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Abstract 

According to previous research, students show difficulties in understanding 
photosynthesis and respiration, and basic ecological concepts like energy 
flow in ecosystems. There are successful teaching units accomplished in this 
area and many of them can be described as inquiry-based teaching. One 
definition of inquiry-based teaching is that it involves everything from 
finding problems, investigating them, debating with peers and trying to 
explain and give solutions. Accordingly students need to be confronted with 
challenging questions and empirical data to reason about and teachers need 
to implement student-generated inquiry discussion since students often stay 
silent and do not express their thoughts during science lessons. This thesis 
will focus on young peoples’ understanding of the functioning of plants, 
students’ participation during biology lessons, and how biology teaching is 
accomplished in primary and secondary school.  

Two school classroom projects focusing on teaching about plants and ecology 
are described. Four teachers and their 4th, 5th and 6th grade classes plus two 
science teachers and their three 8th grade classes collaborated. 
Photosynthesis and respiration were made concrete by using tasks where 
plants, plant cells, germs, seeds and the gas exchange were used. The aim 
was to listen to students’ reasoning in both teaching and interview situations. 
Learning outcome, as described by students’ reasoning in the classrooms and 
in individual interviews but also by their test results, is especially focused. 
Student-student and student-teacher interactions have been analysed with 
an ethnographic approach in the classroom context.  

The plant tasks encouraged the students’ in primary school to develop 
scientific reasoning and the interviews confirmed that the students had 
learned about photosynthesis. The ecology teaching in secondary school 
showed a substantial understanding confirmed both by students’ oral and 
written reasoning. Analyses of test results and understanding as presented in 
interviews did not always correspond. The interviews showed the importance 
of letting students try to explain concepts and to correct themselves. Primary 
students’ reasoning and understanding about photosynthesis were in the 
interviews almost the same as the secondary students’. The secondary 
students’ questioning during the lectures showed wonderments and interest 
for ecology from a broader view than in the content presented by the 
teachers and the textbooks, but the large classes and disruptive students 
stole too much time from the teachers’ management in the classroom. 
Students’ knowledge was underestimated and their interest in ecology faded 
away.  
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Sammanfattning 

Tidigare forskning visar att elever har svårigheter att förstå processer som 
fotosyntes, cellandning och ekologiska samband, såsom energiflöden i 
ekosystem. Lyckosamma undervisningsprojekt inom det här området kan 
ofta beskrivas som ”inquiry-based”. Ett sätt att definiera ”inquiry-based” är 
att det innefattar allt ifrån att hitta problem, undersöka dem, debattera med 
andra elever och till att försöka förklara och ge lösningar. Utifrån detta visas 
att elever behöver bli konfronterade med utmanande frågor och empiriska 
data att resonera utifrån. Lärarna behöver också arbeta med att föra in 
studentdiskussioner eftersom det visat sig att många elever ofta är tysta och 
inte uttrycker sina tankar och spekulationer under NO-lektionerna. Den här 
avhandlingen fokuserar på elevernas förståelse av växternas funktion, 
elevernas deltagande under biologilektionerna och på hur 
biologiundervisning genomförs i mellan- och högstadiet. 

Två skolprojekt med fokus på växter och ekologi beskrivs. Fyra klasslärare 
och deras klasser i årskurs 4, 5 och 6, plus två NO-lärare och