teachers 
to take action (P4)

(continued)
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The importance of 
CC and the role of 
CCE

The scope of CC 
curriculum

Challenges for CCE 
effective 
implementation

Inter-sectorial 
collaborations in CCE

I think it’s mostly 
about how it’s 
connected. It’s 
something that’s 
happening around 
us, and it can’t be 
separated from our 
daily lives. And it’s 
our role as science 
teachers to connect 
it to what’s 
encountered on a 
daily basis, and to 
put it into a scientific 
context (T3)

I would like it to have 
more of a presence in the 
[science and technology] 
curriculum [...]. I agree 
that it hasn’t been 
proclaimed in any way. 
Teachers who are more 
involved can add their 
own input to the subject 
matter and link it to the 
climate crisis (P4)

I think this will entail 
a bigger job, because 
this subject doesn’t 
appear again in the 
curriculum in a 
structured form, with 
exercises and 
references, like there 
are in all the other 
subjects (T1)

Currently, outside of 
the ministry, there are 
a lot of well-
intentioned agencies 
that sometimes pull a 
little in other 
directions, but by and 
large, it’s possible to 
collaborate with them 
(P2)
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Chapter 16
From Curriculum to Enacted Teaching 
of Photosynthesis, the Carbon Cycle 
and Sustainability in an Upper Primary 
School Class

Lina Varg

16.1 � Introduction

A recent interview study indicated a lack of clarity in science teachers’ articulation 
of their work to offer opportunities for upper primary students (grades 4–6, age 
10–12) to practice reasoning (Varg et al., 2022). In addition, grade 6 science teach-
ers were found to view practical work as the most important aspect of science edu-
cation, while simultaneously implying that their teaching practices mainly consisted 
of whole-class discussions (Lidar et  al., 2019). These findings expose a need to 
further explore how upper primary school teachers’ views of important elements in 
science education influence their classroom teaching practices. If, for example, 
practical work or student reasoning are considered fundamental, how does this show 
in the classroom? A previous Australian case study of a secondary school science 
teacher enacting reformed curriculum to teach sustainability showed that rather than 
teaching according to his own convictions, his teaching was strongly influenced by 
the pressures caused by time constraints and external assessment (Tomas et  al., 
2022). These findings from secondary school science raise questions about how 
intentions or convictions and instruction relate to one another in upper primary 
school science. Teachers often spend considerable time constructing lesson plans to 
guide their teaching (Ziebell & Clarke, 2018). However, a recent U.S. case study 
suggests that many teachers devote excessive amounts of time to planning, while 
expert teachers tend to rely on different strategies, rather than strictly adhering to 
elaborate plans, to guide their teaching (Hatch & Clark, 2021). Examples of strate-
gies found in their study were the use of open-ended questions and encouraging 
students to elaborate on their answers. Whether teaching practices are enacted as 
planned, thereby providing opportunities for students to develop the intended 
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knowledge, is an interesting question. It is relevant to study teachers’ work and abil-
ity to select and use teaching strategies which enable students to develop according 
to intentions. The present case study of how one primary science teacher enacts her 
intention for students to practice reasoning around sustainability issues is a contri-
bution to research on the congruence between lesson plans and enacted teaching. 
Guiding the study were the following research questions:

–– How congruent are a primary school science teacher’s intentions and the imple-
mented teaching practices?

–– What factors impact the congruence between intentions and teaching practices?

16.1.1 � Background

A recent study suggested that teachers use different strategies when planning their 
teaching, such as consulting colleagues, strictly adhering to curriculum, or follow-
ing the textbook (Hatch & Clark, 2021). Regardless of the chosen path and resources 
used to plan, teachers’ ability to teach in ways that provide adequate opportunities 
for students to develop the intended knowledge might differ. Teachers governed by 
national syllabus are navigating a zone, or “space of tensionality” (Lewthwaite 
et al., 2014), between the intended and enacted curriculum. There is a widespread 
belief that congruence between intended and enacted curriculum is crucial for 
reaching educational goals (Pepin et al., 2013; Ziebell & Clarke, 2018). However, 
the factors impacting this congruence likely vary among different teachers and con-
texts. Therefore, the need to study possible factors was emphasized as an important 
step to enable a reduction or elimination of their impact (Tobin et al., 1998). Findings 
from a case study of a secondary school science teacher show that as he worked to 
plan and implement a new curriculum on sustainable development, he experienced 
a narrowing of the space of tensionality, which manifested in feelings of reduced 
autonomy (Tomas et al., 2022). The teacher further identified the two main factors 
impacting the congruence as time constraints and the need to cover curricular con-
tent to prepare students for an external assessment (Tomas et al., 2022).

Alignment studies researching the congruence between intended, enacted and 
assessed curricula are quite common, while studies looking closer at the planning 
processes and influencing factors are rarer (Hatch & Clark, 2021; Ziebell & Clarke, 
2018). There are several models for looking at alignment. Porter (2004) proposed 
four levels of curricula that could be compared: intended, enacted, assessed and 
learned. However, studying different levels of curricula are bound to produce differ-
ent results concerning degrees of alignment. For example, using Webb’s (1997) 
model, which assumes that if standards and assessment align, the instruction must 
be aligned with the curricula, means restricting the view to include only the intended 
and assessed curricula, while excluding the enacted and learned curricula. Such a 
view possibly overlooks key details in the teacher’s process to reconceptualize 
intended curricula into teaching practices. Nevertheless, most studies focusing on 
the relationships between curricula standards and assessment point to a poor 
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alignment (Ziebell & Clarke, 2018). Ziebell and Clarke’s (2018) comparative case 
study included a closer look at the underlying reconceptualization processes. They 
used categories to explore the types of performances that were explicit throughout 
curricula, instruction, and assessment to identify promoted performance types. A 
deeper understanding of teachers’ transformation of curricula into efficient teaching 
is important to identify where there is potential for implementing development 
efforts. Research on what impacts the congruence between lesson plans, as a teach-
er’s interpretation of the intended curricula, and the opportunities offered through 
teaching practices has received less attention (Tobin et  al., 1998). Reaching an 
understanding of the planning and how the plans are enacted through teaching 
requires an insight into the perspective of the teacher responsible for the enacted 
curricula, rather than an exclusive reliance on assessment data. This study presents 
an attempt to get a broad sense by following one upper primary science teacher as 
she moves from the national science syllabus, via her selection and interpretation of 
it in the form of teaching unit and lesson planning, and finally in her implementation 
of certain teaching practices in her grade 6 classroom.

16.2 � Research Design and Method

To deeply explore and understand how one science teacher reconceptualized and 
enacted the intended curriculum, an intrinsic case study was conducted (Stake, 
1995). This is the case of one science teacher who interprets curricula, plans lessons 
and teaches in an upper primary school class. As a single case, the aim is not to 
produce generalizable results. Rather, it provides an example of how various factors 
impact the congruence between this upper primary science teacher’s intentions and 
teaching practices. The results, in full or in part, could be used and transferred to 
inform or enrich research and practice. Data were gathered from teacher interviews, 
documents, and classroom observations. The following sections contain descrip-
tions of the participant, the data gathering process and the analytical approach.

16.2.1 � Participants and Setting

The search for a participating teacher for this study was initiated by an e-mail sent 
to a group of 14 upper primary school science teachers who had previously partici-
pated in an interview study (Varg et al., 2022). Anna, which is used as a pseudonym 
for the teacher in this paper, was planning to teach a teaching unit of suitable length 
and timing. Therefore, she was asked and accepted to participate. Although this is a 
convenience sample, Anna did not stand out as significantly different in her approach 
to teaching science compared to other teachers who participated in the aforemen-
tioned interview study (Varg et al., 2022). She had worked at the present small-town 
school since graduating as a certified grade 4–6 science teacher 3 years earlier. The 
observations were conducted in a grade 6 class, whose 22 students Anna had taught 
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science since the fourth grade. She described the class as well-functioning and 
noted that although there were many students with special needs, she and her col-
league had worked hard to support the students’ improved work effort over the past 
two and a half years. A letter, containing information about the purpose and design 
of the study, as well as their rights as participants (Swedish Research Council, 
2017), was provided to all participants. The students’ parents and Anna also signed 
a consent form.

The observed teaching unit, called ‘Substances around us’, was an integrated 
science topic revolving around for example the carbon cycle, combustion and pho-
tosynthesis, human exploitation of natural resources, and human impact on climate 
change. The lesson content was varied and an overview of one example lesson is 
provided in Table 16.3. In terms of coverage of the national science syllabus, the 
subject matter was comprehensive, providing opportunities for different teaching 
practices. The inclusion of topics, ranging from a submicroscopic to a macroscopic 
perspective, meant that students had to grasp challenging content (Sirhan, 2007) and 
this rendered the teaching unit suitable for the study purposes.

16.2.2 � Gathering Data

This paper focuses on one aim of the Swedish national science syllabus namely that 
students practice and develop the ability to search for and evaluate information, 
communicate, and take a stand on environmental issues. The choice to look closer 
at this aim was validated by Anna’s indication that student reasoning was prioritized 
in the current teaching unit. Data was gathered from multiple sources during 
7  weeks. Semi-structured teacher interviews (Kvale, 1997), documents (national 
syllabus, Anna’s planning documents), and lesson observations enabled the analysis 
of Anna’s transformation of content through the different stages, from curriculum 
through planning and finally as enacted teaching practices (shown in Fig. 16.1).

Anna initiated the planning process by copying pertinent excerpts from the syl-
labus text and pasting them in a document she called a local pedagogic plan (LPP). 
LPP offers a planning structure used to transform vague syllabus text into more 
explicit and tangible teaching methods. Anna’s LPP included general objectives, 
subject content, and competences for students to develop throughout the teaching 
unit, as these were formulated in the science syllabus (The Swedish National 
Agency for Education, 2018). Anna organized the plan into separate lessons and 

Curriculum
(Science syllabus)

Planning
(Planning documents 

and teacher 
interviews)

Teaching prac�ces
(Lesson transcripts 

and observa�on 
notes)

Fig. 16.1  Stages and respective data gathered at each stage
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included her interpreted and clarified objectives, teaching activities, assessment 
methods and knowledge requirements. An example of one transformed lesson plan 
is provided in Table 16.3.

Two teacher interviews were conducted. The purpose of interview 1, conducted 
before the observation period, was to gain insights into Anna’s plans and intentions 
for the teaching unit. The interview questions focused on the teaching unit, Anna’s 
teaching objectives, and her routines for planning science teaching. The second 
interview took place 3/4 into the teaching unit. It was designed to provide insights 
into Anna’s thoughts on science teaching and views on student learning develop-
ment as the teaching unit progressed. The questions explored whether the observed 
teaching matched Anna’s typical teaching, her perception of the congruence between 
her intentions and instruction, her rationale for determining lesson objectives, and 
methods for student assessment. The interviews lasted 28 and 42 min, respectively. 
They were audio-recorded and transcribed verbatim, resulting in 15 pages of 
transcripts.

During the seven-week teaching unit, one of two lessons per week was observed 
to enable a comparison between Anna’s intentions, as expressed in planning docu-
ments and interviews, and her actual teaching. The lessons were audio-recorded and 
the verbatim transcripts were combined with written observational notes resulting 
in approximately 60 pages of narrative records. The observations were conducted to 
provide data which would enable an exploration of how Anna’s initial intentions 
were transformed into classroom teaching.

16.2.3 � Analysis

Data analysis consisted of two parts. The first part was a content analysis 
(Krippendorff, 2019) comparing all the data to determine what types of learning 
categories were promoted at the different stages of the transformation. Five selected 
learning categories that students could be expected to develop in science were used 
(Table 16.1). The first and last categories originate from Webb’s (1997) depth of 
knowledge levels and the middle three are performance type categories developed 
by Ziebell et al. (2017). From the textual data (curriculum, planning documents, 
interview transcripts, and lesson narratives), units which appeared to promote one 
of the five learning categories were extracted. For example, a lesson objective for-
mulated in planning documents as “To be able to talk about the carbon cycle, and 
human impact on it” was categorized as Recall and Reproduction (RR), while “I 
really want to focus on reasoning, talking and discussing questions…” (pre-
interview) was categorized as Reasoning. Since Anna used text copied from the 
syllabus and placed this in a column next to her own interpretations of syllabus text, 
the parts of the syllabus intended to be taught and learned during each lesson were 
easily identified in her plan. The abstracted text units were summarized and rough 
proportions were estimated to provide an overview of the extent to which each 
learning category was promoted at each stage. This resulted in a figure (Fig. 16.2), 
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Table 16.1  Learning categories

Learning categories Description
aRecall and 
reproduction (RR)

Students reproduce previously taught content.

Performing Students reproduce previously taught methods or procedures.
Communicating Students describe, discuss, and represent concepts, use models and 

diagram.
Reasoning Students draw conclusions, test hypotheses, make judgements and 

generalizations.
aExtended thinking Students use higher order thinking processes such as synthesis, reflection, 

assessment and adjustment of plans over time to solve real-world 
problems with unpredictable outcomes.

Adapted from Webba (1997) and Ziebell et al. (2017)

Fig. 16.2  Occurrence of learning categories in different stages over time (visualization)

which should be considered a visualization of the analysis results, rather than a 
statistical diagram.

The second part of the analysis consisted of an inductive thematic analysis (Guest 
et al., 2012) of the interview transcripts from the two teacher interviews. These were 
read several times in an attempt to capture Anna’s views of and experiences from 
teaching science, resulting in the key themes: Intentions for teaching the topic, 
Planning processes, and Factors impacting level of congruence with accompanying 
codes (Table 16.2). Excerpts relating to these themes were organized and compared. 
Some example quotes are presented in Table 16.2, as well as Table 16.3. An impor-
tant aspect to address here is the concept of “intentions”. The intended curriculum 
usually refers to the “curriculum-as-written” and teachers do not always agree with 
curricular intent (Lewthwaite et  al., 2014). However, Anna expressed a clear 
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Table 16.3  Empirical example: Reasoning

Lesson objective 
(syllabus)

Clarified 
objective 
(Anna)

Planned 
activity Interview 1

Enacted 
activity Interview 2

“… use 
knowledge of 
biology to 
examine 
information, 
communicate, and 
take a stand on 
questions (e.g. 
natural resource 
use and 
ecological 
sustainability).”

Photosynthesis, 
combustion, and 
some other 
basic reactions.

Conversation 
and 
discussion 
about human 
impact on the 
climate.

“I want to 
focus on 
students 
discussing 
and 
reasoning a 
lot. Do more 
conversation 
exercises than 
we’ve done 
previously.”

aSee 
excerpt 
below 
from 
discussion 
on use of 
energy.

“About 
human 
impact […] it 
turned out 
very brief 
[…] I’m 
thinking we 
could have 
discussed it 
a lot deeper. 
Like what, 
how can we 
change our 
use of these 
fossil fuels 
for example.”

Fossil fuels and 
renewable fuels. 
Their 
significance for 
energy use and 
impact on 
climate.

(continued)

Table 16.2  Themes and codes from interview data

Themes Codes Example quotes

Intentions for 
teaching the 
topic

Recall and 
reproduction 
(RR)

“What is good [about filling in worksheets together in 
whole-class settings] is that I feel like the whole class is with 
me. When you [fill in worksheets together, the students] 
really focus on the white board. Drawing, writing, following 
along. It feels like a guarantee that everybody finishes it.” 
(RR, Interview 2) “[The students] will grow up and live with 
[ideas of sustainable development] and therefore it’s 
important to be able to take a stand, communicate, 
information. It’s important. They need to learn and take a 
stand.” (Reasoning, Interview 2)

Performing
Communicating
Reasoning
Extended thinking

Planning 
processes

Use of science 
syllabi

“I usually create an LPP and I select [from syllabi] the skills 
that the students will get to practice, and the content, I mean 
what is in line with the chapter that we will work on.” (Use 
of science syllabi, Interview 1)

Assessment

Factors 
impacting 
level of 
congruence

Stress “I’m ‘locked in’ during class and that makes it hard, I mean 
if I said [in the beginning of class] that we will get to the 
questions, I really want to get to the questions now, let’s go 
now.” (Stress, Interview 2)

Notion of 
repetitive nature 
of science 
education
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agreement with the syllabus objectives. Therefore intentions, in this case study, 
refer to syllabus intentions, which seemed to be fully adopted by Anna.

16.3 � Results

Results are presented in two parts, one stemming from each type of analysis. The 
content analysis of all data sources highlights the degree of promotion of the five 
learning categories (Table 16.1) in different stages of the transformation process 
from intentions to teaching. An empirical example of how Reasoning was approached 
in planning and teaching is included to enrich these results. In addition, results from 
the inductive thematic analysis of interview data are used to present Anna’s percep-
tion of how her intentions and teaching practices match and what factors impact the 
level of congruence.

16.3.1 � Promoted Performances – Content Analysis

All five learning categories were represented in Anna’s planning documents. 
Figure 16.2 shows a rough estimate of the proportion of the five categories as they 
appeared over time, from selecting syllabus text through planning, teaching and 
finally assessment. The syllabus text that Anna drew from was slightly dominated 
by Reasoning, while RR was more emphasized after the transformation of syllabus 
text into clarified objectives. All learning categories resurfaced among the planned 

aThe following episode comes from the example lesson. During one of the reasoning sessions that 
took place between the readings, one student suggested using electricity instead of fossil fuels to 
reduce our impact on climate change, and the suggestion resulted in the following interaction (A 
Anna, S Students)
A: “What is so good about electricity then? How can we make electricity? In what 2. ways 
can we get electricity? How is [it] produced?”
S1: “Hydropower.”
A: “Hydropower, exactly.”
S2: “Wind power.”
A: “Wind power. S3?”
S3: “The sun.”
A: “And solar energy, that’s right […] Absolutely, that was a good suggestion. […] Can you 
think of anything else? What other ways can we think of so that we don’t have to emit as 
much carbon dioxide?”
S4: “Reduce the demand for energy.”
A: “Yes, and how can we do that? Do you have any suggestion for how we could 13. reduce it?”
S4: “Perhaps, like, I don’t know. Use cell phones and such things less.”
A: “So you can reduce your use of energy, exactly, and electricity and such. Absolutely. Now 
let’s look at this picture…”

Table 16.3  (continued)
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activities. In interview 1, Anna mentioned RR more frequently than the other cate-
gories, however, she emphasized Reasoning as the main intention for the teaching 
unit. During instruction, RR was most prominent in the classroom, while opportuni-
ties for students to practice Communicating and Reasoning were less common. The 
two categories Performing and Extended thinking remained invisible in the class-
room throughout the observation period. Final assessment of students’ knowledge 
consisted of a written test asking them to define terms and concepts from a list, 
which exclusively engaged students in RR.

The empirical example presented next serves to deepen the understanding of how 
Reasoning was represented in the planning documents, Anna’s expressed intentions 
(interview), and the classroom teaching. The example reports on a lesson that had 
slightly varied objectives, depending on where these were found (see Table 16.3 for 
a summary), which was not uncommon. The syllabus objective was that students 
should learn to “use knowledge of biology to examine information, communicate, 
and take a stand on questions (e.g. natural resource use)”. Anna shifted focus when 
transforming the syllabus objective into a clarified objective, which instead listed 
factual content such as photosynthesis, combustion, fossil fuels and their signifi-
cance for energy use and climate impact. During the enacted lesson, Anna explicitly 
told the class, and wrote on the whiteboard, that the lesson objective was that the 
students would become “familiar with the concept of the carbon cycle and know a 
little about the processes of the carbon cycle” (Anna, lesson 3 transcript). The activ-
ity involved students taking turns to read aloud from the textbook about the carbon 
cycle. This was followed by short sessions where students summarized and drew 
conclusions from the readings. The learning category Reasoning was strongly 
emphasized in the selected syllabus text, but less emphasized after the transforma-
tion into the clarified syllabus and presentation of objective to the class. In interview 
1, reasoning was highlighted as a main intention for the teaching unit. However, as 
the lesson transcript below shows, questions with the potential to engage students in 
Reasoning were often reformulated into questions of RR character during interac-
tions. The interactions seen in the transcript were not unique among the observed 
lessons, but is rather representative of an overall pattern. In interview 2, Anna 
addressed this lack of student engagement in Reasoning, as described in the section 
on inductive thematic analysis below.

Anna initiated the interactive sequence with an open-ended question with the 
potential to promote Reasoning (row 1), but quickly changed it into questions which 
induced RR-answers (rows 1–6). In rows 12–13, another open-ended question was 
asked and one student provided an answer of possible Reasoning character. Rather 
than allowing students to question or build on this and practice Reasoning about 
why and how to reduce energy demand, Anna wrapped things up with a short recap 
(rows 15–16) and moved on. In short, there were opportunities to engage students 
in Reasoning, but for some reason Anna adjusted the questions and rephrased them 
as RR-questions instead. In interview 2 she reflected upon this and acknowledged 
that “we could have discussed it a lot deeper” (Table 16.3).
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16.3.2 � Impacting Factors – Inductive Thematic Analysis

Anna implied in the first interview that “there are always changes” in school and 
this seven-week teaching unit was no exception. Anna’s planned activities included 
two conversation exercises specifically intended for students to practice and develop 
their Reasoning. However, none of these exercises were conducted due to changes 
in the schedule implemented to accommodate a mandatory national Swedish test 
and a field day. Changes like these are inevitable in schools, and when faced with 
the task of prioritizing which activities to reduce, Anna chose to omit Reasoning 
rather than RR.

One factor that had an impact on the congruence between intentions and teach-
ing, and which surfaced in the interviews, was stress. Anna identified the vast core 
content and time constraints as the main sources of stress. For example, when asked 
why they rushed through complex questions and/or answers during class discussion, 
Anna replied: “You have to move on, move on, move on. Like, ‘well good that I got 
an answer’ and then you move on” in order to cover the content that needs to fit into 
the teaching unit. Another factor causing incongruence which was identified in the 
interviews was a reassuring sense of repetitiveness. Anna expressed a notion of sci-
ence as a subject that contains a lot of repetition for students during their compul-
sory schooling. This underpinned a sense of calm that rested on the assurance that 
students would practice and develop their Reasoning skills in secondary school, if 
not in upper primary school. For example, she said that “[s]ome things come back 
all the time, for example sustainable development”, implying that if the students 
don’t grasp the concepts the first time around, there will be more opportunities as 
they progress through school. On the other hand, Anna indicated that she felt uncer-
tain about what students were expected to know before entering secondary school 
science. She talked about preparing students by encouraging them to independently 
search for answers to questions in texts, an activity that primarily requires 
skills in RR.

While the observation results support the interview findings regarding the time 
limitation of science lessons, they show that most of the lesson time is spent on 
teaching practices aimed at students learning to recall and reproduce scientific terms 
and concepts. An example comes from the transcript above, where open-ended 
questions were replaced with recall questions, and student reasoning was acknowl-
edged, but not further elaborated. Anna suggested that students need “some knowl-
edge about how things work too, to be able to take a stand. They need some 
background, I mean some knowledge”. Another example was prioritizing teaching 
terms and concepts while omitting Reasoning exercises to make room for extracur-
ricular activities. In summary, while the basis for Anna’s LPP was copied from the 
science syllabus and thereby showed great congruence, the emphasized learning 
category Reasoning was excluded both from the clarified syllabus and the objectives 
presented to the class.

L. Varg
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16.4 � Discussion

In this study, it was found that Anna’s main intention to offer opportunities for stu-
dents to engage in Reasoning about subject matter such as photosynthesis, the car-
bon cycle, and human impact on climate were not efficiently transformed into 
enacted teaching practices. This resembles the finding from the study of a secondary 
school science teacher who, despite having “positive dispositions towards and 
knowledge of ESD”, was not able to “make ESD happen” (Tomas et  al., 2022, 
p. 11). There were opportunities for Reasoning through Anna’s open-ended ques-
tions in class. However, the rephrasing of these into RR-eliciting questions suggests 
that factual content was more prioritized and this notion is further supported by the 
fact that when lesson time was devoted to extracurricular activities, the lessons 
revolving primarily around Reasoning were omitted, while those centered on RR 
remained. This may relate to the results of a previous interview study, which indi-
cated that the most influential teacher role in primary school science is that of “The 
Encyclopaedia”, whose objective is to share established scientific facts, theories, 
and concepts (Varg et al., 2022). It may also be a sign of the reduced teacher auton-
omy experienced by the teacher in Tomas et al. (2022) who struggled to cover all 
factual content of the teaching unit, ultimately at the expense of ESD. The space of 
tensionality (Lewthwaite et al., 2014) appears to allow mainly concrete factual con-
tent to seep through into the clarified syllabus and the enacted teaching. Regardless 
of whether the activities focused on scientific models such as the carbon cycle or 
more complex issues such as ESD, Anna hustled to cover factual content to prepare 
her students for secondary school science. Such a stance is a natural consequence of 
the “standardized accountable environment” that is encouraged within the current 
educational discourses (Ryan & Bourke, 2013, p. 412). In this case study, the first 
transformation occurred right at the beginning of the planning process, when sylla-
bus text referring to Reasoning was filtered out while RR dominated Anna’s clarified 
syllabus. The learning category Reasoning seemed more difficult to transform into 
clear objectives than RR. Understandably, one possible reason for Anna’s prefer-
ence for RR is that she was a new teacher and possibly relied on the textbook, which 
essentially offered content suitable for memorization.

Anna identified two main reasons for the lack of congruence between the 
intended and enacted curriculum. In addition to the stress caused by the extensive 
subject matter (as discussed above), Anna expressed a sense of relief in knowing 
that different learning categories are constantly reappearing throughout compulsory 
school science education. She expected that if students did not develop proper rea-
soning skills in upper primary school, they would be able to do so in secondary 
school. At the same time, she expressed an uncertainty about what was expected of 
the students when they entered secondary school science. This is similar to what the 
teacher in Tomas et al. (2022) experienced when considering what the mandatory 
tests would examine. The observations made it possible to draw some alternate, or 
complementary, conclusions about the lack of congruence. Although time was a 
limiting factor in this case, where science lessons were relatively few and short, 
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most of the instruction and all assessment was focused on students being trained to 
recall and reproduce science facts. Was there a lack of access to suitable teaching 
strategies to encourage classroom talk of Reasoning character or was this emphasis 
on RR a sign of strong academic traditions defining upper primary science (Lidar 
et al., 2019). Teaching strategies have been found among expert teachers, who resort 
to these instead of careful lesson planning (Hatch & Clark, 2021). Although Anna 
asked open-ended questions, her habit of asking several questions in a row resulted 
in students answering the last ones which tended to be phrased as RR-questions. Her 
planning documents were ambitious and elaborate, but ultimately, and as indicated 
by Anna (Table 16.2), the lesson plan may have presented an obstacle rather than a 
tool in her attempts to realize the intention for students to practice and develop 
Reasoning abilities as she hurried to cover factual content instead.

This case study, although small and including only one teacher in one classroom, 
makes an important contribution to inform researchers, teachers and teacher educa-
tors about potential pitfalls to consider during the transformation of intentions into 
teaching. This may apply particularly to less established content, such as sustain-
able development and higher order learning categories, like Reasoning. This is 
because their positions within science educational culture are not as pronounced as 
traditional subject content, which is well promoted in both curriculum and text-
books, and which tends to elicit RR (van Eijck & Roth, 2013). Teacher education 
and professional development efforts could benefit from using these study results to 
support pre- and in-service teachers, not only in their development of teaching strat-
egies that promote students’ reasoning, but also in their efforts to navigate, interpret 
and transform science syllabi within the space of tensionality. This could help to 
strengthen teachers’ reflexivity and increase their agency, thereby giving them the 
autonomy needed to handle constant changes in the context and/or culture within 
which they work.
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Chapter 17
Primary Students’ Visions Regarding 
Environmental Factors Influencing 
Biodiversity in Specific Environments

Chadia Rammou, Arnau Amat, Isabel Jiménez-Bargalló, and Jordi Martí

17.1 � Introduction

In this chapter we present and discuss which factors primary students take into 
account when they think of the biodiversity of particular environments. This study 
is part of a larger research project with the main goal of understanding how primary 
students conceptualize biodiversity, the main factors of biodiversity loss and which 
collective and individual actions could promote an improvement of biodiversity. 
Specifically, our research questions are: Which factors do primary school children 
take into account when we discuss the biodiversity of a particular environment? and 
What kind of factors do they consider as biodiversity enhancers or limiters?

Furthermore, this study is framed in an educational innovation project called 
Patis Biodivers, with two major goals. On the one hand, it endeavours to promote 
processes of authentic inquiry practices among kindergarten, primary and second-
ary students, such as: collecting empirical data of their schoolyard, drawing conclu-
sions, and promoting actions to improve the diversity of the species. On the other 
hand, it aims to use this empirical data from schoolyards to do scientific research. 
Last year, in a pilot project, the materials of the project were created collaboratively 
from an interdisciplinary team of researchers from the authors’ university, with the 
support of more than 40 teachers, from 13 different primary and high schools.

C. Rammou (*) · A. Amat (*) · I. Jiménez-Bargalló (*) · J. Martí (*) 
Universitat de Vic – Universitat Central de Catalunya, Barcelona, Spain
e-mail: chadia.rammou@uvic.cat; arnau.amat@uvic.cat; isabel.jimenez@uvic.cat; 
jordi.marti@uvic.cat

© The Author(s) 2024
K. Korfiatis et al. (eds.), Shaping the Future of Biological Education Research, 
Contributions from Biology Education Research, 
https://doi.org/10.1007/978-3-031-44792-1_17

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-44792-1_17&domain=pdf
mailto:chadia.rammou@uvic.cat
mailto:arnau.amat@uvic.cat
mailto:isabel.jimenez@uvic.cat
mailto:jordi.marti@uvic.cat
mailto:jordi.marti@uvic.cat
https://doi.org/10.1007/978-3-031-44792-1_17


234

17.2 � Rationale Behind the Research

After the United Nations Decade on Biodiversity (2011–2020), the Convention on 
Biological Diversity published a first draft framing the Post-2020 Global Biodiversity 
Strategy. The document, which is aligned with 2030 Sustainable Development 
Goals, sets out a plan to implement numerous actions to transform society’s rela-
tionship with biodiversity (Convention on Biological Diversity, 2021).

In this respect, learning about biodiversity is seen as a key element of this strategy, 
which is based on four main arguments: (a) emotional, creating personal meanings 
through discovery and experiencing biodiversity; (b) ecological, understanding the 
global interdependencies between the different elements of the ecosystem; (c) ethical, 
dealing with values and taking a moral stance on environmental issues; (d) political, 
making choices and developing action competence (Van Weelie & Wals, 2002).

Thus, learning about biodiversity is not only related to learning facts from differ-
ent sources of information, but also it should be regarded as experiential learning, 
involving participants in a community, hands-on activities, and contact with nature. 
For this reason, Patis Biodivers focuses on how to help teachers to sustain authentic 
inquiry to learn about biodiversity. According to Afkin and Black (2003), authentic 
scientific inquiry involves “doing science” resembling the actual practice of scien-
tific communities. Roth and Lee (2004) also pointed out that authentic inquiry in 
school settings ought to be motivated by the same goals within the scientific or local 
community where the inquiry is taking place.

Understanding the environmental factors influencing biodiversity is crucial to pro-
moting informed actions for its preservation. In this respect, in a previous study where 
primary students were asked to consider niche variables to estimate the likelihood that 
wolf populations become established in the Pyrenees, the results showed that 10-to 
11-year-old students only took into account few variables (Jiménez et  al., 2023). 
Before any kind of instruction, primary students considered shelter and water as the 
most important abiotic factors, while availability of primary consumers was seen as 
the key biotic element. Anthropic factors were also considered by students, thus con-
templating how human beings could disturb a wolf population settlement. The study 
reports sophistication of students’ ideas after three weeks of engagement in an authen-
tic inquiry project, therefore demonstrating the potential of this kind of instruction.

As reported by Kilinc et al. (2013), the students pointed to some human factors 
as one of the main factors in the loss of biodiversity, whether through hunting or 
through the imbalance of nature. However, vegetation is mentioned as an enhancer 
of biodiversity. In their study, 245 students were interviewed with the aim of identi-
fying students’ conceptions of biodiversity loss.

Moreover, regarding how young children make sense of the living beings, it is 
important to highlight personification as a common thinking strategy. According to 
Inagaki and Hatano (2002), when children do not have enough knowledge of a par-
ticular animate object, they tend to construct an explanation using the person anal-
ogy in a constrained way. As children are familiar with humans they use this 
knowledge as the source to predict the reactions of less familiar animate objects.
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17.3 � Methodology

This study is situated within the frame of an interpretative paradigm, since its aim is 
to show how primary students consider factors to explain biodiversity in specific 
environments. In this way, the main objective is explored through the use of differ-
ent questions that start from the subjective experiences of the students.

In this study, data was obtained from 49 primary school students (8–12 years 
old), from three urban schools which participated in the Patis Biodivers project. For 
students participating in the study it was the first time that they were conducting 
inquiries and learning about biodiversity. Each school decided to carry out a biodi-
versity inquiry of one group of living beings according to their curriculum require-
ments. Two of these schools worked on birds, while the other one worked on 
invertebrates. Just before starting the inquiry-based learning project with the chil-
dren, 13 focus groups, with the participation of four or five children for each group, 
were conducted to collect data regarding the aim of the research. One of the main 
aims was to identify the key factors that children mention constraining or promoting 
the biodiversity of specific environments. The same focus group also aimed to iden-
tify children’s perceptions of the definition of biodiversity and what actions they 
choose to deal with biodiversity loss.

During the focus groups discussions, students were provided with some depic-
tions of different environments. After looking at them, they were required to discuss 
which one of them sustained more biodiversity. Specifically, they were asked: Which 
of these environments do you think is the most biodiverse? Which of these environ-
ments do you think is the least biodiverse? And why do you choose these ones? The 
depictions of the environments presented are described below:

–– Desert: an arid region with a large amount of sand and dunes, where precipita-
tion is not common.

–– Jungle: an area covered with dense vegetation.
–– Forest: an area where trees predominate.
–– Polar areas: an area which is mostly covered by frozen landscape.
–– Savannah: an ecosystem characterized by trees being widely separated.
–– Grassland: an area dominated by vegetation. Most of the land is covered by 

grass. Sedge and rush can also be found.
–– Marine ecosystems: an area covered by water.

Even though the Patis Biodivers project is based on studying the living beings of 
their schoolyard, children’s explanations of why they considered a specific environ-
ment more or less biodiverse elicited their ideas about factors responsible for the 
gain or loss of biodiversity.

In addition, children’s discussions were recorded and transcribed. A qualitative 
content analysis approach, using an inductive category development strategy, was 
conducted (Mayring, 2000). Firstly, the transcription was divided into significant 
discourse units, considering only those quotes that provide meaningful information. 
After that, each significant unit was labeled using an emergent code family system 
(as shown in Table 17.1) to make sense of the data collected.
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Table 17.2  System network of jungle environment with enhancers and limiter limiting factors of 
biodiversity

Jungle Enhancers (67/70) Abiotic factors (14/70) Sunlight 2/70
Humidity 4/70
Temperature 2/70
Shadow 3/70
Rivers 3/70

Biotic factors (46/70) Requirements linked to welfare 14/70
Vital requirements 8/70
Trees for nesting 4/70
Presence of vegetation 11/70
Trees as an attraction for other 
living beings

1/70

Vegetation as producers 8/70
Anthropic factors (7/70) Absence of humans 7/70

Limiters Limiting 
factors (3/70)

Biotic factors (1/70) Presence of carnivores 2/70
Anthropogenic factors 
(2/70)

Mainly caused by humans 1/70

Having defined the code families, each environment was analysed using a system 
network (Bliss et al., 1983) as presented below (Table 17.2). ​The system network 
was organized in two dimensions: On the one hand, the enhancers represent key 
factors that improve the biodiversity of particular environments; on the other hand, 
the limiters as key factors are associated with the lack of biodiversity. For each of 
these two dimensions, there were also three categories: abiotic, biotic, and anthropic. 
The first category refers to the elements that are part of the biotope of the environ-
ment, such as environmental conditions. The second category refers to living organ-
isms, such as trees as nesting sites. Finally, the anthropic category refers to all 
elements that are concerned with humans.

17.4 � Results

As shown in Fig. 17.1, children mainly chose the forest and the jungle as the most 
biodiverse environments, identifying vegetation as a key factor to enhance biodiver-
sity. Most of the enhancer factors are identified in these two areas, considering them 
as suitable places where animals can find the necessary requirements, from environ-
mental to vital conditions (e.g., “I think the jungle is one of the places I chose 
because there are many animals and no people. Also, it is humid there and, in some 
areas, there is even sunlight. There are a lot of flowers and plants. They feel better 
in the absence of people, in peace, and with the food they need”). On the other hand, 
polar areas and deserts are considered the least biodiverse environments because of 
the lack of vegetation and the environmental conditions (e.g., “Because there aren’t 
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Fig. 17.1  Number of significant discourse units mentioned by students as enhancing or limiting 
biodiversity factors in relation to a particular environment

any plants”). Having said that, it is important to remark that only one student men-
tioned savannah as an environment with biodiversity, without specifying any factor 
(e.g., “Because there are a lot of animals”). It is also relevant to state that children 
considered marine environments as non-biodiverse environments, since they did not 
take into account the presence of vegetation in their discussions. Just one student 
referred to the presence of vegetation underwater (e.g., “I choose marine environ-
ment because there are a lot of fish and there is vegetation underwater”).

In the group discussion, factors promoting biodiversity were more salient than 
factors with negative effects on biodiversity. In total, 151 significant discourse units 
were identified: while 94 of them were related to enhancing factors, only 57 were 
related to negative factors. Most of these units were described in the jungle environ-
ment (see Fig. 17.1).

Regarding the enhancers, as it can be seen in Fig. 17.2, biotic factors topped all 
other categories. Within this category, a total number of 69 significant discourse 
units were identified. It is noteworthy that children mostly chose these factors as 
enhancers for animal biodiversity, not as enhancers for biodiversity in general. 
Some of the most important factors to explain the biodiversity in particular environ-
ments are related to welfare and vital requirements (e.g., “I have chosen the forest 
because there are many birds there, because it is calm and quiet”), but also the 
absence of carnivores in certain places.

However, vegetation is considered the most influential factor to promote the bio-
diversity of the specific area, which was mentioned in 31 significant discourse units, 
(e.g., “Because it’s calm and there is a lot of vegetation”). Consequently, the 
absence of these elements in a specific environment is defined as an unsuitable place 
for animals or plants to survive. It should also be noted that the children acknowl-
edged diverse roles of vegetation as enhancers of biodiversity. The children men-
tioned trees as an important element from different perspectives: on the one hand, 
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Fig. 17.2  Representation of the predominance of each dimension and categories. The larger the 
circle, the more significant discourse units are mentioned by the children

trees were seen as structural elements of the habitat that provide shelter for animals 
in general or a place to nest for birds (e.g., “I think that there is a great diversity of 
species in the forest and jungle. The birds can build their nests in the trees); on the 
other hand, vegetation was considered as a dynamic element that provides food for 
animals.

Regarding abiotic factors, in the group discussions, primary students took into 
account environmental factors that promoted biodiversity, such as humidity, shadow, 
sunlight, environmental temperature and the presence of rivers. Among them, 
humidity was the most important factor to promote biodiversity in the focus group 
(e.g., “The jungle, because there is moisture and there are many insects, a great 
diversity of species, water...”).

As far as limiting factors are concerned, abiotic factors are the most important 
ones that account for the lack of biodiversity in some environments. Children under-
stood extreme temperatures as a key factor that constrains the biodiversity of deserts 
and polar environments. They acknowledged that animals cannot survive in such 
extreme conditions (e.g., “I think in the desert the temperatures are very high and it 
is one of the places where it is very hot. An animal cannot survive there” or “Because 
it is very cold there”). In addition, the lack of vegetation was also mentioned as a 
limiting biotic factor, together with the absence of trees. Mostly, they brought it up 
when discussing desert, polar and marine environments (e.g., “I believe that the 
polar environment is not very rich in species due to low temperatures and lack of 
vegetation.”).

Apart from abiotic and biotic factors, the children also took into account anthropic 
factors as limiters of biodiversity. In particular, the mere presence of humans, which 
affects animals’ tranquillity, or the anthropic impact, which unbalances ecosystems, 
were important factors to justify the limitation of biodiversity in certain places. In 
fact, this last factor was relevant to explain why students considered the marine 
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environment as one of the least biodiverse. Students claimed that humans pollute 
the ocean, thus causing a decline in biodiversity (e.g., “I think the problem is that 
there is a lot of plastic in the marine environment, so there are fewer animals”).

Results also reveal that students sometimes used personification to explain the 
biodiversity in a particular environment. They considered those factors by taking 
human needs as a reference point (e.g., “Because it is a quiet place”). Mostly, they 
identified human needs with animal and plant needs.

17.5 � Conclusions

In this paper, the focus of attention was on what kind of factors primary students 
take into account in terms of enhancing or limiting the biodiversity of a specific 
environment. The results show that students identified above all, the presence of 
vegetation as an important element that allows the specific area to be diverse, mainly 
in terms of animal diversity. It is important to note that children tended to exclude 
humans as a living organis. This narrow view is reflected in their discourses, where, 
in most of the cases, they identified the enhancing or limiting factors in terms of 
animal biodiversity, rather than using a broader term, such as biodiversity in gen-
eral. In consonance with other studies (Morón et al., 2021), these findings suggest 
the need to look for spaces where children can acquire the necessary tools to avoid 
this blind view, and consider biodiversity in a more comprehensive sense. 
Consequently, a more comprehensive and holistic education about biodiversity and 
ecosystem functioning should be taught.

To a lesser extent, the need for vegetation as some source of food was also 
included. Moreover, variables from abiotic factors, such as a suitable weather, were 
also considered to promote biodiversity, whereas too low/high temperatures were 
seen as a limiting factor. Similar results were found in a previous study on the wolf 
population requirements (Jiménez et al., 2023), in which the children also consid-
ered the weather as a limiting factor for the wolf.

In addition, the lack of space in natural habitats was also cited as an indirect 
limiting factor that made students concerned about the loss of biodiversity. This 
concern could be seen when they identified the presence of trees as an important 
element, especially when the students described the trees for nesting. A similar out-
come was also observed in other studies (Kilinc et al., 2013), since the lack of habi-
tat is one of the factors that children identify as an important element to consider.

Furthermore, welfare factors were the elements that children considered the 
most. Students usually mentioned them in the group discussions to argue that ani-
mals cannot survive without these factors. Most of the time, they put themselves in 
the situation and spoke from their own perspective. In accordance with Inagaki and 
Hatano (2002), these ideas reflect the way of reasoning of children using a person 
analogy. Since the children did not have a good knowledge of how an ecosystem 
works, they tended to map the factors taking into account their own experiences 
as humans.
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Besides, the answers referred to limiting and enhancers factors were really sim-
ple. According to the study carried out by Jiménezt et al. (2023), they also found 
that all the factors considered by children as necessity for the wolf to be established 
were straightforward because in the course of their explanations they mostly devel-
oped a linear cause-effect relationship. Students mentioned a certain factor, negative 
or positive, and connected it with its respective effect in the environment, without 
including other variables.

It is also important to note that the children took into account animals, mostly 
among the other living beings of the ecosystem, to describe how species-rich a par-
ticular environment was. In this regard, the elements that they did not mention 
would suggest that students focused only on particular groups of living beings of the 
environment, ignoring a broad range of possible ecological relationships. These 
results are consistent with other studies which have shown that young children 
count animals first, and then plants and other living beings, when describing the 
elements of a particular ecosystem (Kilinc et al., 2013).

Regarding the human factors, participants were really concerned and referred to 
humans only as one of the main limiting factors to enhance biodiversity, by only 
describing factors such as a subsequent environmental pollution, deforestation and 
other negative impacts. Moreover, since they never included themselves as an active 
agent in the discussions, we can conclude that conservation actions were not taken 
into account. In this respect, other studies (Kilinc et al., 2013) pointed out that con-
servation education needs to be taught in schools to change this view and give chil-
dren the tools they need to act.

In light of the results obtained and discussed with the related literature in this 
study, it seems clear that there is a need to promote science teaching practices to 
assist children’s development of a more comprehensive meaning of biodiversity. 
The anthropocentric and simplistic view observed in this and similar studies should 
be taken into account to review current teaching practices. Students’ early experi-
ences are of great importance for the development of their ability to discern biodi-
versity. Therefore, understanding misunderstandings and incompletions that occur 
when children try to acknowledge such a complex concept should help us bring a 
wider concept of biodiversity into formal education in order to empower students to 
decide on current sociocientific issues.
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Chapter 18
Learning Biology in the Early Years 
Through Nature Play in the Forest: 
An Exploratory Study from Slovenia

Marjanca Kos, Sue Dale Tunnicliffe, Luka Praprotnik, and Gregor Torkar

18.1 � Introduction

In early years, children mostly learn through play. Outdoor environments, espe-
cially natural environments with their characteristics of diversity, variability, unpre-
dictability, openness and richness in sensory stimuli are known to be especially 
stimulating for children’s play and learning. The potential offered by the outdoor 
environment is supposed to be most effectively used for education through unstruc-
tured, child-initiated and child-led play (Maynard & Waters, 2007; Wilson, 2012).

In recent research, the term ‘nature play’ has been used to define freely chosen, 
unstructured, and open-ended playful interactions with and in nature (Erickson & 
Ernst, 2011; Ernst et al., 2021). The purpose of this study is to contribute empirical 
data about the importance of nature play in early childhood, especially for learning 
biology.

18.1.1 � The Benefits of Children’s Engagement with Nature

Childhood experiences in the world of nature are crucial for children’s life. Several 
studies have identified nature as a significant space, which supports physical and 
mental health, as well as emotional well-being, and fosters children’s holistic 
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development in all the developmental domains (Adams & Savahl, 2017; Gill, 2014; 
Sahlberg & Doyle, 2019; Wilson, 2012). Children’s engagement with nature leads 
to better learning because learning in nature improves learners’ attention, levels of 
stress and self-discipline, and it provides a more supportive, quieter and safer con-
text of learning (Kuo et al., 2019). Play and learning in natural environments also 
improve the learning of disadvantaged children with learning disabilities and with 
underachieving academic scores (Maynard et al., 2013).

Many studies have consistently shown that children are more physically active 
when outdoors (Dankiw et al., 2020; Gill, 2014; Torkar & Rejc, 2017). Walking 
over rough terrain, climbing trees and running around in the natural environment 
positively affects children’s motor development: children’s gross and fine motor 
skills and stamina; children’s coordination and balance; improves health-related fit-
ness (Santana et  al., 2017). Additionally, it reduces obesity risks (Dankiw et  al., 
2020; Herman et al., 2009).

Nature has prosocial effects as it fosters warmer, more cooperative relations 
(Dankiw et al., 2020; Scott et al., 2018). Natural environments bring children more 
freedom and sense of autonomy (Adams & Savahl, 2017; Dankiw et al., 2020; Kuo 
et al., 2019). Outdoor play and learning have a positive effect on children’s self-
esteem, self-confidence and self-awareness, as well as on how they make choices 
and take risks (Gill, 2014; O’Brien & Murray, 2007). It helps children acquire skills 
that are so important later in adulthood, such as perseverance, self-efficacy, resil-
ience, teamwork, leadership and communication (Kuo et al., 2019). Nature reduces 
their behavioural problems (Fiskum & Jacobsen, 2012); it showed to be effective in 
the reduction of disruptive episodes and dropouts among ‘at-risk’ children (Ruiz-
Gallardo et al., 2013). Children who ordinarily struggle when indoors emerge as 
leaders and a low-performing child gets more of a chance to build an image of a 
strong, competent person (Maynard et al., 2013; Kuo et al., 2019).

In the affective field of development, research has shown an increase in mood 
and better emotional regulation: a decrease in depression and aggression (Brussoni 
et al., 2017; Gill, 2014). Children generally love playing in natural environments 
(Wilson, 2012). In the nature, children have been observed to laugh and smile more 
than those in highly structured play environments (Singer, 1994).

Outdoor experiences foster environmental ethics. There is good evidence of a 
link between time spent in nature in early childhood and adult environmental atti-
tudes (Barrable & Booth, 2020; Gill, 2014; Torkar, 2014). Frequent outdoor experi-
ences and contact with nature strengthen children’s empathic relationship with 
nature, as well as promote their intrinsic care, emotional connection and apprecia-
tion of nature. A lack of regular positive experiences in nature is associated with the 
development of discomfort, fear and the dislike of the natural environment, as well 
as a failure to develop a personal connection to the world of nature (Adams & 
Savahl, 2017; Ernst et al., 2021; Gill, 2014; Jørgensen, 2016). Connectedness with 
nature should be advanced in early childhood, i.e. under the age of 11, as environ-
mental education programmes have been found to be more sustainable amongst this 
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age group (Liefländer et al., 2013). Nature experiences also improve environmental 
knowledge (Gill, 2014; Kuo et al., 2019).

18.1.2 � The Role of Play in Early Childhood

Most of what children need to learn in their early childhood could be discovered 
through play. Play is a fundamental avenue for early childhood learning and is 
deeply rooted in early childhood education as the primary way to meet children’s 
developmental needs (Sahlberg & Doyle, 2019; Wilson, 2012). Research supports 
the idea that play is so important to our development and survival that the impulse 
to play has become a biological drive and that it is internally generated. Children are 
naturally drawn to the low-risk scenarios of play in order to learn, grow, adapt and 
thrive (Brown, 2009). Neuroscience studies in recent years have also linked child-
hood play to brain development and proper functioning (Yogman et al., 2018). Play 
helps shape the brain. Animal play researchers who have studied the effects of play 
on brain development in depth suggest that the brain actually develops a sense of 
itself during play through stimulation and testing. This helps to explain why play is 
most prevalent during childhood, which is also the most important period of brain 
development (Brown, 2009; Loebach & Cox, 2020; Yogman et al., 2018).

18.1.3 � Learning Biology in Early Years

Young children actively construct a coherent worldview and knowledge based upon 
their personal experiences. Therefore, active engagement is crucial for children’s 
learning. Essential qualities of early biology education are to be hands-on and inter-
est based. Adults should create a context in which pre-schoolers can have worth-
while, meaningful, cooperative and fun learning experiences; play is one of such 
contexts (Curriculum for preschools, Ministry of Education and Sport, 1999). 
Loebach and Cox (2020) observed children’s behaviour in different outdoor spaces 
(not exclusively natural environments) and developed typology for capturing chil-
dren’s play behaviour (Loebach & Cox, 2020). Among nine different types of out-
door play behaviour (physical, exploratory, imaginative play, play with rules, 
expressive play, digital play, restorative play and non-play), they described a new 
play type – bio play – which included playful interactions between children and liv-
ing things: ‘Although these experiences might also be recorded in another category, 
such as exploratory play, the significance of these natural experiences is profound 
enough to warrant capturing these interactions through a distinct play type’ (Loebach 
& Cox, 2020, p. 5611). This new type, named ‘bio play’ was divided into three play 
subtypes: ‘Plants’, ‘Wildlife’ and ‘Care’.
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18.1.4 � Nature: A Stimulating Place for Children’s Play 
and Learning

Quality play requires access to a rich learning environment. Natural environments 
provide a variety of spaces and ground cover, loose parts that children can manipu-
late, the possibility of ‘random’ events and can be characterised by natural ele-
ments, such as plants, animals, rocks, mud, sand, gardens, forests and ponds, or 
water. Thus, nature provides the diversity, variability, openness, rich and varied sen-
sory stimuli needed to engage and challenge young children, which enhances the 
opportunity for learning and development through play (Dankiw et al., 2020; Ernst 
et al., 2021; Klofutar et al., 2022; Wilson, 2012).

Spending time in nature promotes developmental forms of play. Many research-
ers have demonstrated significant increases in constructive, dramatic, imaginative 
and symbolic forms of play (Kuo et al., 2019; Wilson, 2012). Wojciehowski and 
Ernst’s (2018) study measured the creative outcomes of play in the natural environ-
ment. Results showed significant increases in originality, play fluency and imagina-
tion compared to controls who played in traditional play spaces.

The natural environment is a very appropriate learning environment for a wide 
range of activities: from highly structured, adult-led activities to unstructured, free, 
child- initiated and child-led play. Finally, the term ‘nature play’ has been used and 
is defined as freely chosen, unstructured and open-ended playful interactions with 
and in nature (Erickson & Ernst, 2011).

The natural environment with its features is a place where high-quality interac-
tions between a child and an adult can develop (Maynard et al., 2013). The adult is 
encouraged to respond to children’s initiatives and base activities on their interests 
and prior knowledge (Waters & Maynard, 2010). The educator should always be 
ready for sensitive interventions, while allowing children to play freely without 
interference (Waller, 2007). The educator enters nature play as a facilitator of learn-
ing and a more experienced partner. At the right moment, he or she engages with it, 
elevating it to a higher level and enabling more effective learning (Maynard & 
Waters, 2007; Maynard et al., 2013).

The importance of play in early childhood learning has been well established and 
the natural environment has been recognized as one of the most stimulating environ-
ments for it. Free (unstructured, child-initiated and child-led) play is the category of 
play in which the potential offered by the natural environment is supposed to be 
most effectively used. In the field of early science education (and especially in the 
field of early biology education), little research has been done on the importance of 
free, unstructured play in the natural environment (nature play) for gaining initial 
science experiences, acquiring science literacy, developing science skills, and envi-
ronmental awareness (Beery & Jørgensen, 2018; Jørgensen, 2016; Tunnicliffe, 
2020). The main purpose of our research was to contribute empirical data on what 
children can learn about biology through nature play in the forest.
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18.2 � The Exploratory Case Study

The aim of this exploratory case study was to find out how nature play in the forest 
provides preschool children with play episodes where they experienced biological 
phenomena and living organisms. The following research questions were formed:

	1.	 How frequently did bio play episodes occur during nature play?
	2.	 What living beings did the children interact with during the bio play episodes?
	3.	 Which types of bio play episodes were detected?

One of the main reasons for choosing this research methodology was to provide 
empirical evidence on daily educational practice and, in particular, educational con-
text. Case study methodologists stress that teachers always teach in particular 
places, specific groups of students and under conditions that significantly shape and 
temper teaching and learning practices (Freebody, 2003). Early exploratory case 
studies are set to explore any phenomenon in the data which serves as a point of 
interest to the researcher, where variables are still unknown and the phenomenon 
not at all understood (Meredith, 1998).

A non-random sample of 21 four-to six-year-old children (11 girls, 10 boys) 
from a public preschool in a suburb region of Ljubljana, Slovenia, participated in 
the study. The European commission’s ethical rules in social science research were 
considered. Informed consent was obtained from the parents and teachers to con-
duct the study.

The preschool is situated less than a kilometre from a semi-natural deciduous 
forest. The forest was bright, mostly flat, with a little woody undergrowth and a few 
fallen trees. The group of children was accompanied by their two preschool teach-
ers. The two researchers, who made the observations, were also present. The chil-
dren were told to play in the forest. As a guideline for defining the role of the 
educator in the children’s nature play, we used the principle of ‘least intrusive 
involvement’ (Kostelnik et al., 2007), which means providing only the level of sup-
port actually needed to extend children’s engagement in an activity and acting as a 
facilitator, not an instructor of the learning process. Children’s nature play was 
observed over a period of four consecutive days, with each session lasting approxi-
mately 1 h and a half at the same time of the day (morning). The weather was warm, 
sunny or partly cloudy throughout.

The study was documented through video records gathered with small video 
cameras attached to children’s heads to automatically record sound and images 
from their perspective. Three randomly selected children in the group were equipped 
each time with small video cameras (Fig. 18.1) attached to their heads to automati-
cally record sound and images from their perspective. Altogether 12 children were 
equipped over the 4 days.

Evidence from video and photographic images and unstructured narrative obser-
vations are presented together in a back-and-forth fashion. The video recordings 
were then transcribed, independently reviewed and analysed by two researchers 
using ‘a read re-read’ process to identify and consequently analyse the data. 
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Fig. 18.1  Children with small video cameras in the forest

Table 18.1  Description of analysed video recordings

Day 1 2 3 4

Children’s code (letter) & gender: 1-boy, 
2-girl)

A-1, B-2, 
C-1

D-1, E-1, 
F-2

G-2, H-2, 
I-2

J-1, K-1, 
L-2

Minutes of play 88:00 98:00 105:00 98:00
Minutes of transcripts 264:00 294:00 315:00 294:00
Minutes of bio play episodes 3:20 86:21 71:49 13:41
Number of bio play episodes 5 14 12 9
Minute of overlaps of 2 or 3 cameras 0:00 24:18 45:01 0:00

Altogether, 12 video recordings, for a total of 1167 min of transcripts were anal-
ysed. Of these, recordings identified as play episodes (N = 39) where the children 
experienced living organisms and biological phenomena (bio play episodes) were 
analysed and overlaps of 2 or 3 cameras in these episodes were recorded (Table 18.1). 
A tool for observing play outdoors (TOPO) was used to analyse nature play epi-
sodes (Loebach & Cox, 2020). Only bio play episodes were further analysed. For 
example, if children treated the wooden stick only as an object and a play tool, and 
they did not perceive it as part of a plant (i.e. a living being), we did not recognise 
such an episode as bio play. There was a perfect agreement on the number of identi-
fied bio play episodes between the two independent coders (Cohen’s kappa = 1.0). 
We focussed on all three subtypes of bio play (plants, wildlife, care). The emotion-
ality and care of children for living beings was identified through their verbal and 
nonverbal expressions showed in the play episodes. We also looked at the intersec-
tion of bio play with other types of outdoor play described by Loebach and Cox 
(2020). During the analysis of episodes, we allowed the possibility of creating new 
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codes that were not previously foreseen. Children’s codes are represented with capi-
tal letters and gender (1-boy, 2-girl).

18.3 � Results

All bio play episodes, their frequency, and total time are shown in Table 18.2. In 
addition, the number of play episodes in which the teacher was asked by the chil-
dren to enter play as a facilitator and experienced partner was recorded. Altogether, 
14.9% of the total time (excluding overlaps of 2 or 3 cameras) were recordings 
identified as play episodes in which the children experienced biological phenomena 
involving naturally occurring biofacts and living organisms: episodes are named 
after the main object(s) observed by the children (e.g. snail, bird egg, moss).

The episodes described and their frequency are largely driven by the characteris-
tics of the learning environment (forest), but also provide information about the 
objects the children were attracted to in the forest. They paid the most attention to 
the butterfly, the slug, the brown frog, the bird egg and the salamander. The number 
of episodes and the time devoted to animals is longer compared to plants and fungi. 
For some animals, such as the earthworm and snail, one might expect more and 
longer episodes, but this was not the case. We assume that they already had more 
experience with them, which was confirmed by their preschool teacher. It is notice-
able that many of the episodes in which the teachers were involved were longer. 
They helped to facilitate the observation and conversation of the children in the 
group (Fig. 18.2).

Table 18.2  Bio play episodes, their frequency, their total time, the number of play episodes in 
which the teacher was asked to join, types and subtypes of TOPO

Name of the 
bio play 
episode

Total 
number of 
bio play 
episodes

Total time 
of all bio 
play 
episodes

Number of bio 
play episodes 
where teachers 
entered as a 
facilitator

Bio play 
subtypes

Intersections with 
other play types

Slug 5 57:33 3 Wildlife, 
care

Exploratory-sensory, 
exploratory-active, 
expressive-
conversation

Butterfly 4 1:10:35 Wildlife, 
care

Exploratory-sensory, 
exploratory-active, 
exploratory-
constructive, 
expressive-
conversation

Salamander 3 13:30 3 Wildlife, 
care

Exploratory-sensory, 
exploratory-active

Bird egg 2 11:30 2 Wildlife Exploratory-sensory

(continued)
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Name of the 
bio play 
episode

Total 
number of 
bio play 
episodes

Total time 
of all bio 
play 
episodes

Number of bio 
play episodes 
where teachers 
entered as a 
facilitator

Bio play 
subtypes

Intersections with 
other play types

Spider 2 4:50 Wildlife, 
care

Exploratory-sensory

Ant 2 4:07 Wildlife Exploratory-sensory
Spruce tree 2 3:55 1 Plants Exploratory-sensory, 

exploratory-active, 
imaginative-symbolic

Butterbur 2 2:31 1 Plants Exploratory-sensory, 
exploratory-active

Fern 2 1:55 Plants Exploratory-sensory
Moss 2 1:07 Plants Exploratory-sensory
Black elder 2 1:03 Plants Exploratory-sensory
Brown frog 1 10:52 1 Wildlife Exploratory-sensory, 

exploratory-active
Flowers 1 6:00 Plants Exploratory-sensory, 

exploratory-active
Bird feather 1 5:07 Wildlife Exploratory-sensory
Oak galls 1 2:13 Plants Exploratory-sensory
Earthworm 1 0:29 Wildlife Exploratory-sensory, 

exploratory-active
Blueberry 1 0:28 Plants Exploratory-sensory
Centipede 1 0:15 Wildlife Exploratory-sensory
Snail 1 0:10 Wildlife Exploratory-sensory
A wood-decay 
fungus

1 0:18 Wildlife Exploratory-sensory

Blackberries 1 0:13 Plants Exploratory-sensory
Bird dropping 1 0:05 Wildlife Exploratory-sensory

Table 18.2  (continued)

Various types and subtypes of bio play episodes, where the children experienced 
living organisms and biological phenomena, were observed (Table 18.2). Concrete 
examples are given in the following sections to illustrate what children learned and 
experienced. Most commonly, bio play intersects with exploratory-sensory play 
(e.g. slug, butterfly), exploratory-active play (e.g. slug, salamander, butterfly), 
exploratory-constructive play (e.g. butterfly) and expressive conversation play, 
which was most evident in the episode where children interacted with a butterfly 
and a slug. Bio-care play was most evident from children interaction with an injured 
butterfly. Codes of children with head cameras (see Table  18.1) are used in the 
descriptions of examples and other children (without cameras) are coded with the 
letter CH and a number (1-boy, 2-girl), e.g. CH-1.

While playing and exploring in the woods, small ground animals caught the chil-
dren’s attention, though sometimes only briefly. Other times, the observation lasted 
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Fig. 18.2  Observing a salamander

longer and developed into an activity. They invited and shared their observations 
with their peers. This is evident in the following conversation in which the children 
closely observed a snail, its tentacles, and its pneumostoma. After the initial sensory 
experiences, the teacher was asked to answer some questions and provide informa-
tion to support the children’s observations. This example beautifully demonstrates 
that the teacher can support learning when the children are sensually engaged in 
experiential learning.

Slug

	 1.	 H-2: Slug, a black one, a tiny slug. ((She wants to relocate it with a butterbur 
leaf, but she accidentally touches the animal. Then she grabs the slug and the 
snail begins to crawl on her arm.)) ((smiles)) That tickles me! ((She carries it to 
a group of children playing near the teacher.))

	 2.	 CH-2: Yuck! ((Some children initially show a negative feeling when they look 
at the slug and back away. But then they approach and begin to observe the 
animal.))

	 3.	 H-2: It is licking me.↑ Will it fall out of my hand?
	 4.	 CH-2: This will not happen.
	 5.	 H-2: Yes, because it is stuck to my hand with slime. ((She holds her hand 

upright.)) It is still crawling up the vertical surface. ((She then walks with the 
slug in her hand, overcoming obstacles on the ground. She explains to the other 
children:)) The slug is with me because it loves me. ((She runs her fingers over 
the front of its body.)) When you do this to it then it hides the tentacles.

	 6.	 Teacher: Observe carefully how many tentacles the slug has?
	 7.	 H-2: One, two, three… and four.
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	 8.	 Teacher: Eyes are at the end of the tentacles.
	 9.	 CH-2: ((She stands next to Maja, observes the slug and suddenly says in amaze-

ment.)) Hey, it has a hole here!
	10.	 H-2: Oh, the hole has opened and closed again.
	11.	 Teacher: Why does slug have this hole?
	12.	 H-2: There are little slugs in it.
	13.	 Teacher: The slug breathes through this hole.

Shortly after, the group found a salamander and began observing the animal, pass-
ing it from hand to hand and sharing their observations. The children’s handling of 
the snail and salamander shows their respect for living animals and their interest in 
animal morphology and behaviour. The teacher provides instructions for handling 
the animal and takes care of animal’s wellbeing.

Salamander
((Children found a salamander. They are excited at first; then they calm down and 
begin to look at the animal.))

	1.	 K-1: ((He takes the animal into his hands, looks at it and smiles.)) Do you dare 
to touch it and hold it? ↑

	2.	 Teacher: ((She joins the group.)) Whoever is holding the salamander should 
crouch down so that the animal does not accidentally fall down. Be gentle when 
handling the salamander. And do not touch their eyes and mouths when handling 
the salamander.

((K-1 hands the salamander to other children… The salamander walks and moves 
from hand to hand. Children are loud))
	3.	 CH-1: You are scaring it. ((He hands the salamander back to K-1.))
	4.	 CH-2: See, with K-1 it has calmed down completely.

In the children’s direct experiences with animals described above, their biological 
ideas and emotions can also be recorded. The most vivid example is the conversa-
tion of a group of children who found an injured butterfly. They discussed the rea-
sons why the butterfly cannot fly. They tried to take care of the injured animal by 
providing it with suitable shelter and food. The paragraph illustrates what children 
collectively knew about the animal’s welfare and ecology, which they took into 
account in the activities. An example of an ecological idea is their discussion about 
the predator-prey relationship between spider and butterfly.

Butterfly
((F-2 walks through the forest and comes to CH-2 who tells her she found a butterfly 
on the ground. F-2 squats down and carefully places the butterfly on her palm.))

	1.	 F-2: Do you see how beautiful it is.
((They meet another C-2 who screams at the sight of the butterfly.))
	2.	 F-1: What are you screaming about? ↑ The butterfly is not hurting anyone.
	3.	 CH-1: Yes.
((The butterfly falls from F-2’s hands on the ground.))
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	 4.	 CH-2: The butterfly cannot fly.
	 5.	 CH-1: It fell into the water, got wet, and cannot fly.
	 6.	 F-1: Let us put it on the moss. Do not scream, because you can see it’s scared.
	 7.	 CH-1: The butterfly has lost the dust on its wings and it should be placed on a 

flower blossom. ((He finds a large flower blossom, for which F-2 praises him.))
	 8.	 CH-1: Let’s put the butterfly in a place where it is warm and that the butterfly 

would like.
	 9.	 F-1: Yes. I will go this way; it will not be slippery here. ((Holding the butterfly 

in her hands.))
((CH-1 shows F-2 the den the children built the day before.))
	10.	 F-2: Yes, this is where we want to put the butterfly.
	11.	 CH-1: Oh yes, here, on the moss.
	12.	 F-1: It will be called Čara. ((F-1 carefully places the butterfly on the moss)).
	13.	 CH-2: We should build a small shelter for the butterfly. ↑
((The girls build a house out of sticks, but F-2 thinks it is too small and begins to 

build a new house with the boys.))

Spider

	1.	 CH-1: Here is a spider’s web. A spider can eat the butterfly here.
((They finished the house and they want to put the butterfly inside.))
	2.	 F-1: Watch out, there’s a spider on the house. The spider can eat the butterfly.
((CH-2 gently removes the spider.))
	3.	 F-2: The house is still too small. ((CH-1 tears down the house and he starts build-

ing a new one.))

The group dynamic of a child being in the company of friends and peers can be in 
some cases crucial in overcoming prejudice. This can be observed in the above-
mentioned narratives about the encounters with the slug (sequence 2) and the but-
terfly (sequences 1–2, 6). Such peer (social) learning is certainly one of the first 
steps to overcoming prejudices. During the nature play, the children also noticed 
other arthropods (ant, centipede) and expressed various emotions  – from fear to 
excitement. This usually happened incidentally during the play. They observed 
something and shortly shared their experiences with each other. The children also 
found the shells of birds’ eggs and wanted to know the bird species from the teacher.

During the nature play, the children came across different plants and fungi which 
they mostly perceived as a playing material (exploratory constructive play), not as 
living beings at first sight. Sometimes they named them or briefly talked about their 
usefulness. Among the plants observed, there were some that were edible or medici-
nal (e.g. blueberry, black elder, blackberry), which the children also pointed out in 
their conversations. They built dens, animal houses, bridges and other structures out 
of branches and shrubs. They added leaves, cones, flowers and fruits to the construc-
tion, covered the roofs with bark, made ornaments by gluing together flowers and 
fern leaves with spruce resin, and covered the surfaces with moss, etc. This aspect 
of playing with natural materials is also very interesting for research, but we do not 
discuss it in detail in the present paper.
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Mushroom

	1.	 C-1: I still need to cover it ((the house)) with leaves.
((CH-1 brings a wood mushroom to Miha.))
	2.	 C-1: We have two of those mushrooms at home.

Medical Plants
((B-2 had a very small wound and showed it to the educator. The educator suggested 
covering the wound with a plantain leaf.))

	1.	 CH-1: This is that grass. ((He brings the plant.))
	2.	 Teacher: Tie the leaf around the wound.
	3.	 CH-1 ((to B-2)): You have to leave this wound in peace and let me bandage it. 

Then the wound will heal and you can throw the bandage away. ((He bandages 
the wound.))

	4.	 B-2: So, the wound is healed.
	5.	 CH-1 ((After a while he runs to B-2)): I know another medicinal herb. Should I 

use it to bandage your foot?

18.4 � Discussion and Conclusion

Freely chosen, unstructured, and open-ended playful interactions with and in nature 
define nature play (Erickson & Ernst, 2011; Ernst et al., 2021) and make learning 
outcomes highly open-ended and unpredictable. The opportunity for nature play is 
a valuable activity for young children, as it provides opportunities to gain first-hand 
experiences in biology.

The list of bio play episodes in Table 18.2, which represent 15% of the total play-
ing time, shows that children can experience species diversity in the forest. Children 
focused on the animals, plants and fungi which they observed on the forest floor. 
There is no focus on the biodiversity in the treetops during their play. Similarly, the 
results of research with Norwegian kindergarten children (Beery & Jørgensen, 
2018) support the idea that childhood interaction with variation and diversity with 
living and nonliving items from nature allows children important learning opportu-
nities, including deeper understanding of biodiversity.

A comment is also necessary regarding the frequency and time devoted to differ-
ent organisms: It is noticeable that children focus more on animals than on plants 
and fungi. Many adults have ‘plant blindness’ – the inability to see or notice the 
plants in one’s own environment, leading to the inability to recognise the impor-
tance of plants in both the biosphere and human affairs, and the inability to appreci-
ate the aesthetic and unique biological features of plants (Wandersee & Schussler, 
2001). This phenomenon was also observed in our research. Not only do they not 
see or notice the plants, in line with the research of Gatt et al. (2007), it is evident 
that some children even struggle with the concept of plants being alive. Perhaps that 
is why in their play they looked at plants more as materials for building, decorating, 
fencing, etc., and not as living beings.
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The differences in children’s experiences of plants, animals, and fungi are also 
evident in the different types and subtypes of the play episodes. Findings of the 
study show that bio play commonly intersects with exploratory-sensory and 
exploratory-active types of play. This is in line with the findings of Loebach and 
Cox (2020). Exploratory play helps develop children’s observational skills, to make 
a transition from seeing to observing and developing scientific process skills and 
science concepts (Klofutar et al., 2022; Tomkins & Tunnicliffe, 2007). An example 
of this was children observing the tentacles of a slug. Furthermore, it is important to 
highlight the role of teachers in improving the observational skills of children by 
providing extended time for careful observations and directing them with questions 
and encouragement (Eberbach & Crowley, 2009; Tomkins & Tunnicliffe, 2007).

Experiences with observed animals are perceived more emotionally and lead to 
deeper learning about them. With plants and fungi, on the other hand, children are 
content with knowing their names and uses. Strgar (2007) and Pany et al. (2018) 
also point out the importance of emphasising the usefulness of plants for effective 
teaching and learning.

In the recordings identified as play episodes in which children experienced living 
organisms and biological phenomena, teachers played an important role as facilita-
tors and experienced play partners. The play episodes in which teachers were 
involved were often longer. Teachers were very sensitive to the children and allowed 
them to play freely without interfering (Waller, 2007) and facilitating a more effec-
tive learning experience (Maynard et al., 2013).

Two limitations of the study should be highlighted. The first limitation was the 
lack of standardised analysis of the data collected and the selective access to the 
children in the sample due to the use of only three head cameras per group; the 
second was that the small sample and specific learning environment further limited 
the generalisability of the findings.

In conclusion, despite the limitations of the exploratory study methodology, this 
study has demonstrated the importance of nature play for the spontaneous learning 
of biology in the early years. It has improved the understanding of the phenomenon 
under study, which is not yet clearly defined. Our findings may contribute to more 
systematic and analytical studies needed to further investigate the role of nature 
play in biology learning.
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Chapter 19
Personal Relevance in Secondary School 
Students’ Nature Experiences

Marcus Hammann

19.1 � Introduction

Direct and personal interaction with nature is diminishing, in an ongoing alienation 
termed the “extinction of experience” (Pyle, 2003). Its causes are loss of opportu-
nity (e.g., space and time for exploring nature) and loss of orientation (e.g., positive 
feelings and attitudes towards nature) (Soga & Gaston, 2016). Loss of orientation is 
particularly relevant for biology education because educational programs can 
develop and foster secondary school students’ positive feelings and attitudes towards 
nature (Baird et al., 2022). Concerning positive attitudes towards nature, research 
has focused mainly on nature connectedness, which is a multi-dimensional psycho-
logical trait that refers to a person’s belief about the extent to which they are part of 
nature, their emotional relationship with nature, and their experience with it 
(Richardson et al., 2019). For school-aged children, nature connectedness declines 
after early childhood before recovering in adulthood (Richardson et al., 2019). This 
is problematic because for school-aged children nature connectedness predicts 
interest in participating in nature-based activities (Cheng & Monroe, 2012), and 
high levels of nature connectedness are associated with pro-environmental behavior 
(Hughes et al., 2018).

The present study applies a recent relevance framework for science education 
(Priniski et al., 2018) to the field of research in secondary school students’ nature 
experiences. The authors of the framework argue that personal relevance is a key 
driver of motivation. The motivation to seek contact with nature is a neglected – but 
potentially important – aspect of school-aged children’s extinction of experience. 
More specifically, the extent to which the perceived personal relevance of a nature 
experience contributes to the motivation to engage in a nature experience of the 
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same kind is poorly understood. For example, Tal and Morag (2009) report on sec-
ondary school students’ lack of motivation to engage in outdoor education, 
but researchers have so far neglected to research the role of motivation in this con-
text in more detail. Therefore, this study examines secondary school students’ out-
of-school, free-choice nature experiences from the perspective of perceived personal 
relevance. More specifically, the focus of this study lies on variables related to stu-
dents’ perception of the personal relevance of their own nature experience. For edu-
cators, knowledge of these variables is useful because they can use them as pathways 
to increase the personal relevance of nature experiences in outdoor teaching and 
increase the students’ motivation to make more frequent contact with nature (for a 
similar pathway approach, see Lumber et al., 2017).

19.2 � Theoretical Background

The authors of a recent framework for relevance research define personal relevance 
as an individual’s perception of the degree to which a stimulus (e.g., having a nature 
experience) has some relation to the individual personally (Priniski et al., 2018). 
More specifically, personal relevance is an important variable in three major motiva-
tion theories, the four-phase-model of interest development, expectancy-value the-
ory, and self-determination theory. In the four-phase-model of interest (Hidi & 
Renninger, 2006), for example, personal relevance may trigger situational interest 
and support the development of individual interest. Furthermore, the authors of the 
framework predict that the more personally relevant a person perceives a stimulus 
to be, the more motivated she or he is to reengage with it (Priniski et al., 2018). 
Analogously, this study examines the hypothesis that secondary school students 
who perceive their nature experiences as personally relevant are more likely to re-
engage in similar experiences than students who perceive their nature experiences 
as less personally relevant. This hypothesis is relevant because research has shown 
that the frequency of nature experiences is correlated with nature connectedness, as 
well as pro-environmental attitudes and behavior (Oh et al., 2021).

Furthermore, the authors of the framework conceptualize personal relevance as a 
continuum, ranging from personal association to identification (see Fig. 19.1): At 
the low end of the continuum, personal association describes the perception that the 
stimulus is connected to some other object or memory that is personally relevant. 

personal association personal usefulness identification

Fig. 19.1  Personal relevance as a continuum ranging from personal association to identification. 
(According to Priniski et al., 2018)
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Thus, the perception of relevance is indirect because the stimulus is not perceived 
relevant in and of itself, but rather through association to something else. For exam-
ple, an individual might find a nature experience relevant because it involves some-
thing else – bringing guinea pigs outside to play with them, for example – which is 
fun for the student and makes going out into nature indirectly personally relevant. 
Personal usefulness is in the middle of the continuum. It describes the perception 
that the stimulus can be used to fulfill an important personal goal. For example, a 
person finds going out into nature personally relevant because the natural setting is 
beautiful and fulfills the desire to be in an unspoiled place with no cars and no loud 
noises. At the high end, identification describes the perception that the stimulus is 
highly relevant because it is integrated into one’s identity. For example, an individ-
ual who identifies as a nature lover (someone who loves birds, plants, etc.) finds 
nature experiences highly relevant because they are an opportunity to confirm one’s 
identity.

This application of the framework for relevance research is compatible with 
broader frameworks which define ecological identity as “one part of the way in 
which people form their self-concept: a sense of connection to some part of the non-
human-natural environment” (Clayton, 2003, p.  46). More specifically, the per-
ceived personal relevance of the nature experience investigated in this study can be 
considered to be one aspect of the ecological self-concept, which is defined as a 
collection of beliefs one holds about oneself and nature.

19.3 � Research Rationale and Purpose

This study explores variables related to secondary school students’ perceived per-
sonal relevance of their nature experiences and the associations between perceived 
personal relevance and the frequency of such nature experiences. Methodologically, 
this study differs from prior studies on students’ nature experiences which used pre-
formulated items to investigate the different dimensions of high school students’ 
anticipated nature experiences (Bögeholz, 1999) or retrospective designs, with 
adults commenting on their childhood nature experiences (Chawla, 1999). In this 
study, in contrast, we asked secondary school students to portray a moment or situ-
ation in nature that really occurred, rate its perceived personal relevance and indi-
cate how frequently such moments or situations in nature are.

This study has the following research questions:

	1.	 How personally relevant do the secondary school students of this sample per-
ceive their nature experience and what variables are associated with the per-
ceived personal relevance?

	2.	 To what extent are the perceived personal relevance of the nature experience and 
its frequency associated?
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19.4 � Research Design and Method

In order to describe the methodology of the study, we first report on the participants 
and setting (see Sect. 19.4.1), before explaining the “draw and write” research 
method (Angeli et al., 2015) which we used – in combination with questionnaire 
items – to elicit secondary school students’ nature experiences, their perceived per-
sonal relevance of the nature experience, and the frequency of such nature experi-
ences (see Sect. 19.4.2).

19.4.1 � Participants and Setting

The sample of this study consisted of a total of 70 secondary school students (41 
female; 29 male, aged 10–18 years) from three classes of one secondary school in a 
small town (30,000–40,000 inhabitants) located in an area in Lower Saxony, 
Germany. More specifically, 23 students (11 female; 12 male) were in grade 5 (aged 
10–11 years), 26 students (18 female; 8 male) in grade 8 (aged 13–15 years) and 21 
students (12 female; 9 male) in grade 11 (aged 16–18 years).

The school was located in a district close to the border with the Netherlands 
which was less densely populated (107 inhabitants per square kilometer) than the 
average in Lower Saxony (168 inhabitants per square kilometer). We chose this 
secondary school randomly to test the “draw and write” method for eliciting stu-
dents’ nature experiences because we plan to use the test instrument with a larger 
sample of secondary schools. The school is located in a district dominated by agri-
culture (65% of the district), which is above the average for Lower Saxony (61%). 
Woodlands account for 17% of the district, which is below the average for Lower 
Saxony (21%). Furthermore, the district has a relatively strong industrial workforce 
(92 industrial jobs per 1000 inhabitants), which ranks above the average in Lower 
Saxony (75 industrial jobs per 1000 inhabitants) (Landesamt für Statistik 
Niedersachsen, 2007).

19.4.2 � Assessment Instrument and Data Collection

We used a standardized questionnaire for data collection. The assignment was: 
“Draw an image and write a text about a moment or a situation in nature, which you 
remember particularly well.” Because the title and the assignment used the term 
“nature”, we informed the students that the term included all kinds of nature, for 
example places inside and outside the city, untouched nature (for example wilder-
ness) and human-made nature (for example botanical gardens). Furthermore, we 
asked the students to rate the following questions: How often are such moments/
situations in nature for you? (very often, often, rare, very rare); How personally 
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relevant are such moments/situations in nature for you? (very relevant, relevant, not 
so relevant, not relevant at all); Did the moment/situation occur in the context of 
biology instruction? (yes, no); Should biology instruction provide more frequent 
opportunities for such moments/situations? (yes, no). Finally, we asked the students 
to give a reason for the last question (open response).

The author of this study obtained permission from the head of the high school to 
collect data. For minor students, parents were asked to give written consent. 
Additionally, students were informed about the aims of the study and their right to 
decline to participate. The questionnaire was administered during regular biology 
classes, and the students were provided the full class period of 45  minutes to 
respond. Data collection took place in the summer of 2019.

19.4.3 � Data Coding and Analysis

Data coding focused on inner and outer aspects of the secondary school students’ 
nature experiences (see Sect. 19.4.3.1). For data analysis, we related these variables 
to the students’ perceived personal relevance of the nature experience and investi-
gated the association between the perceived personal relevance of the nature experi-
ence and its frequency (see Sect. 19.4.3.2).

19.4.3.1 � Nature Experience

In order to characterize the students’ nature experiences, data coding focused on 
outer aspects (setting, type of interaction, entities encountered and social context), 
as well as inner aspects (emotions, aesthetic judgments) of the nature experience. 
This distinction was guided by Matthew Zylstra, who described meaningful nature 
experiences as “a continuous shifting interaction between the inner and outer” 
dimensions (Zylstra, 2014, 241). More specifically, we analyzed the following 
aspects:

•	 the setting of the nature experience (Where did the nature experience happen? 
Was it a natural setting or a human-made setting? Was the setting close to school 
or a vacation setting?),

•	 the student’s interaction with nature (What did the student do? Which senses 
were involved?),

•	 the entities in nature the student encountered (Did the nature experience involve 
plants, animals, the landscape?),

•	 the social context (Which people were involved in the nature experience?),
•	 the emotions and aesthetic judgments elicited by the nature experience (Did the 

students describe positive or negative emotions? Did the students comment on 
the beauty of nature?).
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Concerning the middle and high school students’ interactions with nature, our anal-
yses were guided deductively by the following five types of interactions (Bögeholz, 
1999, 2006; Lude, 2001):

•	 the aesthetic dimension: enjoying the beauty of plants animals, landscapes,
•	 the exploratory dimension: observing animals, looking closely at plants and 

exploring natural places,
•	 the instrumental dimension: cultivating and using parts of plants, as well as 

breeding or caring for domestic animals,
•	 the recreational dimension: playing and doing leisure activities in nature,
•	 the social dimension: having a strong emotional relation to a pet.

Concerning the inner aspects (emotions, aesthetic judgments of the nature experi-
ence) of the secondary school students’ nature experiences, our categories of analy-
sis were formed deductively by the nature connectedness inventory (Lumber et al., 
2017), which distinguishes between the positive emotions of happiness (e.g., “Being 
outdoors makes me happy”) and amazement (e.g., “I find being in nature really 
amazing”), as well as aesthetic evaluations of beauty (e.g., “I always find beauty in 
nature”). Inductively, we formed the categories “cool”, “fun”, “relaxing”, and 
“interesting”, which we categorized as positive evaluations.

To characterize the diversity of nature experiences, two independent coders, the 
author of this paper and a person not involved in the research, independently aligned 
the 70 nature experiences with the five dimensions of nature experience. The 
Cohen’s kappa coefficient was 0.84, which we interpreted as almost perfect inter-
rater reliability according to Landis and Koch (1977).

19.4.3.2 � Statistical Analyses

In order to investigate which variables are associated with the perceived personal 
relevance of the nature experience (RQ 1 and RQ 2), we used Mann-Whitney-
Wilcoxon and Kruskal-Wallis H Tests because the data for the variables “perceived 
personal relevance of the nature experience” and “frequency of the nature experi-
ences” was not normally distributed. We report on effect size r, which is small for 
0.10 – < 0.30, medium for 0.30 –< 0.50 and large for ≥0.50. In non-parametric tests, 
the observed data is converted into ranks. Nevertheless, when we report on the sig-
nificance level of the Mann-Whitney-Wilcoxon and Kruskal-Wallis H Test, we also 
report on means and standard deviation to show differences between the groups of 
students we compared which are invisible when mean ranks are reported. To report 
means and standard deviations, we coded the categories “very often” and “very 
relevant” as 4 and “very rare” and “not relevant at all” as 1. Accordingly, high mean 
values signal high perception of personal relevance and high frequency of the nature 
experience. In the context of RQ 2, we used Spearman’s Rho to measure the strength 
of association between “perceived personal relevance of the nature experience” and 
“frequency of the nature experiences.” We considered correlation coefficients 
between 0.50 and 0.70 as moderate, and between 0.3 and 0.5 as low. We used T-Test 
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statistics only once for comparing the mean age of students in the recreational and 
exploratory groups of nature experiences. All statistical analyses were performed 
using SPSS statistical software version 28.

19.5 � Results

To report the results of this study, we provide an overview of students’ nature expe-
riences (see Sect. 19.5.1). Then we present findings to answer the two research 
questions, first on inner and outer aspects of the nature experience and their associa-
tion with perceived personal relevance (see Sect. 19.5.2), and second on the extent 
to which the perceived personal relevance of the nature experience and its frequency 
are associated (see Sect. 19.5.3).

19.5.1 � Overview: Secondary School Students’ 
Nature Experiences

The secondary school students described a broad range of differing personal experi-
ences, which occurred in a variety of natural and human-made settings, and con-
sisted of clearly recognizable interactions with nature. The majority of the nature 
experiences were exploratory (N = 34; 47%) and recreational (N = 29; 40%). Among 
the recreational experiences, there was a fairly large group of nature experiences 
focusing on building huts or tepees from branches in the woods. Fewer nature expe-
riences were instrumental (n  =  2; 3%), social (n  =  2; 3%), and purely aesthetic 
(N = 5; 7%). Generally, visual impressions dominated the descriptions, for example 
looking at a sunset, although there were also a few descriptions mentioning other 
sensations, like feeling the sunshine, listening to birds or music, and tasting self-
grown vegetables. Furthermore, the descriptions differed in terms of the entities 
involved in the nature experience: plants (n = 14; 19%), animals (n = 20; 28%), both 
plants and animals (n = 7; 10%), and other aspects of nature, like the landscape or 
the sunset, but neither plants nor animals (n = 31, 43%). Thus 57% of the secondary 
school students described nature experiences involving plants and/or animals, 
whereas 43% of the secondary school students described nature experiences with-
out plants and/or animals.

Furthermore, secondary school students’ nature experiences had the following 
social contexts: family (n = 22; 31%), one (best) friend (n = 14; 19%), unspecified 
group of people (n = 14; 19%), kindergarten group (n = 5; 7%), and school class 
(n = 2; 3%). Fifteen secondary school students (21%) reported that they were alone 
during their nature experience. For other students, spending time with friends, or 
being with one’s best friend, was an essential aspect of the nature experience. The 
majority of the secondary school students (n  =  49; 71%) evaluated their nature 
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experiences explicitly positively. Three students (4%) commented negatively on 
their nature experience, and 17 students (25%) described their nature experience in 
neutral terms, without using any positive or negative evaluations. The students 
whose texts conveyed positive evaluations mainly used evaluative adjectives, like 
“fascinating”, “interesting”, “nice”, and “fun”, but also explicit descriptions of feel-
ings and reflections of the experience. The most frequently used evaluative adjec-
tives were “beautiful” (n = 22), “cool” (n = 18), “fun” (n = 13), “relaxing” (n = 10), 
and “interesting” (n = 6). Furthermore, the students stated that their nature experi-
ences provided opportunities for learning (n = 1) and inspiration (n = 1), made them 
feel connected to nature (n = 2), happy (n = 1), and good being in one’s favorite 
place (n = 1), as well as having a new experience (n = 1). Very few students (n = 3; 
4%) evaluated their nature experiences negatively. For example, one student 
described a day hike in the mountains (including the trees, the trail covered with 
ground bark and the beautiful sky), but wrote that he did not like the nature 
experience.

Often, the secondary school students’ nature experience elicited emotions, for 
example, “happiness” and “awe”, which the students explicitly mentioned. 
Furthermore, the descriptions contained aesthetic judgments, mainly descriptions of 
natural beauty. Except for one student who provided a description of the pattern of 
moss on one side of the tree, we did not identify any specialized biological knowl-
edge. Instead, the students’ descriptions of nature experiences clearly conveyed a 
personal feeling of lived experience, and not of school biology.

19.5.2 � Findings for RQ 1: How Personally Relevant Do 
the Secondary School Students of this Sample Perceive 
Their Nature Experience and What Variables Are 
Associated with the Perceived Personal Relevance?

In our sample, secondary school students rated the perceived personal relevance of 
their own nature experiences (N = 69; M 3.10; SD .91) well above the theoretical 
mean of the scale (M 2.5). We observed considerable variation in the ratings as 
revealed by the standard deviation.

19.5.2.1 � Age and Gender

We observed statistically significant age differences (p = .001) between students in 
grade 5 (M 3.65 SD .48), grade 8 (M 2.84 SD .89), and grade 11 (M 2.81 SD 1.03). 
The significant differences were between students in grade 5 and 8 (p = .003), and 
between students in grade 5 and 11 (p = .008), that is, students in grade 5 assessed 
higher personal relevance compared to students in grade 8 and in grade 11. Both 
effect sizes are medium (d =  .46 and d =  .45). Looking at the complete sample, 
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gender differences were not statistically significant (p =  .058), although females 
(N = 40; M 3.30 SD .75) rated their nature experiences as more personally relevant 
than males (N = 29; M 2.83 SD 1.03). In grade 5, however, females (N = 11; M 3.91 
SD .30) perceived their nature experiences significantly (p = .027) more personally 
meaningful than males (N = 12; M 3.42 SD .51). The effect size is large (r = .50). In 
grade 8, differences between females (N = 11; M 3.06 SD .65) and males (N = 8; M 
2.38 SD 1.18) were not significant (p =  .107). Likewise, in grade 11 differences 
between females (N = 12; M 3.08 SD .90) and males (N = 9; M 2.44 SD 1.13) were 
not significant (p = .189) either.

19.5.2.2 � Setting of the Nature Experience

79% of the nature experiences occurred in natural settings and 21% in human-made 
settings. Furthermore, we distinguished between nature experiences occurring in 
settings close to school/home (n = 46, 64%), settings within the range of a day trip 
from home (n = 8; 11%), and settings far away from home, which the students vis-
ited on a longer vacation (n = 18; 25%). The latter were often exotic settings, like 
the Namib, Antarctica and the Grand Canyon.

Secondary school students perceived their nature experiences as more personally 
relevant (p = .025) when it occurred in human-made settings (N = 16; M 3.50 SD 
.81) than when it occurred in natural settings (N = 53; M 2.98 SD .90). The effect 
size is small (r = .27). We observed no significant differences in the students’ per-
ceived personal relevance of their nature experiences concerning the distance of the 
setting of the nature experience from home (close to home, within a daytrip from 
home, vacation) (p = .213).

19.5.2.3 � Interactions with Nature

The main types of interactions were the exploratory (N = 32) and the recreational 
dimension (N = 28). We observed no statistically significant differences (p = .120) 
regarding the students’ ratings of personal relevance when we compared explor-
atory (N = 32; M 3.03 SD .86), recreational (N = 28; M 3.00 SD 1.01) and “other” 
nature experiences (N = 9; M 3.67 SD .50). The category “other” nature experiences 
combined students from the aesthetic, instrumental and social dimensions.

19.5.2.4 � Entities Encountered in Nature

We observed no significant differences (p =  .722) in the students’ perceived per-
sonal relevance of their nature experiences when we compared secondary school 
students whose descriptions mentioned plants and/or animals (N = 39; M 3.12 SD 
.92) and secondary school students whose descriptions did not mention plants and/
or animals (N = 29; M 3.07 SD .90).
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19.5.2.5 � Social Context of the Nature Experience

We observed no statistically significant differences (p  =  .09) between secondary 
school students whose nature experience occurred with a friend (N = 14; M 3.43 SD 
.64), with family members (N = 20; M 3.35 SD .67), alone (N = 15; M 3.07 SD .88), 
in an unspecified group (N = 14; M 2.86 SD 1.09), and a school class/kindergarten 
group (N = 6; M 2.17 SD 1.16).

19.5.2.6 � Emotions and Aesthetic Judgements Elicited by 
the Nature Experience

Positive evaluations of the nature experience and explicit descriptions of the beauty 
of nature were associated with the secondary school students’ perception of per-
sonal relevance. More specifically, students perceived their nature experiences as 
more personally relevant (p =  .011) when they evaluated their nature experience 
explicitly positively and/or mentioned the beauty of nature (N = 49; M 3.33 SD .65) 
compared to students who neither evaluated their nature experiences, nor mentioned 
the beauty of nature (N = 17; M 2.53 SD 1.17). The effect size is medium (r = .31). 
There were too few students who evaluated their nature experiences explicitly nega-
tively (N  =  3; M 2.67 SD 1.52) to include them in the tests of statistical 
significance.

19.5.3 � Findings for RQ 2: To What Extent Are the Perceived 
Personal Relevance of the Nature Experience and Its 
Frequency Associated?

Secondary school students rated the frequency of their nature experience (N = 68; 
M 2.68; SD .92) slightly above the theoretical mean of the scale (M 2.5).

We observed statistically significant age differences (p = .011) between students 
in grade 5, 10–11 years old (N = 22; M 3.09 SD .81), grade 8, 13–15 years old 
(N = 26; M 2.65 SD .93) and grade 11, 16–18 years old (N = 29; M 2.25 SD .85), 
(F(2,65) = 4.88; p = .011). The statistically significant difference was between grade 
5 and grade 11 (p = .008). The effect size is medium (d = .46). Furthermore, in the 
whole sample, female students (N = 39; M 2.85 SD .87) rated the frequency of their 
nature experience higher than male students (N = 29; M 2.45 SD .94), but the differ-
ence was not statistically significant (p  =  .075). In grade 8, however, females 
(N = 18; M 3.00 SD .76) rated the frequency of their nature experiences signifi-
cantly higher (p = .003) than males (N = 8; M 1.88 SD .83). The effect size is large 
(r =  .55). In grade 5, differences between females (N = 10; M 3.30 SD .65) and 
males (N = 12; M 2.92 SD .90) were not significant (p = .091). Likewise, in grade 
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11, differences between females (N = 11; M 2.18 SD .87) and males (N = 9; M 2.33 
SD .89) were not significant (p = .769) either.

Note that we asked the students to rate the frequency of the nature experience 
they had described and not of their nature experiences in general. The specificity of 
the information allows us to test the hypothesis that students who find a specific 
nature experience personally relevant seek to re-engage in it. Correlational analyses 
revealed a low positive (rs = .42) and statistically significant relationship (p = .001) 
between the secondary school students’ perceived relevance of their nature experi-
ence (all three types combined) and the frequency of such nature experiences. We 
calculated correlation coefficients for each of the three types of interactions (explor-
atory, recreational and other). For recreational nature experiences, the relationship 
was moderate (rs  =  .51) and statistically significant (p  =  .006). For exploratory 
nature experiences (rs = .29; p = .102) and for other nature experiences (aesthetic, 
instrumental and social combined) (rs =  .49; p =  .237), in contrast, we found no 
statistically significant associations between perceived personal relevance and the 
frequency of the nature experience.

Almost all secondary school students (98%) indicated that the nature experience 
described did not occur in the context of biology education. The only student, whose 
moment occurred in the context of biology education, described the activity of tak-
ing nature photos for a biology class. The majority (N = 59, 82%) advocated that 
biology instruction provide more frequent opportunities for the kinds of nature 
experiences the students had described, whereas 11 students (15%) did not. 
Advocating and non-advocating students did not differ in their assessment of per-
ceived personal relevance of the nature experience (p = .105) and in the frequency 
of such nature experiences (p = .118). The main reason the advocating students gave 
was that nature experiences provide opportunities for learning and can enrich biol-
ogy instruction, which they described as often too far removed from direct contact 
with nature (N = 31, 43%). For example, one student argued that biology instruction 
should acknowledge personally relevant nature experience “because in biology 
classes we are rarely in nature”.

19.6 � Discussion

Studying students’ nature experiences is a well-established research strand in biol-
ogy education research (Kellert, 2002). This study focused on variables associated 
with the perception of personal relevance of a nature experience (RQ 1), and the 
relationship between the perceived personal relevance of a nature experience and 
the frequency of experiences of the same kind (RQ 2). The contribution of this study 
lies in studying students’ nature experiences from their own authentic portrayals – 
and not by using retrospective designs or pre-formulated items to investigate the 
different dimensions of high school students’ anticipated nature experiences. This 
methodological approach allows for high internal validity because the students por-
trayed a moment in nature they remembered very well and rated the personal 
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relevance of the same moment. Using a quantitative approach, we were then able to 
identify inner and outer aspects of the students’ nature experiences associated with 
the perceived personal relevance of the same nature experience, which we found 
positively correlated with the frequency of nature experiences of the same kind. 
From this, we derive the recommendation that outdoor educators make nature expe-
riences personally relevant, and thus motivating for secondary students to re-engage 
in them to counteract the extinction of experience.

As main findings for RQ 1, age, gender, the setting of the nature experience and 
positive evaluations and/or descriptions of the beauty of nature were associated with 
the secondary school students’ perceived relevance of their nature experience 
(Table 19.1). In particular, younger secondary school students (10–11 years old) 
perceived their nature experiences more personally relevant than the two age groups 
of older secondary students (13–15 years old and 16–18 years old). This finding is 
consistent with that of Kaplan and Kaplan (2002), who argue that children attach 

Table 19.1  Summary of variables associated with secondary school students’ perceived relevance 
of their nature experience

Associated 
variable Description

Effect size /strength of 
correlation

Age Younger students (10–11 years old) perceive higher 
personal relevance than older students (13–15 years 
old and 16–18 years old)

Medium
r = .46 for the 
comparison between 
students (10–11 years 
old) and students 
(13–15 years old);
r = .45 for the 
comparison between 
students (10–11 years 
old) and students 
(16–18 years old)

Gender Female students (10–11 years old) perceive higher 
personal relevance than male students (10–11 years 
old)

Large
r = .50

Setting of the 
nature 
experience

Students (10–18 years old) perceive higher personal 
relevance in human-made settings than in natural 
settings

Small
r = .27

Positive 
evaluation and/
or perception of 
beauty

Students (10–18 years old) who evaluate their nature 
experience explicitly positively and/or comment on 
the beauty of nature perceive their nature experience 
as more personally relevant than students who do not 
explicitly evaluate their nature experience positively 
and/or do not comment on its beauty

Medium
r = .31

Frequency of 
the nature 
experience

For students (10–18 years old) who engage in 
recreational nature experiences, correlational 
analyses revealed a moderate positive and statistically 
significant relationship between the perceived 
relevance and the frequency of such nature 
experiences

Moderate
rs = .51
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more importance to nature than adolescents (for an extended discussion of this find-
ing see also Price et al., 2022). Furthermore, this finding is consistent with research 
in school-aged children’s nature connectedness, which included students of the 
same age groups and found a dip in nature connectedness from age 10–12 to age 
13–15, as well as a similar levels of nature connectedness between age 13–15 and 
age 16–18 (Richardson et  al., 2019). These parallel findings are also interesting 
from a methodological perspective: The six-item scale for measuring nature con-
nectedness used by Richardson et al. (2019) contained the item “Spending time in 
nature is very important to me”, which is similar to the item used in this study to 
assess the personal relevance of the nature experience portrayed by the student 
(“How personally relevant are such moments/situations in nature for you?”). 
Although the rating scales differed and the item used by Richardson et al. (2019) is 
formulated in a more general way than the item used in this study, further efforts 
need to be made to disentangle the theoretically different variables.

Furthermore, we observed significant gender differences among children 
(10–11  years old), with girls reporting higher personal relevance of their nature 
experience than boys. This is also consistent with prior findings about gender differ-
ences (Müller et al., 2009). Contrary to expectations, however, this study did not 
find a significant gender difference for adolescents, perhaps because the sample size 
was small and the data were not normally distributed. The type of interaction with 
nature was not associated with students’ perceived personal relevance of the nature 
experience. In particular, secondary school students who described recreational 
activities rated their perceived personal relevance at the same level as secondary 
school students who described exploratory nature experiences. This is a somewhat 
surprising finding because Kaplan and Kaplan (2002) argue that adolescents attach 
less importance to nature herself and take a “time out” from nature by seeking 
activities with peers which are set in nature, but not directed at nature herself. In the 
present study, in contrast, age differences between students describing exploratory 
and recreational activities were not statistically significant (although the former 
were younger than the latter), and the relevance ratings were almost identical. In 
conclusion, because the personal relevance of a nature experience seems individu-
ally constructed and a function of individual and biographical factors (Gebhard, 
2020), it is obviously insignificant for the perception of personal relevance as to 
whether nature is an essential feature of the experience – as in exploratory nature 
experiences – or nature sets the context for recreational nature experiences.

Concerning RQ 2, correlational analyses supported the hypothesis that second-
ary school students who perceive their own nature experience as personally mean-
ingful, also report to engage in it more frequently (and vice versa) than students who 
do not perceive it as personally meaningful. This finding is crucial because the moti-
vation to engage (and re-engage) in nature experiences is positively correlated with 
pro-environmental attitudes and behavior (Wells & Lekies, 2006; De Ville et al., 
2021). Interestingly, we found a significant positive correlative relationship between 
personal relevance and frequency only for recreational nature activities, and not for 
exploratory nature activities. The reason for this may be related to a limitation of the 
research method we used because we asked the students to provide information 
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about the frequency of a single experience. An unusual encounter with an animal 
(which we attributed to the exploratory dimension), therefore, can be rated as per-
sonally relevant, but its frequency can be rated as rare or very rare because of the 
scarcity of opportunities for the encounter.

Regarding educational implications, outdoor educators are recommended to seek 
activities that make students – in particular older secondary students – aware of the 
fact that nature experiences can be personally relevant and thus motivating to re-
engage in them. Generally, interventions that aim at increasing the personal rele-
vance of nature experiences need to acknowledge the diversity of personal 
preferences and individual experiences because the perceived personal relevance of 
nature experiences is subjective and probably formed through individual prior expe-
riences in nature. For example, encouraging secondary students to self-reflect on 
personally relevant nature experiences  – as an educational activity  – may make 
secondary school students aware of their preferences and habits, and increase the 
likelihood that they re-engage with nature experiences of the same kind. Such inter-
ventions still need to be developed and evaluated, but for nature connectedness, a 
related construct, reflective self-attention was associated with an increase in con-
nection to nature (Richardson & Sheffield, 2015).

Another type of intervention aiming at increasing the awareness of the personal 
relevance of nature experiences can involve the simple activity of noticing aspects 
of one’s own nature experience that make it personally relevant. Again, such aspects 
are subject to personal preferences and individual experiences, although this study 
suggests that positive evaluations (feelings, emotions), as well as the perception of 
beauty, are positively correlated with the perceived personal relevance of the nature 
experience across the different age groups of the secondary school students studied. 
Similar approaches have been developed in the related field of nature connected-
ness, where they proved effective in empirical evaluations. One of these interven-
tions involved the simple activity of noticing the good things in nature (McEwan 
et al., 2019). Another intervention focused on pathways to nature connectedness, 
and one of the pathways – the beauty pathway – encouraged people to pay attention 
to beautiful surroundings and think about how what they saw made them feel when 
they were walking in the countryside (Lumber et  al., 2017). To counteract the 
extinction of experience, such approaches are very valuable and congruent with the 
findings of this study.
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Chapter 20
Challenges Emerged During an Action 
Research Approach Applied 
in a Schoolgarden Project: Reflections 
and Revisions

Anthi Christodoulou and Konstantinos Korfiatis 

20.1 � Introduction

In this paper, we describe the challenges that emerged during a school project, 
where elementary school students participated in the cultivation of a school kitchen-
garden. We also explain how the educational team transformed its research and 
teaching strategies to overcome these challenges. The aim of the project was to 
develop, through gardening, the self-determined environmental motivation of a 
group of elementary students from a disadvantaged background. As it has been 
shown in many studies, school gardens in their various forms (botanic gardens, 
kitchen gardens; recreational gardens, etc.) enhance students’ motivation to partici-
pate not only in the garden experience, but also in the school and community life 
(Blair, 2009; Darner, 2012; Murakami et  al., 2018; Christodoulou & Korfiatis, 
2019). In all the cases reported in the literature, the key to a successful school gar-
den project is the degree of active participation of the children in the management 
and the various activities of the project (Korfiatis & Petrou, 2021).

Furthermore, an Action Research (AR) approach was adopted as it was consid-
ered to be the best way to achieve the goal for which the program was designed. 
According to the classic definition by Elliot (1991), an AR is the study of a social 
situation with a view to improving the quality of action within it. The aim of AR is 
to improve work practices through collaborative inquiry following a spiral of plan-
ning, acting, observing, and reflecting (Zuber-Skerritt, 2018): The planning stage 
includes the design of the project and the clarification of the target. The acting stage 
includes the implementation. The observing stage includes data collection. Finally, 
the reflecting stage includes conversations and critical thinking between the research 
team members about the collected data, the challenges that emerged during the 
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implementation and the changes they should consider applying to the next research 
cycle. AR is a cyclical iterative process of action and reflection on and in action. 
Theory and practice are not separated; however, they are integrated as well as 
research and development. In that way AR allowed the continuous revision and 
improvement of the project, so as to better meet the needs of the participating stu-
dents whose environmental motivation was about to be identified after the 
implementation.

AR has been used in a variety of environmental education studies to help practi-
tioners examine and transform their practice and improve education programmes 
(Doyle & Krasny, 2003; Can et al., 2017; Do Carmo Galiazzi et al., 2018; Servant-
Miklos, 2022). In the research presented here, AR had a dual role: to facilitate the 
evaluation of project implementation and to support the participating educators in 
examining and transforming their teaching practice.

Our aim was to understand how this project worked, what challenges the action 
research team faced and how they managed to overcome them. We hope that the 
outcomes of this research offer insights to educators aiming to motivate and engage 
vulnerable youth in environmental and sustainability actions.

Therefore, this paper aims to answer the following question: How were the 
researchers’ strategies transformed to overcome the challenges that emerged during 
the action research project?

20.2 � Research Design and Method

20.2.1 � Participants

Thirteen, six- to twelve-year-old students from a rural primary school participated 
in the project. Participation was voluntary and anonymous, and all the ethical con-
siderations had been taken into account, including written agreement from the par-
ticipating children and their guardians, as well as written permission from the 
ethical committee of the Ministry of Education. All participants were members of a 
group following afterschool activities organised by the school they were studying, 
after the end of the formal curriculum programme. Four of them were boys and nine 
were girls. Most of the students came from families with low socio-economic level 
that find it difficult to obtain their basic survival needs (ex. daily food). They also 
expressed low motivation, low interest in participating in school life, high obesity 
rates and detachment from nature, despite the fact that they were living in a rural 
environment.

The AR team consisted of the Teacher/Researcher (T/R), the critical friend, the 
facilitators (i.e. the TR’s academic advisor and the school’s principal) and three 
more teachers in the same school, who were the research partners.
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20.2.2 � Roles

According to Reason and Bradbury (2008), participation is the defining characteris-
tic of action research. Participation is central to AR methods, which talks of research 
‘with’ people rather than ‘on’ or ‘for’ them, involving all participants as co-inquirers 
(Heron & Reason, 2006). The research team may include as few as two persons, or 
it may include several teachers and administrators working with university staff or 
any other external agency (Caro-Bruce, 2000). During the AR process of the present 
study, all participants had a specific role, as it is described in other AR settings (Can 
et  al., 2017; Hawkins, 2015). However, until the end of the intervention, some 
responsibilities needed to be explained or changed. The flexibility of the AR team 
roles has been stated by other researchers (Avgitidou, 2009).

The roles assumed by the participants in this action research project are outlined 
as follows:

20.2.2.1 � The Teacher/Researcher

The T/R, who is the first author of this paper, had multiple responsibilities during 
the project, as it is often the case in educational AR projects (Kember, 2000). As a 
“Coordinator”, she explained the main goals of the project to the members of the 
team, outlined their roles and responsibilities, facilitated their cooperation and 
organised the meetings. As a “Teacher”, she implemented the activities with the 
students in rotation with the critical friend. Finally, as a “Researcher”, she was 
observing and taking notes on students’ participation during the project.

20.2.2.2 � Critical Friend

In the AR literature, a critical friend is defined as a trusted person who is invited to 
join an AR project based on the qualities of knowledge, experience, and skills 
(Campbell et al., 2004). Generally, the role of a critical friend is to ask questions, 
provide data to be examined through another lens, and offer a critique of a person’s 
work as a friend (Noor & Shafee, 2021). The critical friend was chosen by the T/R 
from her colleagues (teachers in the same school), because of her previous teaching 
experience with the same group of students, as well as her previous research experi-
ence in similar research settings.

The critical friend worked as “the Partner”, giving advice and professional feed-
back to the T/R, as an “Evaluation Advisor”, controlling and evaluating the applied 
theoretical practices of the project, and finally as a “Teaching Assistant & 
Consultant”, providing students with the necessary tools or any other materials they 
needed for the activities and encouraging students to participate, cooperate and 
express their thinking with their team members.
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20.2.2.3 � Outside Researchers

Students facilitated as ‘outside researchers’, a characterization adopted from Doyle 
and Krasny (2003). They provided the T/R with comments, thoughts, initiatives, 
and ideas through their reflections. They communicated the facts they observed with 
the T/R and they were active participants by making recommendations and taking 
the final decisions about the actions they wanted to get involved in during the 
project.

20.2.2.4 � Facilitators

The T/R’s academic advisor and the school’s principal were the facilitators of the 
AR process. T/R’s academic advisor played mostly a consulting role by providing 
scientific information about the methodology and the theoretical approaches of the 
project. He also inspired, mobilised and encouraged the T/R.

The school principal was responsible for designing the teaching programme dur-
ing the working hours of the elementary school and making sure that it was being 
applied effectively. Also, the school principal provided the T/R with useful informa-
tion about the participating students (academic performance, social conditions, etc).

20.2.2.5 � Research Partners

Three teachers in the same school served as research partners by keeping notes 
about participating students’ collaboration, as well as students’ attitudes or expres-
sion of ideas or emotions during their involvement with gardening.

20.2.3 � The School Kitchen-Garden Project

A school kitchen-garden is distinguished from other types of school gardens (e.g. a 
botanical garden, or a recreational garden), participation in a kitchen-garden project 
also includes participation in the preparation and cooking of meals using products 
harvested from the garden (Gibbs et al., 2013). After convincing the school princi-
pal of its benefits, the authors of this article initiated the project. The activities of the 
project were designed by the T/R based on students’ thoughts and decisions. Some 
examples of students’ involvement in the project include the selection of the vege-
tables they wanted to plant and the location of the garden in the school yard, deco-
rating the garden, deciding how to utilize their harvest, how to take care of the 
garden and deal with its ‘enemies’ (i.e. bad weather, parasites and weeds). Students 
also cooked food using their own harvest. Overall, students had the most active role, 
while the adult participants in the project (i.e. the T/R, other teachers, the principal, 
etc.) functioned as collaborators, facilitators, and partners. The project included 

A. Christodoulou and K. Korfiatis



281

weekly routines concerning the cultivation of vegetable plants, as well as seventeen 
40-min meetings between the children and the T/R.

20.2.4 � The Action Research Process

During the present study, meetings were held during the planning stage of the first 
AR cycle to ensure that the adult participants in the AR acknowledged the main 
goals of the project, the research and teaching strategies they needed to apply, as 
well as their specific role.

Furthermore, meetings were held regularly following the circular stages of the 
AR process. All meetings were scheduled by the T/R. However, sometimes unsched-
uled meetings needed to take place to deal with a challenging situation that had 
emerged. The unscheduled meetings were mostly held between the T/R and the 
critical friend to deal with challenges relating to students’ cooperation.

During the meetings, the team members discussed their observations and the 
students’ reflective notes. Also, they evaluated the research tools and the teaching 
strategies they used. Finally, during the reflection stage of the AR cycles, the team 
discussed possible changes and revisions needed for the kitchen-garden project.

20.2.5 � Data Collection

Observation Notes  During the project, the T/R, the critical friend, and the research 
partners recorded any kind of observation they made on students’ participation dur-
ing gardening, as well as concerning student comments, or expressions of feelings 
or ideas. Additionally, the T/R kept notes concerning research-partners’ pedagogi-
cal approaches and implementation of research tasks.

Students Scheduled & Unscheduled Reflecting Notes  The scheduled reflective 
notes were open-ended forms with more specific questions about students’ feelings 
and experiences that were completed by the students in the middle and at the end of 
the project. The unscheduled reflective notes were open-ended forms that students 
filled in whenever they wanted to express their personal reactions, feelings, con-
cerns, ideas, initiatives, or decisions concerning gardening. These were completed 
independently by each student during the project.
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20.2.6 � Data Analysis

All observations and reflective notes were studied by the T/R as the project was run-
ning, in order to identify if the research or teaching strategies which had been 
applied in each cycle were effective or not towards the aim of the project, or if revi-
sions were needed. For example, a note during the second cycle of the project was 
as follows: “Student 4 expressed non-participatory behavior. Specifically, he refused 
to help his team members water the crops.” After this observation, a new approach 
to help this student was applied by the T/R, and changes in his attitude and behavior 
were recorded during the third cycle.

Simultaneously, the T/R identified all the challenges that emerged during the 
cycles of the AR process and came up with four broader categories of those chal-
lenges by using the method of content analysis (Cohen et al., 2018). Some of the 
challenges emerged before the beginning of the project, during the planning stage 
of the first AR cycle. Some challenges emerged during the implementation of the 
project, and some emerged towards the end of the project. The first category included 
challenges regarding “The coordination of the AR team” (Table 20.1). The second 
category included challenges about “The AR team pedagogical skills” (Table 20.2). 
The third category included challenges concerning “The AR team research skills” 
(Table  20.3). Finally, in the fourth category the T/R included challenges about 
“Students’ participation” (Table 20.4). For each challenge, a specific strategy was 
recommended to overcome the situation (see Tables 20.1, 20.2, 20.3, and 20.4).

20.3 � Findings

Four research cycles were carried out from the beginning until the end of the proj-
ect. The T/R and the rest of the adult participants in the project concluded that no 
further revision of the implemented practices was necessary after the fourth cycle.

Table 20.1  Coordination of the AR team

Challenges Solution/new strategy

AR team members:
Need to participate voluntarily in 
the AR process. Also, they should 
feel confident about participating in 
the AR process and develop 
cooperative relations among 
themselves.

The T/R organised meetings before the implementation 
while the AR team members were informed analytically 
about the main goals of the project and, the problems 
which lead to the necessity to implement the project. The 
AR team members were convinced about the necessity and 
value of implementing this AR.

Format students’ groups Students’ gender, age, academic level and social 
relationships were considered by the AR team in order to 
format their students’ groups.

A. Christodoulou and K. Korfiatis



283

Table 20.2  AR team members’ pedagogical skills

Challenges Solution/new strategy

The AR team members lack 
pedagogical skills, which lead to 
over-structured and teacher-centered 
activities instead of open inquiry ones

The T/R decided to implement (by herself) most of the 
activities with the students and to record more 
systematically the role of the critical friend who was 
providing feedback on students’ thoughts and 
initiatives.

Table 20.3  AR team research skills

Challenges Solution/new strategy

During the beginning of the project, limited 
data was collected about students’ behaviour 
during project activities. This was due to a 
lack of researcher skills.

The T/R gave specific guidelines to the AR team 
about “what” to observe.
She changed the methodological tools by:
(a) Collecting students’ reflecting notes
(b) Introducing an observation rubric for use by 
the members of the AR team.

The reporting of students’ initiatives relating 
to the project.

The T/R developed purposeful conversations 
with students trying to elicit their thoughts and 
ideas.

Data triangulation and validity. AR team observations were cross-checked with 
students’ personal reflections and some data 
derived from the post interviews between the 
T/R and the students.

Table 20.4  Students’ participation (interest & cooperation)

Challenges Solution/new strategy

Attract students’ attention at the beginning 
of the project.

The T/R introduced the participants to a real issue 
concerning their lunch preparation in their 
school.

The T/R identified students’ concerns about 
satisfying their basic survival needs (e.g., 
daily food). Due to that concern, they were 
unable to focus on other activities such as 
environmental activities (low environmental 
motivation).

The T/R took advantage of their concern and 
managed to make students understand the 
usefulness of participating in the specific 
environmental activities of the project for their 
lives (e.g., find a way to produce their own food).

Non-participatory behaviour of some 
students led to collaboration problems 
between students in the same group. Also, 
there was reduced interest from some 
students during the last sessions of the 
project.

The T/R approached students to understand the 
reasons for their non-participatory behaviour. She 
tried to convince them about the meaning of 
cooperating with their group members to achieve 
their common goals (e.g., giving them examples 
of similar situations).

Non-participatory behaviour of some 
students during specific activities.

The T/R applied activities promoting students’ 
creativity, mobility and autonomy.
The T/R decided to introduce external motives 
(e.g., diplomas) to attract those students’ interest.
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20.3.1 � Action Research Cycles: Cycle 1

20.3.1.1 � Plan: The Preparations

The educational meetings which were organised by the T/R aimed to inform the AR 
team about the main goals of the project and to understand its value and the need for 
its implementation. Also, semi-structured interviews were held between the T/R and 
the students at this stage. At the same time, the T/R was informed by the school’s 
principal and other teachers about participating students’ school performance and 
social condition.

20.3.1.2 � Action: The Beginning of Implementation

Students were introduced to a realistic situation (our food and how it is produced) 
and took the decision to create a kitchen-garden in their school. They started work-
ing in mixed groups (concerning age, gender, school performance) of 3–4 members 
that were formed by the T/R. The students initiated conversations between their 
group members and the AR team. They also expressed their first thoughts about  
the cultivation activities (e.g., where, what, when to plant) and ideas about how to 
take care of their kitchen-garden (e.g., watering their crops, observing and keeping 
the planting area clean from litter and weeds). The T/R and the critical friend  
coordinated the activities of the project.

20.3.1.3 � Observations & Reflections

The AR members collected limited data about students’ reflections and reactions 
towards the activities of the project and about students’ psychological needs of 
autonomy and competence. However, they managed to identify evidence of students 
participating effectively during their conversations. The T/R decided to transform 
the methodological tools to assist the AR members in collecting data.

20.3.2 � Action Research Cycles: Cycle 2

20.3.2.1 � (Re)Plan: The First Cycle Changes Applied to the Second Cycle 
of the Implementation

The T/R applied two additional methodological tools: The scheduled and unsched-
uled reflecting notes that needed to be filled out by the students and the use of an 
observation rubric by the AR team for a better systematical recording of information 
about students’ actions and behaviour. Also, the T/R drew the other AR team 
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members’ attention to the fact that their pedagogical practices needed to be more 
student-centered than teacher-guided. Finally, the T/R designed a diary of students’ 
responsibilities for their kitchen-garden.

20.3.2.2 � Action: Implementing the First Cycle Changes and Students’ 
Decisions into the Second Research Cycle

Students continued working and collaborating in groups. They created their kitchen-
garden and started following a diary of responsibilities. They also decorated their 
garden and invited members of the community (municipality officials, parents) to 
visit it.

20.3.2.3 � Observations & Reflections

The AR team members noticed that most, but not all, of the students’ groups coop-
erated effectively. Some students felt disappointed and worried about their crops 
due to rainy days and because they noticed some marks on their crop’s leaves. Also, 
not all students followed the diary of responsibilities and some students expressed 
non-participatory behaviour. The AR members noted this and wrote down their 
comments. Furthermore, the AR members mentioned and discussed specific 
moments of students’ motivation. These moments were either observed by the AR 
team or were written by the students in their reflective notes. Finally, the T/R evalu-
ated the use of the two additional methodological tools and the AR members teach-
ing approaches.

20.3.3 � Action Research Cycles: Cycle 3

20.3.3.1 � (Re)Plan: The Second Cycle Changes Applied to the Third Cycle 
of the Implementation

The AR team decided not to change students’ groups. However, they decided to 
provide more help, support, and encouragement to students to help them overcome 
the challenges that had upset them. For example, they encouraged students to search 
for different ways of dealing with their garden “enemies”. Also, the AR team applied 
a “personal approach” toward students expressing non-participatory behavior in 
order to gather information about their behaviour. The T/R decided to be the only 
member responsible for conducting activities with the students in order to apply 
more student-centered teaching approaches. The diary of responsibilities was can-
celled, and the students were free to choose when and who would be involved in 
taking care of their garden.
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20.3.3.2 � Action: Implementing the Second Cycle Changes 
and Students’ Decisions

The students collaborated with their group members and organised a plan to deal 
with their crop’s “enemies” by applying organic solutions (e.g., they placed ashes in 
the soil to prevent snails approaching their crops). Each student decided indepen-
dently how many times per week he/she would deal with the gardening. Finally, 
students started discovering the advantages of creating a kitchen-garden (physical 
activity; enjoyment; watching plants grow; food production).

20.3.3.3 � Observations & Reflections

The AR team noticed that some students continued to reveal non-participatory 
behaviour and tried to find the reasons behind this behaviour. They decided to apply 
an external motive to attract those students’ attention. At the same time, they noted 
instances where students expressed relatedness, autonomy and competence. Also, 
they noticed that fewer students asked for help and expressed concerns about the 
kitchen-garden.

20.3.4 � Action Research Cycles: Cycle 4

20.3.4.1 � (Re)Plan: The Third Cycle Changes Applied to the Fourth Cycle 
of the Implementation

The AR team members continued to encourage and support students. They also 
continued to apply the “personal approach” and engaged in more discussions with 
the students about their feelings and their intentions regarding the kitchen-garden. 
Additionally, they decided on the introduction of the external motive of giving 
diplomas to all students who were seen to care about their garden.

20.3.4.2 � Action: Implementing the Second Cycle Changes 
and Students’ Decisions

Students continued to work collectively, being encouraged, and rewarded (with 
diplomas) by the AR team when they got involved in their kitchen-garden care.

20.3.4.3 � Observations & Reflections

The number of students who worked collectively significantly increased. At the 
same time, students who revealed a high level of interest from the beginning of the 
project increased the frequency of visiting and working in their kitchen-garden. 
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Also, most of the students made sure that their participation did not go unnoticed by 
the T/R, who would provide them with the diplomas. It seems that the external 
motive of diplomas worked effectively in students’ participation in the project.

20.3.5 � Challenges Emerged During the Action 
Research Cycles

Tables 20.1, 20.2, 20.3, and 20.4 present all the categorised challenges that emerged 
during the above-mentioned AR cycles and the new strategies that were applied as 
the solution to each challenge.

20.4 � Discussion

This AR study highlights core issues that emerged through the implementation of a 
kitchen-garden programme with a group of vulnerable elementary school children.

During an AR that takes place in a school, problematic issues can appear con-
cerning either the research team members, or the students participating in the pro-
cedure (Zhou, 2012; Can et al., 2017). This was apparent in the present study as all 
the challenges concerned either the AR team or students’ participation in gardening. 
The issues referred to four different aspects: The coordination of the AR team, the 
AR team’s pedagogical skills, the AR team’s research skills and the students’ 
participation.

The process of an AR requires much effort, concentration and systematicity. The 
AR team members, having a participatory role, are responsible for identifying not 
only the challenges that emerged during the AR process but also the strategies that 
lead to the solution of those challenges. The reflective character of an AR is a huge 
advantage in this process (Palmer, 2017; Pine, 2009; Reason & Bradbury, 2008). 
According to Katsenou et al. (2015), a key and fundamental characteristic of AR is 
its participatory and critical-reflective nature.

In the present study, most of the challenges that emerged were about students’ 
participation. Challenges concerned their interests and their collaboration in the 
activities of the kitchen garden project. The T/R applied specific strategies to attract 
students’ attention and to support their collaboration. Strategies (such us engaging 
in a real scenario deriving from students) and applying games (such as role playing 
or debates) provided students with the opportunity to choose and apply their own 
decisions concerning the activities of the project. These strategies were applied suc-
cessfully in the present project, but they are also recommended by other researchers 
(Liao & Wang, 2008).

Another important outcome was that during the specific AR no challenges 
emerged concerning the research team’s relationship and collaboration. This was 
probably due to the educational meetings that were held between the AR team 
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members before the implementation. During those educational meetings, the AR 
team members were convinced about the need to implement the project. Therefore, 
the AR team members expressed their personal interest and volition in participating 
in the AR process. According to Barber et al. (2021), collaboration between action 
researchers is the key to AR.

Another outcome of the specific study that comes into agreement with previous 
findings is that the teachers participating in an AR need professional development 
with respect to methods and techniques for doing AR (Zhou, 2012; Kalaitzidaki & 
Filippaki, 2021). Even though the T/R organised educational meetings before the 
implementation during which she tried to explain the observatory role of each AR 
team member, the student-centered pedagogical approaches they needed to apply 
and the AR methods, the outcome didn’t meet the preferred standards as this strat-
egy did not work very effectively. It seems that more than educating meetings is 
required to develop the research skills of the teachers. More frequent experiences of 
participating in different research settings would be helpful to develop the appropri-
ate research skills.

Finally, an important outcome of the specific study was that the success of imple-
menting the project was due to the effective collaboration between the AR team 
members and the students. The relationship between the co-researchers and the par-
ticipants is very important during an AR process (Jacobs, 2016).

Nobody can be sure in advance about the process and the outcomes of an AR 
project. The specific research highlights core issues (challenges about the AR team 
coordination, the AR team members pedagogical and research skills) which can 
emerge through the implementation of a kitchen-garden project with vulnerable 
elementary school children. Nevertheless, it would be very useful to know the pos-
sible challenges that may arise during an AR process as well as some specific rec-
ommendations to deal with those challenges.

During this project, a research group committed to dialogue, shared knowledge 
and action, managed to create a participatory and effective project with participating 
vulnerable children. Specific strategies such us organising regular meetings between 
the research team members, developing a friendly relationship between teachers 
and participating students, having a personal approach towards students who par-
ticipate in the applied project (e.g., private conversations), identifying students’ per-
sonal worries or social difficulties and applying activities promoting students’ 
creativity, mobility and autonomy, could be helpful to other environmental educa-
tional projects, as well.
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Chapter 21
Assessing the Quality of Mentoring: 
Evidence-Based Development of a Training 
Programme for Biology Mentors 
and Pre-service Biology Teachers 
for Scientific Issues

Emanuel Nestler, Carolin Retzlaff-Fürst, and Jorge Groß

21.1 � Introduction

The first lessons which pre-service biology teachers give in school are mentored by 
experienced biology teachers – called ‘biology mentor teachers’ (BMTs) or ‘men-
tors.’ These placements are called ‘practical experience settings’, ‘year of practice’, 
or, in our case, ‘practical exercises in school’. This is the first time where pre-service 
biology teachers need to apply their professional knowledge in the complex teach-
ing situation. Biology mentor teachers help pre-service biology teachers develop 
into reflective practitioners (Schön, 1983).

What we know is that a good teacher does not necessarily have to be a good biol-
ogy mentor teacher. As experts, mentors must make tacit knowledge explicit again 
(Bromme & Jucks, 2014), bring this knowledge profitably into conversations (Ellis 
et al., 2020; Kreis, 2012), and develop an appropriate mentor role (Crasborn et al., 
2011; Hennissen et al., 2008). A serious weakness of biology teacher training is that 
only a few projects and even fewer studies (Elster, 2008; Nestler et al., 2022) exist 
that focus on the task to train experienced biology teachers to become mentors.

In 2015, a SWOT analysis of teacher training in Mecklenburg-Western Pomerania 
revealed this deficient lack of BMT training. Afterwards, a BMT training with one 
focus on subject-specific mentoring was created and introduced. One major focus of 
the mentor training was to support pre-service biology teachers in teaching Scientific 
Inquiry.

E. Nestler (*) · C. Retzlaff-Fürst 
University of Rostock, Rostock, Germany
e-mail: emanuel.nestler@uni-rostock.de; carolin.retzlaff-fuerst@uni-rostock.de 

J. Groß 
Leibniz University of Hannover, Hannover, Germany
e-mail: gross@idn.uni-hannover.de

© The Author(s) 2024
K. Korfiatis et al. (eds.), Shaping the Future of Biological Education Research, 
Contributions from Biology Education Research, 
https://doi.org/10.1007/978-3-031-44792-1_21

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-44792-1_21&domain=pdf
mailto:emanuel.nestler@uni-rostock.de
mailto:carolin.retzlaff-fuerst@uni-rostock.de
mailto:gross@idn.uni-hannover.de
https://doi.org/10.1007/978-3-031-44792-1_21


294

This paper is part of a larger design-based research study (e.g. Reinmann, 2022; 
van den Akker, 1999) accompanying this process and opening the field of research 
on BMT training. In the first design-cycle, we aimed to connect and compare the 
designed mentor training to previous research on mentoring and mentor training. 
The impact on teaching quality is reported in Nestler et al. (2022). We conducted 
this present study to evaluate the mentoring quality and content of the mentoring 
dialogues before and after BMT training.

The first aim of this paper is to describe our theoretical advancements to connect 
the generic view on mentoring quality with biology-related mentoring. Therefore, 
in the theoretical background, we report on previous studies regarding BMT train-
ing, describe how we adapted the tetrahedron model (based on Prediger et al., 2017), 
and define the core concepts, considering mentoring quality and the content of men-
toring dialogues.

The second aim of this study is to report and discuss the results of evaluating 
mentoring quality and the content of mentoring dialogues.

21.2 � Theoretical Background and Research Question

Barnett and Friedrichsen (2015) point out that mentoring can improve the profes-
sional knowledge of pre-service biology teachers. They focus on pedagogical con-
tent knowledge (PCK) as part of professional knowledge (Baumert & Kunter, 2006; 
Shulman, 1986). Furthermore, there is a growing number of quantitative and quali-
tative studies describing the impact of mentoring on the professional development 
of pre-service teachers (e.g. Hobson et al., 2009; Kindall et al., 2017; Nguyen & 
Parr, 2018). However, as noted by Shulman (1986), we do not have specific domains 
of biology mentors’ knowledge for teachers’ professional knowledge.

Additionally, only a few researchers have addressed biology-related mentoring 
(Barnett & Friedrichsen, 2015; Elster, 2008; Wischmann, 2015; Nestler et al., 2022). 
Barnett and Friedrichsen (2015) report on a case study of educative mentoring to 
support pre-service biology teachers, yet they do not mention training for mentors 
at all. Elster (2008) describes subject-related mentor training for biology mentors, 
while focussing on mentoring for innovative gender-proofed practices in biology 
teacher training. Wischmann (2015) then did research on mentoring dialogues with 
six pre-service biology teachers. In summary, apart from these, there is no broad 
scientific field of BMT research with common methods and instruments.

The range of concepts associated with this area of research thus makes it a very 
complex field.
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21.2.1 � The Tetrahedron Model for a BMT Training

To arrange the concepts needed, we adapted the tetrahedron model for a BMT train-
ing (Nestler & Retzlaff-Fürst, 2020; Nestler et al., 2022) from the three-tetrahedron 
model for content-related professional development research (Prediger et al., 2017; 
Prediger, et al., 2019; Roesken-Winter et al., 2021).

Prediger et al. (2017) highlight one of many advantages of their three-tetrahedron 
model: Researchers can focus on single points, the connections between points of 
one tetrahedron and the connections between different tetrahedrons. We recreated 
this for our specific case, deducing tetrahedrons for biology teacher placements, 
BMT training, and the connected topic of teaching Scientific Inquiry (Fig. 21.1).

The three tetrahedrons of teaching biology, biology teacher training, and BMT 
training are interconnected because every lower tetrahedron is the subject of the 
tetrahedron above. Having a closer look, biology-related mentoring shows itself to 
be the connection between biology mentor teachers, biology pre-service teachers 
and the biology-related subject of the mentoring. To keep our focus on developing 
biology-specific BMT training, we therefore include ‘biology’ in every one of these 
three points of the tetrahedron. In the studied units, our biology mentors should sup-
port pre-service biology teachers in teaching lessons with experiments and living 
animals.

Therefore, in our case, we can adapt the model for the subject of Scientific 
Inquiry (Fig. 21.1).

Fig. 21.1  The tetrahedron model of biology education
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Teaching biology requires professional knowledge of biology teachers (Coe 
et al., 2014; Förtsch et al., 2016). This includes content knowledge (CK), pedagogi-
cal content knowledge (PCK) and pedagogical knowledge (PK) (Baumert & Kunter, 
2006; Shulman, 1986).

The PCK of biology teachers, in turn, includes two of many more parts: teaching 
Nature of Science (NOS; Dittmer & Zabel, 2019; Paul et al., 2016) and teaching 
Scientific Inquiry (SI; Nerdel, 2017).

However, there is no given set of biology mentor knowledge (MK) or skills to 
support pre-service biology teachers in teaching scientific inquiry. For example, one 
review-study about biology mentor teachers’ skills was published in 2020 (Ellis 
et al., 2020) – but it only contains generic MK. Additionally, this study was pub-
lished 3 years after our study was conducted, but it lacks a focus on subject-specific 
aspects of mentoring.

Furthermore, as we know from Kirkpatrick (1959) and in relation to it from 
Lipowsky (2010), learning is only the second level of success of training pro-
grammes. However, an impact of BMT training on biology-related mentoring qual-
ity in the biology teacher placement would be the third and thus higher level of 
influence.

The lack of research and suitable instruments to test biology-related MK and the 
higher level of evaluation of mentor training leads us to biology-related mentoring 
quality.

21.2.2 � Mentoring Quality

We define mentoring quality as the connection between the biology mentor teacher 
and pre-service teacher (Fig. 21.1). Most studies exclude the subject of the mentor-
ing, learning goals and the specific learning of the mentees (e.g. Kreis, 2012). The 
biology-specific study of mentoring (Wischmann, 2015) describes the mentoring 
and the connection to a specific content. However, since there is no established field 
of biology-related mentoring quality with empirical evidence, we can only focus on 
mentoring quality as a generic concept. With this qualitative approach, we follow 
the theoretical framework of Michelsen et al. (2022) by defining concepts as mental 
constructs and their importance for teaching and learning. This includes mainly the 
relationship between mentor and mentee, as well as their dialogues. In the tetrahe-
dron model (Fig. 21.1), this is illustrated by the connection between the points of the 
mentor and the pre-service teacher. The subject of the professional experience set-
ting is discussed in Sect. 21.2.3 as the content of mentoring dialogues.

These insights serve as the basis of our two-part research question:

What effect does BMT training have on mentoring quality and the content of men-
toring dialogues?
Since there are many generic studies, not only on the (generic) quality of mentor-

ing, but also on the training of mentors, we can focus on studies that combine these. 
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Hennissen et al. (2011, p. 1049) trained mentors and reported ‘shifts in their fre-
quency of use of distinct skills’. Previously they published their work on mentors’ 
roles and skills for mentoring dialogues (Crasborn et  al., 2008) based on video 
analyses. Similarly, Kreis & Staub (2011) conducted extensive research on content-
focussed coaching. Following this, Kreis (2012) trained mentors to use specific 
coaching techniques associated with better learning of pre-service teachers. This list 
of mentor training may be extended with the addition of the work of Langdon & 
Ward (2015), Cooke (2018) and Beutel & Spooner-Lane (2009).

We follow Crasborn’s, Hennissen’s, Staub & Kreis’s understanding of mentoring 
quality because of their extensive work. Mentoring quality in this case includes two 
dimensions: The biology mentor teachers create a situation of co-constructive 
development of the lessons (Kreis, 2012), while the pre-service biology teachers 
have the chance to submit their own ideas to the discussions (Crasborn et al., 2008; 
Hennissen et al., 2011).

Based on the research on mentoring quality (Crasborn et al., 2008; Hennissen 
et al., 2011; Kreis, 2012), our first hypothesis is: The quality of mentoring increases 
after the BMT training. This hypothesis describes the main connection between the 
BMT training and the mentoring as such.

Biology mentor teachers and pre-service biology teachers may vary in their 
assessment of mentoring quality. Mentor teachers often underestimate their share in 
the mentoring dialogues (Hennissen et al., 2011). Additionally, the BMT training 
may have an impact on the assessment of mentoring quality by biology mentor 
teachers because they are sensitised to mentoring quality. Therefore, our second 
hypothesis is: Observers vary in their assessment of mentoring quality.

Additionally, in doing so, we avoid the often-described problems of self-
assessment (Carter & Dunning, 2008).

21.2.3 � Content of Mentoring Dialogues and Professional 
Knowledge of Biology Teachers

If we want to ensure that BMT training has a biology-related impact, focussing on 
the content of mentor dialogues may be one way to achieve this. The subject of 
mentoring dialogues is a challenging field of research, since it is attached to several 
conditions: First, the pre-service biology teachers give their first lessons. Mentoring 
needs to be adapted to the concrete situation and challenges of the pre-service 
teacher in their individual development. For example, a lesson on ecology can result 
in mentoring dialogues about classroom management, training scientific inquiry or 
the connections between plants and fungi. Mentoring has to be adapted to the spe-
cific situation. Therefore, standardisation of the content of mentoring dialogues is 
limited. Second, dialogues connect different aspects of teaching, which makes it 
hard to differentiate between pedagogical and didactics aspects. Third, the complex 
connection between universities and schools results in a limited scope for action. 
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For example, focussing on teaching scientific inquiry in the field of genetics is 
nearly impossible from a practical perspective.

The studies that focus on content knowledge are often studies using recordings 
of mentoring dialogues. Strong & Baron (2004), for instance, stated that only 2% of 
the topics of mentoring dialogues were part of the content knowledge (CK). 
Crasborn et al. (2011) analysed mentoring discussions and discovered that only 7% 
of the topics discussed represented the subject matter. We are very uncertain whether 
these low percentages also apply to the mentoring dialogues in our specific case.

As mentioned above, increasing professional knowledge of pre-service teachers 
should be one aim of mentoring (Barnett & Friedrichsen, 2015). With the condi-
tional limitations in mind, we followed Wischmann (2015) and asked for the dimen-
sions of professional knowledge of teachers as content of mentoring dialogues 
which should include content from biology (CK) and teaching biology (PCK). Our 
third hypothesis addresses this instant and refers to the biology-related content of 
mentoring dialogue: Subject-specific parts of mentoring dialogues increase after 
the BMT training.

Moreover, we need to focus on the perspectives of biology mentor teachers and 
pre-service teachers. Distinguishing between their respective views, we developed 
our fourth hypothesis: Observers vary in their assessment of the content of mentor-
ing dialogues.

21.3 � Research Design and Method

Design-based research (e.g. Reinmann, 2022) recognises the circumstance that 
research in the educational field is very much shaped by the concrete system, mak-
ing it sometimes difficult to generalise the findings. As pictured in the tetrahedron 
model (Fig. 21.1), BMT training connects three levels of training: teaching biology, 
teacher education, and mentor training. Our research design is based on the concrete 
BMT training and the limitations of our educational system affecting this mentor 
training.

We follow the design-based research methodology and address these limitations 
with a clear description of the training and situations in Sects. 21.3.1 and 21.3.2, so 
that subsequent teacher trainers can adapt their training. In the following subsec-
tions (Sects. 21.3.3 and 21.3.4), the method and data analysis are provided.

21.3.1 � Teacher Training of Pre-service Biology Teachers 
and Practical Exercises in School

In the year of the study, in Mecklenburg-Western Pomerania, about 30 pre-service 
biology teachers were supported each semester in placements organised by the head 
of biology teacher education. This pre-service biology teacher placement is called 
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‘practical exercises in school’. Five pre-service biology teachers in their fifth semes-
ter took turns in teaching biology. They were supported over one semester by one 
out of seven biology mentors. The lessons given at this stage were the very first 
biology lessons of pre-service teachers in practical exercises in school. Mentors 
responsibly supported pre-service teachers in preliminary discussions. The given 
lesson was discussed with all pre-service teachers during debriefing. Although these 
lessons were the first ones for pre-service biology teachers, there was a focus on 
biology-related content in mentoring dialogues with reference to the second 
hypothesis.

21.3.2 � Biology Mentor Teacher Training (BMT Training)

In this federal state, BMT training is designed for every active biology mentor 
teacher in this part of biology teacher education. This study is an interventional 
study without a control group because there are no more (comparable) pre-service 
biology teachers or biology mentors who are in the same educational system.

The BMT training (Fig. 21.2) took place between the winter semester and the 
summer semester as described by Nestler et  al. (2022, 132): ‘This qualification 
involved an overall workload of 90 h (45 h general, 45 h biology-related) for biol-
ogy mentors (N = 7, age: M = 42.3).’ Design principles of the general mentor train-
ing (45  h) are described by Malmberg et  al. (2020). During the 2017/18 winter 
semester, the mentors supported 25 pre-service teachers (11 women, 10 men, four 
without information; age M  =  25.6) in practical exercises in school. The BMT 

Fig. 21.2  Mentor training and research design
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training was implemented during the semester break. During the summer semester 
2018, the mentors supported 28 pre-service teachers (16 women, 10 men, two with-
out information, age M = 23.4).

The BMT training (Fig.  21.2) is designed to support mentoring for scientific 
inquiry: After a brief introduction to scientific inquiry as part of the BMT training, 
the participants observed the milk snake Lampropeltis triangulum. They acted out a 
preliminary discussion of one biology lesson by taking the different roles of biology 
mentor teachers, pre-service biology teachers and observer. In these discussions, 
they used conversational techniques as mentioned by Kreis (2012) and Hennissen 
et al. (2011). Afterwards, they reflected on their application of these techniques. On 
another day, they carried out experiments together with a professor of genetics, as 
mentioned in Nestler et al. (2022).

21.3.3 � Method

The main objective of this research is to evaluate the quality of BMT training and 
connect it to previous research on mentoring quality and the content of mentoring 
dialogues. Only when connecting these research fields are we able to derive design 
principles that constitute the field.

Therefore, in the first design cycle, the BMT training was conducted between 
practical exercises in school in the winter and summer semester (Fig. 21.2: Mentor 
Training and Teacher Training).

To answer the research question, the quality of mentoring and content of mentor-
ing dialogues was evaluated during the winter semester prior to mentor training, as 
well as during the summer semester right after the BMT training (Fig.  21.2 
Research).

Mentoring Quality was evaluated with a self-created questionnaire as a reaction 
to a lack of suitable research instruments. Within the questionnaire, we designed a 
six-item scale of mentoring quality based on the findings of Crasborn et al. (2008), 
Hennissen et al. (2011) and Kreis (2012) (e.g. ‘The atmosphere in this meeting was 
constructive’ or ‘Pre-service teacher had the opportunity to address their questions 
and concerns’). This scale has a high internal consistency (α = .848) and was inten-
tionally kept short to avoid survey fatigue.

Regarding the second part of our concept of biology-related mentoring quality, 
the content of mentoring dialogues was assessed with the help of three single items, 
i.e. ‘Content knowledge was discussed in the conversation’ (for content knowl-
edge), ‘Pedagogical content knowledge was discussed in the conversation’ (for 
pedagogical content knowledge), and ‘Pedagogical knowledge was discussed in the 
conversation” (for pedagogical knowledge). All items were rated on a 6-level scale, 
ranging from 1 (do not agree) to 6 (agree).
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21.3.4 � Data Analysis

60 participants filled out 633 questionnaires to assess mentoring quality and the 
content of the mentoring dialogues. The participants were the seven biology mentor 
teachers and their 53 pre-service biology teachers, who are mentioned in Sect. 
21.3.2. The programme SPSS was used to analyse the data. To validate the hypoth-
eses, we used Mann-Whitney U tests and Kruskal-Wallis tests.

21.4 � Findings

We discovered that the biology mentor teachers were curious during the BMT train-
ing and gave good feedback, which is level one of successful training (Kirkpatrick, 
1959; Lipowsky, 2010).

21.4.1 � Mentoring Quality

In general, mentors and pre-service teachers reported that mentoring quality was 
higher than the expected mean value of the scale (Fig. 21.3).

To assess the impact of our BMT training, our first hypothesis was as follows: 
The quality of mentoring increases after the BMT training. The mean values for the 
quality of mentoring increased after mentoring training (Fig. 21.3). To test for sig-
nificant differences, a Mann-Whitney U test was run. There was a significant 
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Fig. 21.3  Mean mentoring quality for preliminary discussion and debriefing before and after the 
mentor training. *p < .001

21  Assessing the Quality of Mentoring: Evidence-Based Development of a Training…



302

difference for the overall measurement (z = −4.030, p < .001, r = .16) and debriefing 
(z = −4.253, p < .001, r = .19). The analysis did not indicate a significant result for 
preliminary discussions (z = −.705, p =  .481). Overall, these results support our 
hypothesis but have a small effect size.

21.4.2 � Views on Mentoring Quality by Different Observers

These results call for a closer look at our second hypothesis: Observers vary in their 
assessment of mentoring quality. Table 21.1 shows the descriptive statistics for the 
quality of mentoring. All groups of participants rated the mean mentoring quality 
higher after BMT training (summer semester 2018) than before. Interestingly, men-
tors generally perceived mentoring quality lower than pre-service biology teachers. 
Applying Mann-Whitney U tests for preliminary discussions indicates significant 
differences between observers during the winter semester (z = −2.917, p =  .004, 
r = .32) and the summer semester (z = −3.827, p < .001, r = 0.46). However, our 
results for debriefing paint a different picture: For the winter semester, the Kruskal-
Wallis test reveals no significant differences for observers. Surprisingly, while men-
tors do not rate mentoring quality much higher (+ 0.06), pre-service teachers (+0.29 
& +0.31) in fact do. Overall, the Kruskal-Wallis test evidenced significant differ-
ences between the mentors and the observing pre-service teachers (z  = −5.395, 
p < .001, r = .54), with a strong effect. On the contrary, between the mentors and the 
pre-service biology teachers responsible for the lesson (z  =  −5.026, p  <  .001, 
r = .39), only a medium effect could be detected. These differences are not found 
between both pre-service biology teachers groups. It is interesting to note that BMT 
training may have an impact on mentoring quality, although mentors do not have to 
necessarily see this effect. Overall, our results support our second hypothesis.

Table 21.1  Sample size (n), means (M) and standard deviation (SD) for mentoring quality

Preliminary discussion before 
the lesson Debriefing after the lesson

Mentor

Pre-service 
teachers 
responsible for 
the lesson Mentor

Pre-service 
teachers 
responsible for 
the 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 5,07 
(0.96)

52 5.46 
(0.79)

48 5.19 
(0.77)

59 5.35 
(0.79)

144 5.28 
(0.75)

Summer 
semester 
2018

22 5.22 
(0.42)

46 5.64 
(0.34)

40 5.25 
(0.33)

59 5.64 
(0.32)

127 5.59 
(0.52)
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21.4.3 � Content of Mentoring Dialogues

A Mann-Whitney U test was calculated to examine the third hypothesis: The 
subject-specific parts of mentoring dialogues increase after BMT training 
(Fig. 21.4). The mean values for all content of conversation between mentors and 
mentees increased after the mentoring training, except for the PCK in the prelimi-
nary discussion. These increases were statistically significant, but had small effect 
sizes for all parts of conversations for the overall measure (CK: z = −4.015, p < .001, 
r = .16; PCK: z = −2.527, p = .011, r = .10; PK: z = −4.271, p < .001, r = .17) and 
debriefing (CK: z = −4.251, p < .001, r = .20; PCK: z = −3.323, p = .001, r = .15; 
PK: z = −4.557, p < .001, r = .21). Again, no significant differences between the 
estimations of the observers were found for the preliminary discussions (CK: 
z = −.640, p = .522; PCK: z = −.713, p = .476; PK: z = −.722, p = .470). Our results 
show slight indications of support for our third hypothesis. However, we must note 
that after the BMT training, general content of conversation also grew.

21.4.4 � Views on the Content of Mentoring Dialogues  
by Different Observers

Further analyses for our fourth hypothesis: Observers vary in their assessment of 
the content of mentoring dialogues are illustrated in Table 21.2. In preliminary dis-
cussions, significant differences in estimating topics in content knowledge (CK) 
were found in the winter semester (z = −2.106, p = .035, r = .23), as well as a larger 
effect in the summer semester (z = −3.821, p <  .001, r =  .46). As we can see in 
Table  21.2, the assessment continues to diverge during the summer semester. 
Regarding our second hypothesis, there is not only no significant increase of topics 
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Table 21.2  Sample size (n), means (M) and standard deviations (SD) for specific parts of 
conversations

Preliminary discussion 
before the lesson Debriefing after the lesson

Mentor

Pre-service 
teacher in 
responsibility Mentor

Pre-service 
teacher in 
responsibility

Pre-service 
teacher 
observing

n
M 
(SD) n

M 
(SD) n

M 
(SD) n

M 
(SD) n

M 
(SD)

Winter 
semester 
2017/18

CK 32 3.84 
(1.51)

52 4.52 
(1.39)

46 3.85 
(1.61)

58 4.34 
(1.38)

141 4.13 
(1.38)

PCK 32 5.31 
(1.31)

52 5.42 
(0.89)

45 5.42 
(0.99)

59 5.39 
(0.91)

141 5.15 
(0.99)

PK 32 4.78 
(1.60)

50 4.52 
(1.33)

47 4.77 
(1.15)

57 4.67 
(1.19)

141 4.59 
(1.07)

Summer 
semester 
2018

CK 22 3.45 
(1.47)

46 4.87 
(1.09)

40 3.68 
(1.40)

59 4.83 
(1.26)

127 4.91 
(1.07)

PCK 22 5.41 
(0.80)

46 5.37 
(0.90)

40 5.38 
(0.59)

58 5.60 
(0.59)

127 5.57 
(0.73)

PK 22 4.77 
(1.07)

46 4.93 
(1.14)

40 4.87 
(0.88)

58 5.14 
(1.02)

127 5.11 
(0.99)

in content knowledge in preliminary discussions, but also a wider gap in the estima-
tion after the BMT training in this field of professional knowledge.

The Kruskal-Wallis test for debriefing during the winter semester did not reveal 
significant differences in the content of the conversations (p = .101). In the summer 
semester, these differences were found for content knowledge (CK) with a medium 
effect between mentors and pre-service teachers responsible for the lesson 
(z = −4.225, p < .001, r = .42), and between mentors and observing pre-service biol-
ogy teachers (z = −4.819, p < .001, r = .37). Furthermore, in the summer semester 
we could find a weak effect in the estimation of the content of mentoring dialogues 
in pedagogical content knowledge between mentors and observing pre-service 
teachers (z  = −2.422, p  =  .046, r  =  .24). Therefore, referring back to our third 
hypothesis, the significant differences in the debriefing are driven by the estimation 
of the pre-service teachers. Consequently, our second hypothesis needs to be re-
evaluated. Nevertheless, our results support our fourth hypothesis.

21.5 � Discussion

All the biology mentors for these specific pre-service biology teacher placements 
called practical exercises in school were trained to an up-to-date level by the depart-
ment didactics of biology at the University of Rostock. Regarding the few studies 
on biology mentors training (Barnett & Friedrichsen, 2015; Elster, 2008; Nestler 
et al., 2022), this is a first success.
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21.5.1 � The Tetrahedron Model of Biology Education

Our first aim was to describe our theoretical advancements to connect the generic 
view on mentoring quality with biology-related mentoring. In Chap. 2, Theoretical 
Background, we pointed out the difficulties in the field of BMT training. The adap-
tion of the tetrahedron model (Prediger et al., 2017) shows the interdependencies 
between the three levels mentor training, biology teacher training, and teaching 
biology. Thus, the adapted model shines a light on the underdeveloped field of 
subject-related mentoring. While mentoring quality is generally well researched 
(Kreis, 2012; Hennissen et al., 2008), content knowledge, for example, is a margin-
alised topic of mentoring dialogues (Crasborn et al., 2011; Strong & Baron, 2004). 
We therefore require the existence of a coherent concept of biology-specific mentor-
ing quality. Initially, we have to focus on generic mentoring quality and CK, PCK 
and PK as content of mentoring dialogues in order to approach such a concept.

Future studies can use the tetrahedron model to describe new BMT training. 
Additionally, this model can be specified for different areas of the professional 
development of pre-service biology teachers creating a coherent concept of biology 
teacher training. For every subject and field of research in didactics of biology edu-
cation the question remains: How can we train the biology mentor teachers to sup-
port the pre-service biology teachers in this specific area of professional 
development?

21.5.2 � Mentoring Quality

In our case, we were interested in the generic quality of mentoring. Overall, the high 
mean values of mentoring quality show a satisfactory support for our pre-service 
biology teachers. We saw that the pre-service biology teacher rated the mentoring 
quality even higher than the biology mentor teachers. Our biology mentor teachers 
were good biology mentor teachers before the BMT training and even better 
thereafter.

Therefore, mentoring quality increased after performing the BMT training. This 
supports our first hypothesis. Additionally, these results are consistent with previous 
research (Kreis, 2012). BMT training seems to be a satisfactory way of improving 
biology teacher training.

Surprisingly, the biology mentor teachers are more careful than the observing 
pre-service teachers. Therefore, our mentor training could have an impact on practi-
cal experience settings without the mentors realising it. The different mean values 
support the hypothesis of Kreis (2012) that preliminary discussions and debriefings 
have different effects. Further research on these differences is needed. The question-
naire of mentoring quality is characterised by consistency and is therefore appropri-
ate for this study, in which different concepts such as teaching quality (Nestler et al., 
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2022) and mentoring quality are connected. Prospectively, a comparison with data 
of videotaped mentoring dialogues could improve the quality of this questionnaire.

In the future, more research is needed on different aspects of mentoring quality 
related to biology-specific mentoring. The views of different observers should be 
part of these studies.

21.5.3 � Content of Mentoring Dialogues

The tetrahedron model of biology education leads to the different challenges of 
subject mentoring – which, in our case, is biology. One of the challenges lies in link-
ing the three levels of mentor training, teacher training and biology teaching, all of 
which are difficult to research.

After our BMT training, we saw an increase in every area of professional knowl-
edge. However, biology mentor teachers are considerably more cautious in assess-
ing it, and the increase is driven by the pre-service biology teachers. At first glance, 
our findings do not support the low shares of content knowledge in mentoring dia-
logues (Crasborn et al., 2011; Strong & Baron, 2004). A second glance, however, 
reveals that this might be a methodical difference between videotaped sessions and 
the assessment performed by means of questionnaires.

In summary, our BMT training is compatible with previous research on mentor-
ing quality and – by focussing on biology – progressively enhances this field of 
research. We know that mentoring dialogues are important for the professional 
development of pre-service teachers (Kreis, 2012). If we want to ensure that men-
toring dialogues have an impact on PCK and CK, we need to train biology mentor 
teachers to focus on these areas of professional knowledge. This is a major desidera-
tum in biology teacher training.

21.5.4 � Limitations

Following the argumentation of design-based research (Reinmann, 2022), this study 
provides small to no evidence for a generic view on a BMT training. The differences 
in the structure of teaching biology, practical experience settings, and possible BMT 
training may have a huge impact on the results. Absence of a control group, differ-
ent pre-service teachers in the winter and summer semester, and the brevity of ques-
tionnaires add further factors to these limitations.

Additionally, we cannot redo this study in Mecklenburg-Western Pomerania 
because our group of biology mentor teachers for the practical exercises in school is 
now trained. A larger study including more states or countries would change the 
initial conditions on all levels: teaching biology, teacher training, and mentor train-
ing. While this is challenging, we support Prediger et al. (2017) in their request to 
describe this potential chain of impacts (or effects), and assess them with a 
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quantitative or mixed-method approach. This complements the previous qualitative 
work of Wischmann (2015), Barnett and Friedrichsen (2015) and many other 
researchers.

In summary, our quantitative data on the possible impact of the BMT training 
shows the need for more theoretical, empirical, and practice-oriented developments 
in this core field of biology teacher professionalisation.

21.5.5 � Conclusion

The current study is one of the first studies in BMT training. In combination with 
our previous study on BMT training (Nestler et al., 2022) and its impact on teaching 
quality, we have obtained initial indications of level 3 behavioral change (mentoring 
quality) and level 4 changing results (teaching quality) (e.g. Kirkpatrick, 1959; 
Lipowsky, 2010). In the course of the study, we acquired empirical support for the 
given feedback of one mentor trainee: ‘The training ensured a better structure and 
debriefing sessions and an improvement in the way we talk to students, as well as a 
better understanding of the students’ initial situation.’

Our research emphasizes the need for more BMT training. The pre-service 
teacher placements are one of the few curricular opportunities for biology teacher 
training to apply content and pedagogical content knowledge, and to improve 
biology-related teaching skills. This paper sheds light upon this and possible chains 
of effects.
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Chapter 22
Exploring a Theory-Practice Gap: 
An Investigation of Pre-service Biology 
Teachers’ Enacted TPACK

Alexander Aumann and Holger Weitzel

22.1 � Introduction

Digital technology and media (DTM) have the potential to expand the field of rep-
resentation (Hsu et  al., 2015) and (inter)active learning (Chi & Wylie, 2014). In 
science teaching this can promote a deeper understanding of abstract and complex 
phenomena (Hsu et al., 2015). However, it is important to note that simply imple-
menting DTM in class does not ensure higher learning outcomes as its effectiveness 
depends on the way it is implemented (Chien et al., 2016). Whether the potential of 
DTM is realized in biology classrooms is significantly determined by the teacher’s 
preparedness (Drossel et al., 2019). To achieve a high level of preparation, teacher 
education programs incorporate digitization-related competences into the curricu-
lum (Ning et al., 2022). The Technological Pedagogical and Content Knowledge 
(TPACK) framework (Mishra & Koehler, 2006) is frequently applied for modeling 
this complex body of knowledge (Njiku et al., 2020). However, there remains a gap 
between what pre-service teachers are taught at university and their actual use of 
DTM in practice (Tondeur et al., 2012). One reason why there is only little knowl-
edge about the practical application of TPACK (Mouza, 2016; Ning et al., 2022) is 
the scarcity of studies analyzing the enactment of TPACK in the field (Willermark, 
2018) and thereby taking contextual conditions into account (Rosenberg & 
Koehler, 2015).

According to the Transformation Model of Lesson Planning, teachers transfer 
professional knowledge into practice through reflective planning, implementation, 
and subsequent reflection of lessons (Stender et al., 2017). In order to contribute to 
research on the enactment of TPACK, this study aims to obtain insights into the 
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process of TPACK transfer via the planning, implementation, and reflection of biol-
ogy lessons by collecting and analyzing data on these three steps of secondary 
school pre-service biology teachers (PSBTs).

22.2 � Research Design and Method

Since the development of TPACK is considered a highly individual process (Niess, 
2015; Tondeur et al., 2021), a case study approach was conducted to gather a com-
prehensive insight including various contextual data. This research approach has 
been applied in previous studies examining (pre-service) teachers’ ability to link 
theory and practice (Upmeier zu Belzen & Merkel, 2014) and the TPACK develop-
ment of in-service science teachers (Jaipal-Jamani & Figg, 2015). In the sense of an 
explorative case study, the role of this study is to generate initial hypotheses and 
thus to provide requirements for quantitative investigations (Yin, 2012).

22.2.1 � Sample

A cohort of 16 PSBTs was accompanied in the classroom. All PSBTs were in their 
master’s studies. According to the module handbook of the study program, the 
PSBTs attended subject didactic courses to the extent of nine credit points as part of 
their bachelor’s studies. Media didactic topics were also covered, but these were not 
related to the use of DTM in biology teaching. Using a purposeful sampling method, 
three heterogeneous cases were selected from the cohort in terms of their TPACK 
(see Table 22.2). Thus, the cases represent (1) a low, (2) an average, and (3) a high 
self-reported TPACK level.

22.2.2 � Context

To gain insights into the field, the PSBTs were accompanied during their internship 
semester of 14 weeks at school at the end of their master’s studies. The TPACK 
mandatory for a specific use of DTM (student-generated explainer videos in biol-
ogy) was conveyed via a workshop at the university (Aumann et al., 2023). Following 
the workshop, the PSBTs were asked to plan, implement, and reflect on a biology 
lesson in which their students create explainer videos (see Fig. 22.1). The PSBTs 
were free to choose hardware and software to use in their lessons. To compensate 
for the different conditions at the various schools, they had the opportunity to bor-
row equipment from the university. These precautions address the extrinsic first-
order barriers regarding the implementation environment according to Ertmer 
(1999), as the PSBTs had access to technical equipment, support, and training.
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Fig. 22.1  Course of the workshop and data collection throughout the internship semester in terms 
of theory and practice

22.2.3 � Instruments

22.2.3.1 � The Survey

The survey was compiled from established scales measuring TPACK (Bernhard & 
Grassinger, 2022). By including these variables, the PSBTs intrinsic second-order 
barriers regarding teachers’ professional beliefs are considered (Ertmer, 1999). 
Items were measured on a 6-point Likert scale. One item was added to record the 
number of lessons in which the PSBTs had previously integrated DTM. Survey data 
was analyzed using IBM SPSS version 28.0.

22.2.3.2 � The EnTPACK Rubric

The EnTPACK rubric depicts instructional criteria for biology lessons in which 
students create explainer videos. The rubric was developed based on a systematic 
literature review as an instrument for measuring TPACK by comparing lesson plans, 
lesson observations, and lesson reflections containing the categories Pedagogical 
Content Knowledge (PCK), Technological Content Knowledge (TPK), and TPACK 
(Aumann et al., 2023) The rubric divides these categories into further subcategories, 
which in turn have been assigned several criteria. The expression of these criteria is 
assessed via observable indicators (see example Table 22.1).
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Table 22.1  Sample of the EnTPACK rubric

“The identification of all organs involved as well as the two hormones adrenaline and 
noradrenaline, which trigger biological stress reactions, is elementary for the application of 
special strategies of stress management. [...] The HPA axis and glucocorticoid functions are not 
part of the required expertise for this topic” (lesson plan C3, p. 6–8).
Category PCK
Subcategory Content structuring
Criteria Focus on central key aspects
Indicators 1. Central aspects of the content 

are highlighted/2. Central 
aspects are distinguished from 
non-essential aspects.

Examples from the data sets as well as exemplary criteria were translated from German into 
English

22.2.4 � Data Collection and Analysis

Besides a survey conducted between workshop and transfer, data were collected 
regarding planning, implementation, and reflection of the lesson. Lesson planning 
was collected via lesson plan documents (1. Subject analysis, 2. instructional and 3. 
methodological planning, 4. lesson outlines) and lesson materials. Lesson imple-
mentation was videographed. PSBT’s lesson reflection was collected via semi-
structured video-stimulated recall interviews. Data analysis was conducted using 
evaluative qualitative content analysis (Kuckartz & Rädiker, 2022) via VERBI 
MAXQDA version 2020. First, the data sources were reviewed, commented on, and 
particularly noteworthy sections were marked. Subsequently, the materials were 
coded deductively on the basis of the EnTPACK rubric (Aumann et al., 2023) and 
inductively based on the data sets. Afterwards, all data sources were evaluated 
again, including the inductively derived categories. The coded data sets were then 
analyzed qualitatively and interpretatively. Contentious issues were validated com-
municatively between the two authors.

22.3 � Results

Table 22.2 presents the survey results of the three cases in comparison with the total 
sample. In this regard, case one shows a below-average, case two an average, and 
case three an above-average self-reported TPACK compared to the sample.

The following description focuses on those results that show relevant aspects for 
the specific objectives of the use of DTM and their implementation.
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Table 22.2  Survey data of the three cases

Scale Case one Case two Case three

TPACK M = 2.60 (↓) M = 3.80 (↔) M = 4.40 (↑)
Self-efficacy M = 2.29 (↓) M = 3.43 (↔) M = 1.43 (↓)
Motivational orientation M = 2.83 (↓) M = 3.33 (↔) M = 1.83 (↓)
Attitudes M = 3.63 (↓) M = 5.13 (↑) M = 5.38 (↑)
Perceived usefulness M = 4.00 (↓) M = 6.00 (↑) M = 5.75 (↑)
Intentions M = 3.00 (↓) M = 4.80 (↑) M = 4.40 (↔)
Number of lessons taught 1–5 (↓) 6–10 (↑) 1–5 (↓)

All scales measure the constructs in relation to the use of DTM in class
↓ = below average    ↔ = average    ↑ = above average of the total sample

22.3.1 � Case One

Case one is a female PSBT with the lowest self-reported TPACK of the sample. 
Although considering the use of DTM in class as potentially beneficial, her motiva-
tion and intention to use them is limited. This could be related to her low self-
reported ability and self-efficacy to use DTM in class, as well as to her lack of 
experience in this regard. Her lesson utilized the creation of explainer videos to 
introduce insects’ physique to a sixth grade class.

Content
The Lesson planning is characterized by a focus shift in the transition from instruc-
tional to methodological planning. Whereas instructional planning is content-
centered, methodological planning is DTM-centered. The methodological planning 
focuses exclusively on the question of how to create an explainer video. As a result, 
DTM-related phases in the lesson outline significantly exceed those of content-
related phases (lesson plan C1, p. 9ff).

The Lesson implementation is congruent with the methodological planning. The 
PSBT discusses a variety of design-related criteria for the creation of explainer 
videos, which are irrelevant to the biological subject. Those criteria build the guide-
line for both the development and the feedback phase (lesson implementation C1, 
2:38–8:55).

Lesson reflection: Case one notices that the students’ lost sight of the content in 
the lesson: “I don’t think they paid much attention to the content, so the event was 
more about creating the video actually” (lesson reflection C1, l. 120ff). However, 
she ultimately attributes this problem to external factors such as the students’ fasci-
nation with creating a video and a lack of time in class.

TPACK
The Lesson planning does not consider reasons for using explainer videos to teach 
the subject content and to reach the learning objectives. Case one rather seems to 
interpret the creation of an explainer video and the subject content as separate 
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lesson contents: “The lesson focuses on the physique of the different insects and on 
the creation of an explainer/learning video” (lesson plan C1, p. 7).

Lesson implementation: Congruent with the lesson plan, no systematic relation-
ship between subject content, learning objectives, and the DTM use is evident. For 
instance, the exemplary explainer video she selected to provide orientation for the 
students deals exclusively with cutout animations and does not provide any refer-
ence to biological subject matter (lesson implementation C1, 9:47–12:22).

Lesson reflection: Case one reports insecurity in the use of DTM: “I found it kind 
of stressful, because sometimes you don’t really have it under your control” (lesson 
reflection C1, l. 502ff) and identifies technological challenges as her “main con-
cern” (lesson reflection C1, l. 511). Accordingly, she justifies the choice of the pro-
duction procedure (One Take) with preparation effort, rather than with instructional 
considerations: “it was actually the simplest [procedure] that I can explain the 
quickest” (lesson reflection C1, l. 410ff).

PCK
Lesson planning: While case one writes down subject-related instructional consid-
erations in subject analysis and instructional planning, these are not considered 
again in the further course of the lesson plan. In the instructional planning, she puts 
emphasis on the fact that the students use “precise biological terms or technical 
terms” only sporadically (lesson plan C1, p. 7). Nevertheless, she uses a large num-
ber of technical terms in her lesson materials, partly irrelevant in regard to lesson 
content (e.g. polarized light). The lesson objective is clearly outlined in terms of 
content, but she misses the opportunity to prepare the students for the content. 
Despite her own problems with technology, she expects students to simultaneously 
learn the subject matter by themselves while transferring it into an explainer video.

Lesson implementation: Congruent with the lesson outlines, instructional con-
siderations are not incorporated into teaching and students are left alone with con-
tent acquisition while creating the videos.

Lesson reflection: Case one comments on the cognitive overload of the students 
in content acquisition: “I think if you actually take one hour before roughly intro-
ducing insects’ physique, it is clearer to them what you are aiming at later on and 
they are not that overwhelmed, maybe” (lesson reflection C1, l. 107ff). However, 
she justifies her approach with time constraints.

22.3.2 � Case Two

Case two is a male PSBT with an average self-reported TPACK within the sample. 
He perceives DTM as helpful to enrich learning, and is motivated and confident to 
use it himself. Furthermore, he reports the highest amount of own experience in 
teaching with DTM. His lesson served to consolidate knowledge about hormone 
regulation in an eighth grade class.
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Content
Lesson planning: Case two emphasizes the consolidation of the subject content as a 
lesson objective in his entire lesson plan. This focus is reflected in the lesson materi-
als, which are intended to “clarify the content again” (lesson plan C2, p.12) and to 
support students in “visualizing the subject content” (lesson plan C2, p.13).

The Lesson implementation is congruent with his lesson plan. The ratio content 
(10 min) to DTM-related input (3 min) shows a clear bias towards subject content. 
Referring to an example video on a biological content, case two highlights the con-
solidation of the subject content and classifies design aspects as secondary: “This is 
now a rather simply produced explainer video. I think today we can’t produce it in 
a more elaborated way” (lesson implementation C2, 6:37–6:45).

The focus on content is explained in the lesson reflection more deeply: “It is actu-
ally supposed to be a biology lesson utilizing this very method” (lesson reflection 
C2, l. 259f). In addition, he justifies the design of his lesson materials with a focus 
on content: “I have provided an outline of what is expected in terms of content in the 
video, just to clarify the task again and to direct the focus on the subject content 
which you finally want to have as a result” (lesson reflection C2, l. 339ff).

TPACK
Lesson planning: Case two selects the subject content deliberately based on the 
instructional potential offered by the DTM: “Methodologically, the use of models is 
particularly suitable for this topic in order to make the complex process of hormone 
regulation visually tangible for the students. One way to visualize such processes 
and procedures by means of models is the use of digital media, particularly the use 
of explainer videos” (lesson plan C2, p. 8). In the following the DTM is character-
ized as a tool promoting students’ motivation and encouraging “exploratory behav-
ior regarding the subject content” (lesson plan C2, p. 12).

Lesson implementation: In accordance with the lesson plan, DTM is used as a 
tool to help students visualize the process of the hormonal regulatory cycle. The 
introduction to the software focuses on basic functions.

Lesson reflection: Case two expresses confidence in DTM usage due to his prior 
experience: “I have already worked with some digital media from time to time, and 
that makes it immensely easier, of course” (lesson reflection C2, l. 533ff). He justi-
fies the selection of a specialized video production software (stop-motion studio) 
with reference to the cognitive load theory, through the “structuring and outlining” 
(lesson reflection C2, l. 290), which the software enables in comparison to One 
Take: “You call it cognitive load, that is somehow overlaid too much by the method 
and the subject content doesn’t get enough space” (lesson reflection C2, l. 276ff). 
Thus, he “also limits the introduction” to the software to basic functions, which are 
necessary but “not entirely self-explanatory” (lesson reflection C2, l. 196f).

PCK
Lesson planning: Instructional considerations identified in the instructional plan-
ning continue to be addressed and are clearly emphasized throughout the remaining 
lesson plan. For example, case two deliberately refers to a “phenomenon known to 
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the students (sweating, freezing)” (lesson plan C2, p.8) as an exemplary start-
ing point.

The lesson implementation is consistent with his lesson plan in this regard.
In the lesson reflection, case two repeatedly refers to instructional aspects of his 

lesson implementation and aligns them with his considerations in the lesson plan. 
For example, he criticizes a lack of structure in the feedback phase, which he would 
optimize by means of an “evaluation catalog” (lesson reflection C2, l. 73f) if the 
lesson was repeated.

22.3.3 � Case Three

Case three is a female PSBT with one of the highest self-reported TPACK levels of 
the sample. She is convinced of the usefulness of DTM and reports a high attitude 
towards it. Although she has been able to gain a lot of vicarious experience, she 
seems to have little experience in using DTM for teaching and an accordingly low 
level of motivation and self-efficacy in this regard. Her lesson served to present 
individual strategies for dealing with stress in a ninth grade class.

Content
Lesson planning: Case three describes the biological content in the subject analysis 
and prepares the content instructionally in the transition to instructional planning. 
However, in the remaining lesson plan these considerations are not further taken up. 
The lesson outlines and materials address exclusively the creation and design of an 
explainer video.

Case three’s lesson implementation accordingly concentrates on creating an 
explainer video. This is illustrated by a low proportion of content-related phases and 
her response to students’ content-related questions, where she gives the advice to 
disregard the biological content (lesson implementation C3, 34:47–34:55).

The PBST articulates a product-oriented focus in her lesson reflection, neglect-
ing content-related criteria. She states as the central concern of the elaboration 
phase: “that something comes out. What that is, I did not define. Only a product 
should result” (lesson reflection C3, l. 432f).

TPACK
Lesson planning: Case three does not connect subject content and the use of DTM 
in her lesson plan. She seems to regard DTM as an additional learning content, 
identifying technical terms (“tablet, cutout animation, hard- & software” (lesson 
plan C3, p.8)) next to subject terms. Furthermore, she analyzes the topic explainer 
videos in detail next to the subject content stress (lesson plan C3, p. 5ff).

Lesson implementation: As in the lesson plan, there is no connection between the 
subject content and the DTM.

During lesson reflection, it becomes apparent that her considerations were domi-
nated by her uncertainty in dealing with the technology: “So the technology 
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preparation, it was the biggest insecurity. [...] and then I decided for that [procedure] 
I used the first time, and which I thought was the easiest option [...] because the 
introduction to another program might have required another hour that I didn’t have 
available” (lesson reflection C3, l. 483ff).

PCK
Lesson planning: Case three verbalizes fuzzy content-related lesson objectives and 
criteria for the creation of the explainer videos. Although she mentions the “classi-
fication of the biological subject content” (lesson plan C3, p. 6) and the “naming of 
all organs involved, as well as the two hormones adrenaline and noradrenaline” 
(lesson plan C3, p. 6) as central requirements in her instructional planning, these 
considerations are not taken into account in the remaining lesson plan.

Congruent with her lesson outlines and materials, instructional considerations 
are not included in the lesson implementation. Likewise, the vague criteria for the 
video design are not specified. Thus, they do not provide any orientation for the 
students during video production and during the feedback phase (lesson implemen-
tation C3, 1:29:10–1:34:04).

Lesson reflection: Case three justifies her problems in lesson implementation 
with external factors like time constraints or the students’ insufficient level of cogni-
tive development: “Well, this is actually a problem on the students’ side, that they 
are not able to give feedback. [...] I would just attribute that to their cognitive devel-
opmental level probably” (lesson reflection C3, l. 152ff).

22.4 � Discussion

Based on the cases, the following discussion identifies differences in the enactment 
of TPACK leading to the definition of two types of DTM usage in a biology lesson.

The salient feature of Type one is the separation between the methodological 
approach and thus the DTM usage and content considerations. Although the latter 
are addressed in the first chapters of the planning documents, they are not pursued 
further thereafter. Instead, the focus is on designing the DTM deployment. The 
methodological planning is then implemented without further disruptions and the 
reflection is also largely limited to the methodological implementation. If problems 
occur during the implementation, they are explained with external circumstances or 
with insufficient skills of the students. Moreover, the reflection hardly refers to the 
considerations made in lesson planning. Type one can be divided into two subtypes 
with regard to the handling of subject content:

Subtype 1 tends to cognitively overload students. The cognitive overload can be 
illustrated, for example, by the fact that the students have to work out an unfamil-
iar content themselves and at the same time transfer it into a form of representa-
tion that is also unfamiliar to them (Case one).
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Subtype 2 differs from subtype one in that neither clear content-related objectives 
nor criteria for the design of the explainer videos are defined either during the 
planning or the implementation of the lesson. This results in an insufficient clar-
ity of content-related lesson objectives (Case three).

Type two systematically relates subject content and DTM.  The creation of the 
explainer videos is planned, implemented, and reflected as a useful method for con-
solidating the biological subject content. In contrast to type one, type two already 
focuses on the content-related lesson objectives during planning and consequently 
includes content-related instructional considerations in the lesson outlines and the 
lesson implementation. In this respect, type two reflects problems in lesson imple-
mentation with regard to his lesson plan (Case two).

22.4.1 � TPACK and DTM Usage

The cases with both the highest and the lowest self-reported TPACK levels of the 
sample are classified as type one, while the case designated as type two has an aver-
age self-reported TPACK. Consequently, at least with regard to the selected cases, it 
is not possible to draw conclusions from the self-reported TPACK to the 
enacted TPACK.

The two cases assigned to type one report little experience in using DTM for 
teaching compared to type two. In addition, both cases of type one show a low digi-
tal media self-efficacy and report insecurities in the use of DTM in class. As a result, 
both cases choose the technologically less complex video production procedure 
(One Take), which does not require specific software. In contrast, type two shows an 
average digital media self-efficacy and reports confidence in using DTM for teach-
ing, attributing this to his experience. Unlike type one, he chooses a specific soft-
ware under instructional considerations. Consistent with existing studies, teaching 
experience with DTM seems to represent a central prerequisite for the PSBTs digi-
tal media self-efficacy and TPACK (Valtonen et al., 2015), with self-efficacy play-
ing a mediating role (Wang & Zhao, 2021).

One explanation for the discrepancy between content-related instructional objec-
tives and the DTM usage in type one could be that, due to a lack of teaching experi-
ence and a low digital media self-efficacy, the PSBTs concentrate on the 
methodological use of DTM and thus have no resources for processing the content-
related information. This is in line with Ling Koh et al. (2014), who proposed that 
the more teachers focus on external factors during lesson planning, the less they 
consider deeper pedagogical aspects and the less the lesson is aligned with 
TPACK. The fact that case three rates her own TPACK as particularly high despite 
her low enacted TPACK might be linked to a low ability of self-assessment. 
According to Max et al. (2022), this phenomenon is particularly evident in PSBTs 
with low TPACK, especially for increasing task complexity.
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22.5 � Limitations and Future Directions

Due to the objectives and associated methodology of the present study, the follow-
ing limitations must be considered: (1) The results of this study are limited to a 
specific DTM usage in a selected subject domain. (2) The study exclusively ana-
lyzes the teaching offered by the PSBTs. The student level is not included in this 
regard. (3) Since the present study is a qualitative case analysis with a correspond-
ingly small sample (n = 3), the results do not allow representative statements about 
the population. (4) Since data was collected in the field, it was not possible to create 
identical conditions.

Nevertheless, based on the sample, initial connections can be established by 
including a large number of contextual data. In addition, the data suggest that it may 
be appropriate not to have all PSBTs plan full lessons right away, from which they 
may leave frustrated (Type one). Instead, there could be intermediate steps already 
at the university (e.g. micro-teaching), which could help to reduce difficulties with 
lesson planning and implementation in the school.

The study also indicates that the consideration of contextual factors and the com-
prehensive comparison of TPACK at the levels of lesson planning, implementation, 
and reflection enable the identification and explanation of fractures in PSBTs 
knowledge enactment. Accordingly, future studies should further concentrate on 
examining enacted TPACK from a more holistic perspective, considering the unique 
contextual conditions.
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Chapter 23
Promoting Digitally Supported Inquiry 
Learning in Diverse Classrooms Through 
Teacher Training

Patrizia Weidenhiller, Susanne Miesera, and Claudia Nerdel

23.1 � Introduction

The heterogeneity of students involves diverse learner needs. This is why inclusive 
teaching concepts are needed to enable all students to participate, especially in sci-
ence education and its specific processes and procedures, like inquiry learning. 
Inquiry-based learning is an active method of learning. It begins with posing ques-
tions, problems, or scenarios, and can involve scientific methods, such as conduct-
ing experiments. The process of generating one’s own hypotheses and 
problem-solving approaches is important. In this complex process, many barriers 
can arise, such as the handling of materials and instructions (Stinken-Rösner & 
Abels, 2021) or methodological difficulties, e.g. hypothesizing, reflecting on mea-
surement inaccuracies (Baur, 2018). However, there are many possibilities, for 
example, to prepare the scientific work methods in a differentiated and student-
oriented way. This could be through their graduated complexity, the level of abstrac-
tion and the observation level (Bruckermann et al., 2017). Another approach can be 
the targeted use of digital media, which may enable access and avoid barriers 
through multimedia design (Kerres, 2018). In order to effectively use digital media 
to promote inquiry learning and reduce barriers, teachers need professional knowl-
edge and competencies in inclusion and digitization and how to link them.

P. Weidenhiller (*) 
Institute for Biology Education, LMU Munich, Munich, Germany
e-mail: Patrizia.weidenhiller@bio.lmu.de 

S. Miesera (*) · C. Nerdel (*) 
Associate Professorship of Life Sciences Education, Technical University of Munich, 
Munich, Germany
e-mail: Susanne.miesera@tum.de; Claudia.nerdel@tum.de

© The Author(s) 2024
K. Korfiatis et al. (eds.), Shaping the Future of Biological Education Research, 
Contributions from Biology Education Research, 
https://doi.org/10.1007/978-3-031-44792-1_23

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-44792-1_23&domain=pdf
mailto:Patrizia.weidenhiller@bio.lmu.de
mailto:Susanne.miesera@tum.de
mailto:Claudia.nerdel@tum.de
https://doi.org/10.1007/978-3-031-44792-1_23


326

23.2 � Theoretical Background

Following the Index for Inclusion, inclusion is about minimizing all barriers in edu-
cation and learning for all students (Boban & Hinz, 2003, p. 11). This broad under-
standing of inclusion encompasses all dimensions of heterogeneity that may present 
barriers, such as gender, ability, special education needs, religion, and more. In 
terms of teachers’ professional knowledge, this shows a need in pedagogical knowl-
edge, which encompasses the pedagogical aspects of teaching and the individual 
needs of students. Pedagogical knowledge (PK), together with content knowledge 
(CK) and technological knowledge (TK), forms the basis for the TPACK model, 
which describes teachers’ professional knowledge as the interplay of the different 
knowledge domains (Mishra & Koehler, 2006). CK refers to the subject matter 
being taught and goes beyond the scope of the school subject matter. PK includes 
the pedagogical aspects of teaching and the individual needs of students. TK 
includes the handling and knowledge of digital media and their application. In addi-
tion, the intersections of the individual disciplines are considered (Fig. 23.1). The 
intersection of pedagogical content knowledge (PCK) describes the didactic con-
texts of instructional design. This is specifically about the didactic preparation of 
subject matter content for the needs of the students. Technological content knowl-
edge (TCK), on the other hand, is the knowledge of the technical and digital appli-
cations used in the subject matter. The intersection of technological pedagogical 
knowledge (TPK) realizes the use of digital media and technical possibilities tai-
lored to the needs of the students. The eponymous intersection of the three areas of 
technological pedagogical content knowledge – TPACK – unites them to form the 
professional knowledge of teachers. TPACK thus describes teachers’ knowledge of 
how technologies can be used for a specific content, considering the needs of the 
students. In addition to professional knowledge, there are other factors that influ-
ence teaching actions. These include among others attitudes, motivation and self-
regulation (Baumert & Kunter, 2006). If we take a closer look at attitudes, we can 

Fig. 23.1  Teachers’ 
professional knowledge: 
TPACK Modell. 
Representation according 
to (Mishra & Koehler, 
2006)
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see that positive attitudes together with high self-efficacy expectations are an impor-
tant predictor of planned behavior (Fishbein & Ajzen, 2010).

Based on the theory of planned behavior, it can be seen that these factors are 
multiple and interact with each other (Fishbein & Ajzen, 2010). Thus, attitudes are 
just as decisive in achieving a desired behavior as self-efficacy expectations and 
subjectively perceived norms. These in turn are influenced by beliefs, which are 
based on background factors. The background factors are divided into three catego-
ries: personal factors relate to, among other things, general attitude, intelligence or 
emotion; social factors include, for example, age, gender or education; information-
related factors, on the other hand, refer to the experience and knowledge of the 
respective person on a particular issue (Fishbein & Ajzen, 2010). The interaction of 
these entire factors ultimately leads to behavior that can be observed. By measuring 
individual factors, more or less reliable statements can be made about future behav-
ior. In the field of inclusive education, correlations have already been proven in 
studies. For example, teachers with positive attitudes towards inclusion show more 
effective teaching for all students (Jordan et al., 2009). Attitude and self-efficacy are 
predictors of planned behavior in inclusive teaching (Sharma & Jacobs, 2016). 
Another finding is that attending courses on inclusion has a positive impact on atti-
tudes toward inclusion (Sharma, 2012; Miesera & Gebhardt, 2018; Miesera & Will, 
2017). Similarly, teachers’ attitudes towards digital media are decisive for their 
implementation in the classroom (Eickelmann & Vennemann, 2017). All of these 
findings indicate that attitudes and self-efficacy expectations are important factors 
in the implementation of specific instructional practices. For both fields, inclusion 
and digitization, there are already study results and valid assumptions on which to 
build. However, in order to apply these general statements about inclusive teaching 
and the use of media to subject-specific problems, such as inquiry learning, the top-
ics must be examined in conjunction with one another.

23.3 � Aim of the Study and Research Question

The aim of the study is to prepare teachers specifically for the use of digital media 
in heterogeneous classes in biology lessons. In particular, the heterogeneity dimen-
sions of ability and special needs will be focused on in order to investigate the use 
of digital media in scientific work methods. On the one hand, the question arises 
whether the targeted knowledge transfer in an intervention has an effect on the self-
assessment in the TPACK domains. On the other hand, the teachers’ attitudes toward 
the topics of inclusion and digitization will be investigated, which will lead to the 
question of what connections exist between the self-assessment in the TPACK 
domains and the attitudes toward inclusion and digitalization.
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23.4 � Methods

23.4.1 � Design and Intervention

The study design consists of a teacher training with pre and post survey. Biology 
teachers from Bavarian secondary schools took part in a one-day digital teacher 
training session dealing with “digitally supported inquiry learning for all students”. 
The study was verified and approved by the Bavarian State Ministry of Education 
and Cultural Affairs. Participation in both the study and the training was voluntary 
and unpaid. The training aimed at increasing teachers’ self-efficacy assumptions 
according to the TPACK model as shown in Fig. 23.2 (Mishra & Koehler, 2006). 
Therefore, teachers planned and performed an experiment on the enzymatic brown-
ing of apples, which was digitally supported in all phases: planning, implementa-
tion, evaluation (Weidenhiller et al., 2022). In addition, they considered the needs of 
students and elaborated on possible barriers. The outcome of the training was a 
planned experiment supported by digital media to differentiate the phases of the 
inquiry process. The teachers focused on the heterogeneity of their own classes and 

Inclusive classrooms

Fig. 23.2  TPACK content in the intervention
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differentiated according to the needs of the students. Participants were randomly 
assigned to three experimental groups. The experimental groups differed in the 
instruction phases in advance of the work phase. The first group focused on the 
design of digital media, media didactics, and the use of digital media in science 
teaching (a.o. Hamilton et al., 2016, Kerres, 2018; Mayer, 2005; Mayer & Pilegard, 
2014; Puentedura, 2006; Sweller, 2005). The second group focused on approaches 
to inclusive didactics, concepts for differentiation and their implementation in sci-
ence lessons, as well as legal aspects of inclusion in Bavaria (a.o. Reich, 2013, 
2014; Stinken-Rösner et al., 2020). The last group had an integrated format for the 
instructions. This included the mentioned aspects of digital media from the first 
experimental group, as well as the aspects of differentiation of the second group.

The pre-post survey contained scales about teachers’ attitudes toward digitaliza-
tion and inclusion. The scale attitudes toward digitalization addressed different 
aspects of learning with digital media, such as anchoring in the curriculum, influ-
ence on the teaching level and on the student’s activity (Vogelsang et al., 2019). The 
scale attitudes toward inclusion contained two main constructs: ‘schooling and sup-
port’ and ‘social inclusion’ (Kunz et al., 2010). Furthermore, the survey covered 
self-efficacy assumptions regarding inclusion and digitalization in accordance with 
the TPACK model (modified according to Graham et  al., 2009; Weidenhiller, in 
preparation). For this purpose, the TPACK scales of Graham et  al. (2009) were 
modified and adapted to the content of the intervention. In total, five scales were 
used: TK, TPK, TCK, TPACK, DILAS (digitally supported inquiry learning for all 
students) (Weidenhiller, in preparation). The TK scale asks about the use and pro-
duction of various media, such as presentations, videos, shared documents, or 
e-books unrelated to teaching. TPK is about the differentiated design of teaching 
materials or action sequences through the use of digital media. The TCK scale, on 
the other hand, contains items on the extent to which digital media help to make 
scientific phenomena easier to understand. The TPACK and DILAS scales now 
include questions about the instructional use of digital media in science. TPACK 
focuses on the general use of media in science lessons, whereas the DILAS scale 
deals specifically with science working methods in different class compositions.

23.4.2 � Sample

The intervention took place from June 2021 to January 2022 as one-day teacher 
training sessions. A total of 141 Bavarian secondary school biology teachers (70% 
female) were trained in small groups of up to 10 people. The matched data sets of 
pretest and posttest correspond to approximately one-third of the total sample and 
are almost equally distributed across the three experimental groups (Table 23.1).

23  Promoting Digitally Supported Inquiry Learning in Diverse Classrooms…



330

Table 23.1  Sample

Digital media Inclusion Integrated total

Participants 40 43 58 141
Posttest (matched with pretest) 22 (17) 25 (16) 24 (19) 72 (52)

Table 23.2  Rasch analysis of the scales

Scale (items) Likert-Scale
Person separation
(Reliability)

Item separation
(Reliability)

Attitude inclusion: EZI (11) 0–5 2.22 (.83) 7.22 (.98)
Attitude digital Media (10) 0–3 1.98 (.80) 3.28 (.91)
TPACK (8) 0–4 2.67 (.88) 6.02 (.97)
TCK (7) 0–5 2.43 (.86) 2.49 (.86)
TPK (6) 0–5 2.34 (.85) 9.98 (.99)
TK (10) 0–5 2.63 (.87) 12.46 (.99)
DILAS (9) 0–5 2.38 (.85) 6.76 (.98)

23.5 � Data Analysis and Results

A Rasch analysis was performed to determine the quality of the scales. The calcula-
tions were performed on the matching data sets with pretest and posttest and were 
carried out with the Winsteps software. A high person separation (>2) and reliability 
(>0.8) implies a sensitive instrument (with enough items), which distinguish 
between high and low performers (Boone et al., 2014). A high item separation (>4) 
and reliability (>0.9) implies that the sample is large enough to have a good confir-
mation of the item difficulty hierarchy (ibid.). This means a high construct validity. 
The real reliabilities and separation indices for all scales are quite satisfactory, 
except for the item separation and reliability of the TCK scale and the item separa-
tion of the attitudes to digital media scale, which are below the desired values 
(Table 23.2).

A major advantage of the Rasch analysis in contrast to classical test theory is that 
the response format is not assumed to be metric. The Rasch analysis calculates the 
difficulty of the items and the ability of the individuals and reports them on the same 
scale in units of logits, which is presented in a Wrightmap. As an example, the 
Wrightmap of the Attitude toward Inclusion scale is shown (Fig. 23.3). The struc-
ture of the Wrightmap is as follows: On the left side of the map we see the persons, 
represented as “X”. These are plotted according to their person ability. The higher 
up a person is, the more capable they are. In the middle we see the “M”, which rep-
resents the mean ability of the cohort. On the right side we see the items, which are 
plotted by difficulty. The higher up an item is, the more difficult, or harder to agree 
with, the item is. For example, the item EI10 stands out, because it seems to be very 
difficult. In the translated version, the item reads, “If learners with special educa-
tional needs spent most of their time in regular classes, they would also receive all 
the support there that they would otherwise have in a small class or special school”. 
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Fig. 23.3  Wrightmap of 
the Attitudes towards 
Inclusion scale - Pretest

Thus, agreement with this item indicates that the same support is available at a regu-
lar school as at a special school. This question about support does not seem to be 
easily answered in the affirmative by the teachers. In comparison, the question 
about social inclusion, for example, can be affirmed more easily in this scale, as 
item EI12 shows. EI12 reads as follows: “The more time learners with special edu-
cational needs spend in a regular class, the more likely they are to be treated well by 
other classmates in their class”. The original factor analysis of the attitudes towards 
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inclusion scale (EZI) shows two components (Kunz et al., 2010). The first compo-
nent “Schooling and Support” consists of seven items, the second component 
“Social Inclusion” consists of four items. The item structure of this factor analysis 
is also reflected in the Wrightmap in this study. The upper box in Fig. 23.3 repre-
sents component 1. The lower box represents component 2. From this arrangement 
in the Wrightmap, we can now assume that overall the items dealing with social 
aspects of inclusion are easier to agree with than direct support in the class. Further 
calculations without anchoring item difficulty in the posttest did not show a differ-
ent arrangement. Thus, the difficulty of the constructs seems constant before and 
after the intervention. As a second example, the DILAS scale is considered. In terms 
of content, the scale deals with inquiry learning processes in science, such as experi-
mentation and modeling with digital media in heterogeneous classes. Over the items 
TP11 – TP14, the degree of heterogeneity in the class is varied from homogeneous 
(TP11) to heterogeneous in performance (TP12) to behavioral problems (TP13) and 
special educational needs (TP14). The level of digitalization remains the same. In 
items TP15-TP19, the level of digitization varies from no digital media (TP15) to 
digital instruction (TP16), digital observation (TP17), digital measurement (TP18), 
and purely digital laboratories (TP19). The class is always described as heteroge-
neous without more specific information. As shown in Fig. 23.4, the difficulty of the 
items correspond to the increasing level of digitization and diversity as described 
above. The more digital media intervene in the doing science process or the more 
explicitly diversity is described, the more difficult the item is rated. In terms of the 
teachers’ self-efficacy, this means that the higher the level of digitization and diver-
sity, the less confident the teachers feel. To compare pretest and posttest results, the 
item difficulty of the pretest was anchored and then the person ability was calcu-
lated on the posttest. The mean of person ability in pre- and posttest is highlighted 
by circles in Fig. 23.4. The mean of the item difficulty is set to zero. The mean 
person ability on the pretest is below the mean item difficulty. In comparison, the 
posttest shows an improvement in mean person ability, which is now above the 
mean item difficulty. This means that an improvement in teachers’ self-efficacy 
assumption occurred in the course of the intervention. This visual difference is also 
statistically detectable. The one-way repeated measures MANOVA is significant, 
as shown in Table 23.3. In order to calculate the differences of the scales in pretest 
and posttest, first the person abilities for the respective scale at the respective time 
of measurement were calculated. The item difficulties were anchored as described 
above. The person abilities were compared between the measurements using a one-
way repeated measures MANOVA. There were significant improvements in 
teacher ratings after the intervention, F(7, 45) = 6.791, p < .001, partial η2 = .514, 
Wilk’s Λ = .486. These calculations were made across the three groups. The univari-
ate testing shows an improvement of the following scales: Attitudes towards digital 
media, TPACK, TCK, TPK and DILAS. By this improvement, a positive impact of 
the intervention on teachers can be identified.

The pretest shows medium to strong correlations between the scales TPACK, 
TCK, TPK, TK, and DILAS (Table  23.4). These correlations show a close 
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Table 23.3  univariate testing of the one-way repeated measure MANOVA (Greenhouse Geisser)

Scale df F p df(error)

Attitude inclusion 1.00 2.238 .141 51.0
Attitude digital media 1.00 4.385 .041 51.0
TPACK 1.00 33.056 <.001 51.0
TCK 1.00 28.901 <.001 51.0
TPK 1.00 4.510 .039 51.0
TK 1.00 1.153 .187 51.0
DILAS 1.00 11.214 .006 51.0
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Fig. 23.4  Wrightmap 
DILAS scale in a pretest 
(left) / posttest (right) 
comparison

interconnectedness of the scales and suggest that the assumed individual compo-
nents of the self-efficacy assumption in the TPACK domain influence each other. 
There is also a weak correlation between attitudes towards digital media and the 

23  Promoting Digitally Supported Inquiry Learning in Diverse Classrooms…



334

Table 23.4  Pearson correlations of the TPACK model scales

Pretest Pearson correlation N = 54 Posttest Pearson correlation N = 53
TPACK DILAS TPK TCK TPACK DILAS TPK TCK

DILAS .687** .529**
TPK .563** .413** .568** .637**
TCK .616** .434** .550** .537** .623** .785**
TK .508** .504** .605** .516** .518** .514** .669** .639**

**.Correlation is significant at the 0.01 level (2-tailed)

Table 23.5  Comparison of the three experimental groups

V1: digital media
(N = 17)

V2: inclusion
(N = 16)

V3: integrated
(N = 19)

Attitude inclusion 0.40 (SD = 0.86) 0.04 (SD = 1.07) −0.03 (SD = 1.18)
Attitude digital media 1.91 (SD = 1.57) 1.96 (SD = 1.70) 1.31 (SD = 0.92)
TPACK 1.68 (SD = 1.63) 1.99 (SD = 2.52) 1.64 (SD = 1.86)
TPK 1.30 (SD = 2.02) 0.57 (SD = 2.36) 0.57 (SD = 1.96)
TCK 0.36 (SD = 1.22) −0.72 (SD = 1.34) −0.13 (SD = 1.41)
TK 1.06 (SD = 1.60) 0.82 (SD = 1.38) 0.66 (SD = 1.73)
DILAS 0.27 (SD = 1.26) 0.41 (SD = 1.48) 0.37 (SD = 1.24)

TPK self-efficacy assumption (r = 0.293, p  =  0.031). The scale attitudes toward 
inclusion do not correlate with any other scale in the pretest.

In the posttest, the existing correlations remain (Table 23.4), but the scale atti-
tudes toward digital media no longer correlate with TPK, but with TPACK (r = 0.299, 
p  = 0.03). However, what is much more interesting is that there is a correlation 
between the scales attitudes toward inclusion and attitudes toward digital media 
with a medium effect (r = 0.316, p = 0.021), which was not there in the pretest. One 
interpretation could be that the two topics of inclusion and digital media are no 
longer understood in such a detached way as they were before the intervention and 
they are now thought of in a more linked way.

Comparing the three experimental groups, it is noticeable that there are no sig-
nificant differences (Table  23.5). Again, the person abilities between the groups 
were tested for the single constructs. Afterwards, a group comparison between the 
three experimental groups – digital media, inclusion and integrated – was calcu-
lated. The one-way MANOVA found no statistically significant differences between 
the groups on the combined dependent variables, F(14, 86) = 0.521, p = .914, partial 
η2 = .078, Wilk’s Λ = .850. Despite supposed differences due to different instruc-
tional phases, no significance occurs, either because the groups are too small and 
thus the deviations are too large, which is reflected in a high standard deviation, or 
because no effects could be obtained. Table 23.5 shows the mean values and stan-
dard deviations of the three groups.
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23.6 � Discussion and Practical Implications

In summary, the following main findings can be described. Systematic variation in 
the instructional phase shows no difference in teachers’ attitudes or self-efficacy 
assumptions. Attitudes toward inclusion are stable across the intervention, whereas 
attitudes toward digitization change. In the attitude towards inclusion, the questions 
about social inclusion are much easier to agree with than the questions about ade-
quate support. The correlation between the two scales indicates a stronger link 
between the topics after the intervention. There are weak correlations, if any, 
between attitudes and self-efficacy assumptions, arguing for separate constructs.

The aim of the study was to promote teachers specifically for the use of digital 
media in heterogeneous classes in biology lessons. Following the theory of planned 
behavior  (Fishbein & Ajzen, 2010), it can be assumed that the goal has been 
achieved because positive attitudes and high self-efficacy assumptions are strong 
predictors for a desired behavior, in this case, the targeted use of digital media for 
differentiation in doing science. The results show significant improvements in atti-
tudes toward digital media and in self-efficacy expectations in the TPACK domains. 
As discussed earlier, teachers with positive attitudes and with high self-efficacy 
expectations are more likely to demonstrate a desired behavior in inclusive teach-
ing  compared to teachers with more negative attitudes and lower self-efficacy 
expectations (Sharma & Jacobs, 2016). The significant improvement now allows the 
assumption that the teachers feel more competent in using digital media for inquiry 
learning in heterogeneous classes. Consequently, it can be assumed that the use of 
digital media in inquiry learning may be more frequent in future lessons, adapted to 
the needs of the students. However, this remains an assumption derived from theory, 
which must be verified, for example, through follow-up interviews.

Looking at the second research question (What are the relationships between the 
TPACK domains and attitudes?), it is important to note that the attitude scales deal 
separately with the domains of digital media and inclusion, whereas the TPACK 
scales require an intertwined approach. The TPACK scales (and the DILAS scale) 
deal with the intertwining of digital media and subject content and student needs. 
Within these constructs, correlations among the scales occurred in both the pretest 
and posttest. This is as expected, as the domains are strongly interrelated due to the 
technological component.

The attitude scales, on the other hand, are less linked to the TPACK domains than 
expected. Although there are weak correlations between attitudes toward digital 
media and individual TPACK domains, these are neither strong nor consistent 
across pretest and posttest. A stronger linkage was assumed here because the 
TPACK scales used constructs of both inclusion and media use. The limited preva-
lence of this shows that attitudes are a rather independent construct. The theory of 
planned behavior assumes that both attitudes and self-efficacy assumptions are 
influenced by beliefs, which in turn are influenced by background factors (Fishbein 
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& Ajzen, 2010). Accordingly, only little cross-talk between attitudes and self-
efficacy assumptions appeared here. The intervention seems to promote these two 
areas separately. It is all the more interesting that there is a correlation between 
attitudes toward inclusion and digitization in the posttest. These two constructs were 
still considered completely independently in the pretest. The linking of the two top-
ics in the intervention therefore may has an effect here.

The Attitude Towards Inclusion scale shows that teachers find it easier to rate 
social aspects of inclusion positively than support aspects. This evaluation remains 
constant across the intervention. This is not in line with expectations, as the inter-
vention focused strongly on the promotion of individual needs of students, but the 
social aspects were not in the foreground. One possible explanation is that attitudes 
themselves are a construct that is difficult to change. The underlying beliefs and 
factors have developed over long periods of time and require a lot of effort to change. 
The reportet changes of attitudes towards inclusion after an intervention in Miesera 
& Gebhardt (2018) and Miesera & Will (2017)  belong to long term interven-
tions. Accordingly, it can be assumed that a one-day intervention does not have the 
power to change them. Overall, multi day events in teacher training are considered 
more effective (Lipowsky & Rzejak, 2019, 2021). If we look at the DILAS scale, we 
see that teachers feel more confident the fewer digital media are used for scientific 
work and the more homogeneous the class is. This effect also remains constant, with 
the mean person ability increasing significantly after the training. In conclusion, this 
shows on the one hand the challenge of integrating innovations into the classroom 
and adapting them to heterogeneous needs, and on the other hand an improvement 
in self-efficacy.

In the post-test, we did not find any differences in the scales between the three 
intervention groups. The main change in the experimental design was the theoreti-
cal input in the instruction phase at the beginning. The experimental part and the 
discussion were basically the same in all three groups. Accordingly, we can say that 
the theoretical part of the training has too little influence to be measured with these 
scales. Rather, it can be assumed that application knowledge in the other phases of 
the training leads to the effect or overlaps the effect of the groups, or that the teach-
ers already have a lot of knowledge, which makes a sharp separation of the groups 
impossible. This suggests, in accordance with the scientific discussion, that the atti-
tude and self-efficacy assumptions do not only change based on theoretical discus-
sion (Fishbein & Ajzen, 2010). Rather, other factors, such as experience, perceived 
control, and others, influence these personal characteristics  as well (Fishbein & 
Ajzen, 2010). This effect is reflected in the significant improvements in almost all 
scales after the intervention. This suggests that the intervention itself is effective. 
Overall, it can be concluded that after the intervention, teachers feel more confident 
in using digital media during inquiry learning in heterogeneous classes and have 
more positive attitudes than before. According to the theory of planned behavior and 
the results of several studies as discussed (Eickelmann & Vennemann, 2017; Jordan 
et al., 2009; Sharma & Jacobs, 2016), we can conclude that the teachers may use 
more digital media for differentiation in future because of their attitudes and self-
efficacy assumptions in the TPACK areas.
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The following implications for teacher training can be derived from these results. 
Since there were no differences between the groups, none of the options can be 
emphasized. It is necessary to verify to what extent the instructional phase can be 
shortened or shifted in order to make it more effective. For example, the inclusion 
and digitalization of instruction could come into play after the barriers to the experi-
ment identified. The practical phase should be placed more at the center of the train-
ing. Together with the subsequent discussion, it is a more effective component of the 
training than the instructional phase tested in this study. Overall, when designing 
teacher training, care should be taken to think about the increasing heterogeneity of 
students and incorporate it into the design. By linking the topics in the training, it is 
possible to provide teachers with differentiated options for action in the classroom 
through increased self-efficacy. However, there is the limiting factor that the train-
ing was offered as a webinar. In this respect, it is not possible to directly control 
what the teachers actually did in the instruction phase. Even with the camera 
switched on, it is not possible to guarantee that the teachers were not otherwise 
occupied outside of the work phases. The following additional limitations still need 
to be included in the results. There was only a small experimental group with 54 
matching pre-posttests. Participation in the tests was voluntary and therefore the 
rate was only 50% and even lower for the matching data sets due to incorrect codes. 
Results are limited to secondary teachers. For future research, face-to-face sessions 
should be tested to examine instructional phases, while ensuring that teachers are 
not distracted. In addition, a better response rate would be expected. This would 
allow the possibility to verify the results of this study. To anchor the topic of inclu-
sion, another practice phase could be integrated into the training, in which differen-
tiation methods are run through by the teachers themselves, as in the previous 
practice phase. Another idea would be a training course of at least two sessions, 
which would allow for practical testing in the school, to see if this could improve 
teachers’ attitudes.
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Chapter 24
Implementation Processes: Sustainable 
Integration of Biotechnology Experiments 
into Schools

Sara Großbruchhaus, Patricia Schöppner, and Claudia Nerdel

24.1 � Theoretical Background

Teachers are challenged to stay up-to-date with rapidly growing knowledge and 
technology (Borko, 2004). Molecular biology is a fast-expanding field with the 
ongoing development of new applications (Martin et  al., 2021). The underlying 
basics, such as polymerase chain reaction (PCR) or gel electrophoresis (GE) are 
integrated in the German school curriculum (ISB, 2015). However, the teaching of 
these basics remains at a solely theoretical level. Some possible reasons for this 
circumstance are schools’ lack of the necessary equipment and reagents, teachers’ 
low confidence and content knowledge (Nerdel & Schöppner, 2021; Hanegan & 
Bigler, 2009; Borgerding et al., 2013). Especially in interdisciplinary domains like 
biotechnology, professional development (PD) can bridge these gaps by connecting 
teaching practices with innovations (King, 2014; Merchie et al., 2018). The general 
assumption is that PD improves teaching quality and, thereby, students’ outcomes if 
it is just effective enough. However, PD and lesson teaching take place in a multidi-
mensional structure and are influenced by factors on different systemic levels 
beyond the lesson or PD event itself.

Various models have been developed to represent this complex interplay and are 
based on the process product paradigm (Brühwiler et al., 2017; Lipowsky, 2010). 
Lipowsky claims PD can be effective on up to five levels (2020). First, teachers 
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must be satisfied with the PD so that further engagement with the content takes 
place. Second, the PD content should enhance teachers’ cognition and knowledge. 
Third, the quality of teaching should increase when teachers implement the PD 
content. Fourth, students’ outcomes improve by the implementation. The fifth level 
is positioned beside the other four and concerns school development, which can be 
stimulated by PD (Lipowsky & Rzejak, 2020). These levels are generally seen as a 
causal chain, although their causality has not yet been empirically proven (Davis 
et al., 2017).

Based on Lipowsky’s model, several studies assessed different characteristics 
that enhance PD effectiveness and should be considered while planning a new PD, 
for example, the duration or teachers’ active role (Sims & Fletcher-Wood, 2021).

Particularly in subject-specific PD, teachers seem to benefit from a pedagogical 
double play in which they anticipate themselves with the learning process. Those 
PD showed effects on both teachers’ knowledge and classroom behaviour, if they 
were confronted with similar challenges during the PD as their students during les-
sons (Lipowsky & Rzejak, 2021). This form of cognitive activation can thus be 
counted among the quality features of PD that facilitate implementation of PD 
content.

Implementation research itself postulates the influence of additional factors, for 
example, support by the school administration (Gräsel & Parchmann, 2004). For 
implementation, which in a broader sense represents the third level of Lipowsky’s 
model, effectiveness is not defined uniformly, but rather two approaches emerged: 
Defined by the number of teachers implementing it or the quality of implementation 
(Gräsel, 2010; Gale et al., 2020). Assuming causality in the Lipowsky model, high-
quality PD should be followed by implementation. In order to understand what 
teachers actually perceive helpful about PD for implementation, we need to know 
their approach to implementation.

A PD programme focussing on molecular biology contexts addresses both keep-
ing teachers up to date with growing amounts of knowledge in biotechnology and 
enable them to implement experiments into their lessons (Schöppner et al., 2022). 
Following Lipowsky’s model and recommendations from presented studies, we 
designed the PD accordingly with a high focus on cognitive activation as teachers 
can perform the biotechnology experiments themselves during the PD (Nerdel & 
Schöppner, 2021). The PD has been evaluated on the first of Lipowsky’s levels and 
teachers are satisfied (Nerdel & Schöppner, 2021). After participating, teachers can 
borrow the equipment needed for implementation, such as thermocycler and 
reagents, free of charge, which addresses the stated problem of schools lacking 
these (Schöppner et al., 2022). Based on the theory, we expected participation in 
pairs and at schools directly to reduce implementation barriers regarding implemen-
tation quantity (Gräsel & Parchmann, 2004). This study aims at this implementation 
(Lipowsky’s layer four). With respect to the PD’s goals, two main questions arise: 
How did they implement the biotechnology experiments into their classroom?  
To what extent did the PD influence the implementation procedure? Both questions 
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link the Lipowsky layers two and three in order to get a deeper understanding of 
their causality. What occurs following the participation and borrowing of equipment 
by teachers? We examined how teachers execute molecular biology experiments at 
their schools. Insights into the process and the different formats teachers used for 
implementation are presented.

24.2 � Method

24.2.1 � Professional Development

The starting point of this study is an evaluated PD that addresses experiments in 
DNA analysis and is aimed at biology teachers. It was extensively described previ-
ously (Nerdel & Schöppner, 2021; Schöppner et al., 2022). We embedded the DNA 
analysis into four different contexts (s. Fig. 24.1) firmly connected to the Bavarian 
biology curriculum (ISB, 2015). The contexts vary in thematical and methodical 
difficulty. Therefore, teachers may choose one that meets their needs ideally. 
Figure 24.1 shows an overview of the contexts starting with the thematically and 
methodically easiest: Crime scene.

Implementation refers to teachers who borrowed the equipment and carried out 
the practical molecular biology methods presented in Fig. 24.1 with their students 
at school in biology classes. Teachers are entirely free in their realisation regarding 
grade level, time spent or student numbers. Within the PD, we presented the mod-
ules in such a way that they can be implemented either in a regular 90-min biology 
lesson, or in two successive biology lessons with a break after PCR, which widens 
the possible implementation formats.

Analysing the various implementation formats that emerged in detail should give 
first insights into Lipowsky’s third layer implementing PD contents (Lipowsky & 
Rzejak, 2020).

Fig. 24.1  Within the PD, teachers learn the theoretical background and perform the experiments 
of two modules. The modules grow in difficulty in both methodical scope and theoretical complex-
ity. Module 1 is the easiest, as the reagents used are prefabricated DNA samples. Module 4 is 
advanced, requiring extensive genetic knowledge and clear practical procedure to ensure visi-
ble results
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24.2.2 � Sampling

Since 2017, a total of 289 teachers from 98 secondary schools have participated in 
the PD. Teachers from 38 schools borrowed the equipment and implemented the 
experiments at least once; 20 of those schools implemented the experiments more 
often. Implementation is described on a school level, as mostly one teacher carries 
out the borrowing process. However, more teachers are involved in the implementa-
tion process. Both participation in the PD and implementation occurred in groups of 
teachers.

In order to achieve the broadest possible coverage of participants, we followed 
theoretical sampling (Flick, 2006, p. 73) to include all known variables and their 
combination:

	1.	 Secondary school type: gymnasium, upper secondary school, vocational 
high school

	2.	 PD participation mode: alone, with colleagues
	3.	 Locations of PD: school, university
	4.	 Implementation mode: alone, with colleagues

We have to add that the PD mainly addresses teachers from German higher second-
ary schools (Gymnasium) and was specially designed for their curriculum (Nerdel 
& Schöppner, 2021). However, we wanted to include viewpoints from other school 
types as they show a significant interest in both the PD and implementing the bio-
technology experiments. Therefore, we recruited teachers for the interviews via 
email, and they participated voluntarily. We interviewed a total of 20 teachers from 
18 schools who implemented the biotechnology experiments. One interviewee pre-
sented the most complex implementation process in this study. For broader insights, 
we recruited a second interview partner from the same school.

24.2.3 � Descriptive Statistics of the Sample

For the interviews, we recruited teachers for each variable and its expression. We 
even found a new combination of variables: Teachers who implemented the mod-
ules practically into their classes without attending the PD.  Instead, they were 
trained internally by participating colleagues.

Regarding the implementation mode, the number of 20 interviews was exceeded 
as some teachers implemented more often. If they implemented several times alone 
or with colleagues, we counted them together, but if they implemented several 
times alone and with colleagues, we counted them separately. The following list 
shows the variable coverage of our interview partners. Notably, those variables do 
not correlate, e.g., the 13 teachers who participated with colleagues are not the same 
13 teachers who implemented cooperatively.
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Secondary school type:
 ��   Grammar school: 16
 ��   Upper vocational school: 3
 ��   Comprehensive high school: 1

Participation mode:
 ��   Alone: 5
 ��   With colleagues: 13
 ��   Not: 2

Location of PD:
 ��   University: 10
 ��   School: 10

Implementation mode:
 ��   Alone: 9
 ��   With colleagues: 13

We stopped recruiting due to information saturation and are therefore not cover-
ing all possible combinations of these variables. However, when looking at the vari-
ables alone, their different expressions seem not to impact implementation as it 
takes place in each.

24.2.4 � Interviews

We conducted semi-structured interviews. The order and concrete wording of the 
open questions could vary (Krüger et al., 2018, p. 125). We asked our interview 
partners to describe the implementation process directly: ‘Please describe how 
implementation was carried out in your classroom/school.’ We started with face-to-
face interviews (in February 2020) but switched to phone interviews due to the 
COVID-19 pandemic. The last interviews took place in May 2020. The duration of 
the interviews was M = 20 min (SD = 10). The interviews were transcribed follow-
ing simple rules based on Dresing and Pehl (2020).

24.2.5 � Examine Teachers’ Implementation Formats

We summarised each interview as an individual case (Kuckartz et al., 2008) and 
mapped the individual implementation processes by the typecasting strategy of 
Mayring (Mayring & Fenzl, 2019). This four-step analysis generalises statements to 
identify types or categories: (1) paraphrasing (remove language that does not carry 
information), (2) generalising (abstract statement to a consistent level), (3) selection 
(select all abstracted statements that carry relevant information), (4) integration 
(summarise all statements that carry the same information). During mapping, we 
followed these steps. We focussed on actions undertaken by teachers and worked in 
pairs to verify decisions by continuous communicative validation.

In this paper, we present the implementation strategies that emerged from type-
casting the 20 interviews and focus on a particular case: two interviews of teachers 
from the same upper vocational school. We call the two teachers Anna and Lisa, 
regardless of their true gender. In more detail, we extracted their implementation 
procedure to examine the interrelationships of factors predicting PD effectiveness 
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and their implementation outcome as best practice examples corresponding to the 
research question.

24.3 � Results

24.3.1 � Implementation Strategies

Within the 20 interviews, we could identify three main implementation formats: 
regular lessons (N = 9), block lessons (N = 9) and special event (N = 6).

Teachers implemented the biotechnology experiments within the standard time 
frame of biology lessons during regular lessons. This strategy is presented within 
the PD (Sect. 24.2.1). It was supposed to reduce the organisational effort. Within 
block lessons, experiments were implemented with an expanded time frame. 
Teachers either exempted students from their following lessons or organised an 
afternoon session. In both cases, the participation for students was mandatory. 
Within a special event, teachers organised a whole project day or week. Thereby the 
participation of students was voluntary. Voluntary afternoon events also fall into this 
category.

Some interviewees implemented several times: If they implemented following 
the same strategy, we counted them together. If they implemented the following dif-
ferent strategies, we counted them separately. Therefore, the total number of imple-
mentations counted exceeded 20 interviews.

We were able to find every implementation strategy within every variable and its 
expressions which we defined in Sect. 24.2.3, with one exception: Teachers who did 
not participate in the PD only implemented cooperatively. Additionally, block les-
son tends to be implemented cooperatively. However, further studies are needed to 
verify that tendency based on the sample size (N = 20) and the fact that some imple-
mented block lessons alone. For the participation mode and location of the PD, this 
data shows no tendency towards an implementation strategy.

This was further supported by teachers who repeatedly implemented as they 
tended to choose the same implementation strategy again, regardless of the vari-
ables they fall into. We identified three scenarios:

Teachers who implement PD into one class either in regular lessons or block les-
sons, repeat this in the following year(s) if they teach a suitable class again.

Second, teachers who implemented the experiments collaboratively with the whole 
biology faculty for all biology students in the suiting grade level and repeat this 
annually.

Third, teachers who implemented it collaboratively with their colleagues in either 
block lessons or special events, and additionally implemented experiments with 
another class within regular lessons. Hence, teachers seem to only choose differ-
ent implementation strategies when the implementation takes place in the 
same year.
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From that, we drew two conclusions: Firstly, the variables defined in Sect. 24.2.3. 
have no influence on the chosen implementation strategy by teachers with the one 
stated exception. Secondly, a new characteristic to hint at quality emerges: annual 
repetition. In itself, repetition is a quantitative characteristic, but the practice that 
accompanies it could increase the quality of implementation in the long term. This 
gives a significant indication of PD quality because the PD content seems to be 
accepted and suitable for teachers to use it repeatedly. Teachers who implement 
repeatedly have the potential to adapt and develop their implementation process by 
gaining practice and routine. For PD addressing a specific content, this could define 
a first measure of success, as annual repetition automatically serves implementation 
quantity, not by the number of teachers implementing, but the coverage of students 
reached.

The only variable that could enhance this quality definition is cooperation: hav-
ing many teachers repeatedly implementing together enhances the possibility of 
strengthening the implementation process through cooperation features, for exam-
ple, feedback and team support. Additionally, if all teachers work together, they can 
address the whole grade level and create equal opportunities for all students. 
Subsequently, this scenario has great potential for sustainable integration of the PD 
content into the school curriculum. In the interviews with three teachers from two 
different schools, we found this described scenario. That proves that single PD 
events can initiate school curriculum development (fifth layer of Lipowsky’s model) 
through collaborative work on innovative subject content for the classroom. In the 
following section, we closely focus on the implementation procedure and further 
development of that one school as we consider it a best practice example.

24.3.2 � One School as a Role Model: Sustainable Integration 
of PD Content into Curriculum

Anna is involved in teaching pre-service teachers and continuously seeks for inno-
vation as she wants young teachers to learn new teaching concepts to stay up-to-
date. Consequently, she learned about PD early on. In a first step, she discussed the 
PD offer with the other biology teachers at her school. As a result, they decided 
democratically to attend the PD and implement the content collaboratively.

Anna came up with the idea and democratically put [it] up for debate. We all thought it 
made a lot of sense because our students do not have any opportunity to practise biotech-
nologically. – Lisa

The teachers had two primary motivations for implementing the experiments: They 
highly value the chance for students to experience practical biological work, but 
suffer from the lack of equipment. In line with that, all students of suitable grades 
(12th and 13th) who selected biology as a subject should experience practical work. 
In their view, block lessons were more suitable. They divided things into different 
tasks to manage such an important occasion. Anna took over the superordinate 
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organisation: contacting the school administration and all the teachers affected, 
finding a suitable week, etc.

Of course, the school organisation is another hype, [...] it is difficult to schedule [this event] 
correctly. – Anna

Lisa and the others shared tasks like preparing teaching material and students theo-
retically. In 1 week within defined time frames, all the biology classes went through 
the practical work one after another, while the teachers shared supervision and 
received support from student teachers. Thus, the students were released from their 
regular classes during their participation. Students evaluated the event regarding 
their satisfaction with sticky dots. Subsequently, the biology faculty reviewed the 
event, discussed the procedure and decided on adaptions. They went through this 
overall process over the following years, further defining their implementation pro-
cedure and establishing it as a fixed event at their school.

In summary, it can be stated that the faculty had both well-established coopera-
tive processes into which the PD content was included and a change agent (Anna), 
continuously looking for improvement. This enables the faculty to define imple-
mentation success and reduce implementation barriers.

Figure 24.2 gives an overview of these findings.
The faculty decided on the following adaptions:
In year two, 13th graders should be able to implement module 3 (circadian 

rhythm), as they know module 1 from the previous year. The PD content directly 
enables this procedure of teaching over different grade levels. We assigned the dif-
ferent contexts to the factor of adaptivity, allowing teachers to implement it into 
various thematic fields of the national curriculum. This faculty used this as a learn-
ing opportunity, for the reason that students can focus on the higher thematic com-
plexity of the content, as they know the handling of experiments, e.g. pipetting, 

Fig. 24.2  Implementation strategy and its development over four years of an upper vocational 
school. First year: Whole biology faculty implemented the first module (crime scene), blocked les-
sons over one week, all biology students (12th and 13th grade). Second year: Same strategy, but 
13th grade implemented module 3 (bitter taste perception). Third year: Same strategy, only 13th 
graders participated mandatorily, working groups reduced. Fourth year: 13th graders could choose 
between module 3 and 2 (circadian rhythm). This implementation module remained
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from the previous year. In terms of the desired vertical connection of knowledge in 
school, this could directly influence teaching quality, the third layer of the Lipowsky 
model. During this implementation, no student teachers supported the biology fac-
ulty. They split the biology classes for implementation, so that one teacher super-
vises only half a class in the third year.

The principal has now also approved having someone who does not teach a class still 
supervising students [at the event]. – Anna

This impressively showed how cooperation allows teachers to reduce implementa-
tion barriers by themselves and adapt their teaching flexibly. As the accessibility of 
student teachers could be an omnipresent barrier, this procedure is even more 
noticeable. Twelfth graders’ participation was not mandatory anymore. This was to 
give the event a ‘special flair’, as it addresses only interested students, while assur-
ing that everyone choosing biology in the 13th grade experiences biotechnology 
practically. With this change, their implementation procedure became a mixed ver-
sion of block lessons and special events held in the same time frame. This combina-
tion of mandatory and voluntary participation could function as a factor for 
implementation quality by creating equal opportunity for everyone and simultane-
ously fostering interests. After the third implementation, the faculty was satisfied 
with the outcome. Despite many 12th graders joining the event, they had some 
remaining capacity and opened it for interested teachers with other subjects. They 
were rather surprised at how many of their colleagues participated and reflected on 
cross-connections of the experiments within the context of their own subject.

In the meantime, [the organisational issues] have been well solved with a lot of talking and 
arguing within the school. – Lisa

In year four, 13th graders were able to choose the context they are most inter-
ested in, either circadian rhythm or bitter taste perception. The faculty’s growing 
security with supervising the practical work made this flexibility possible. Within 
4 years, this biology faculty established the experiments as an annually repeated 
event at their school and gained the support of other teachers, the principal and the 
whole school management. Consequently, they successfully integrated the PD con-
tent into their school curriculum. This allows us to draw three conclusions:

	1.	 Regular repeated implementation (annually) is possible even if the PD is a one-
time event. This is highly dependent on the teachers’ school environment.

	2.	 Teachers’ scripts and beliefs (layer two) within a faculty could be understood as 
collective, affecting each other and contributing to the school environment. In 
this concrete case, this manifests in new teachers being obligated to participate 
in the PD and implement it cooperatively.

	3.	 A faculty with established cooperative structures can reduce implementation 
barriers themselves.
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24.4 � Discussion

The PD underlying this study is in line with the constructivist view that learning 
with authentic contexts can increase students’ scientific interest, in general, due to 
the close linkage of molecular biology topics with social issues, such as the 
COVID-19 pandemic (Nordqvist & Aronsson, 2019). With the option to borrow the 
equipment needed, teachers can allow students to analyse their own DNA and expe-
rience what it means to work in a molecular biology laboratory (Schöppner et al., 
2022). Since this PD is a single event, it is affected by the critique of the current 
discussion on PD effectiveness, which generally questions the impact of such offers 
(Lipowsky & Rzejak, 2020). This study’s goal was to evaluate teachers’ implemen-
tation approaches to assess the PD’s influence on implementation, which conforms 
to the overarching goal of the PD to counteract the missing equipment and enable 
teachers to implement molecular biology basics practically at school (Nerdel & 
Schöppner, 2021; Huang et al., 2018). As a starting point, we draw on Lipowsky’s 
model of PD effectiveness (Lipowsky & Rzejak, 2020).

Our biotechnology content was presented in a regular lesson format. This should 
reduce implementation barriers due to connecting the content to classroom instruc-
tion and bringing innovation in line with existing teaching practice (Yurtseven Avci 
et al., 2020; Gräsel & Parchmann, 2004). Contrarily, we found more teachers that 
used other implementation strategies instead: block lessons or special events. Either 
the organisational effort in classroom management is not as crucial for our PD or 
overpowered by other factors influencing the implementation of the experiments, 
e.g. equipment borrowing. To make a conclusive statement about these linkages, we 
need to take a closer look at teachers’ decision-making processes and reasoning. 
From our analysis, a new factor emerged: annual repetition. PD represents one of 
three main themes contributing to curriculum development (Langelotz & Olin, 
2022). Annual repetition is the first step towards curriculum development, which, 
according to Lipowsky’s model, is the fifth layer impacted by PD (2020). Curriculum 
development is a collaborative practice, and teachers remain the main agents in this 
process (Langelotz & Olin, 2022). In the past few decades, a conceptual change to 
merging top-down and bottom-up strategies shifted decision-making competencies 
and responsibilities to the individual school level (Maier-Röseler & Maulbetsch, 
2022). Some researchers went a step further and expected teachers to not only 
implement innovation, but shape and influence the respective development them-
selves (Kneen et al., 2021). The presented case study impressively shows that teach-
ers can shape their school development process with organisational communication 
on several school levels. We extracted several influencing factors, which are in line 
with current literature: change agent, highly cooperative structures, joint mission 
(a.o. Fussangel & Gräsel, 2009). Future studies should analyse the whole sample of 
teachers who implemented the biotechnology experiments in school for further evi-
dence of correlations and their influence on implementation quantity. Nevertheless, 
those factors could influence the implementation strategies chosen by the teachers.
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All these results must be confirmed by future studies in different PD settings and 
other subjects, as this study is limited by both sample size and the indications for 
teachers’ self-statements. Nevertheless, our data first shed light on the implementa-
tion process’s complexity. We could extract that annual repetition is a suitable pre-
dictor for PD effectiveness in the form of implementation that opens opportunities 
for school development via new topics and methods in the biology school curricu-
lum. Thereby, we could demonstrate that a single PD addressing a certain topic can 
initiate school curriculum development if certain conditions are present, for instance, 
embodying a joint mission and cooperative structures at school. In the case pre-
sented, this could even lead to a feedback loop from school practice to PD because 
new teachers must contribute to the established PD content and are expected to 
participate in the PD. In terms of the Lipowsky model, this reveals a complex view 
on the postulated causality, because higher layers (e.g. implementation) influence 
lower layers (e.g. participation) in PD. Thus, at least for the present PD concept, it 
could be shown that one-time PDs are legitimate in the teacher training landscape.
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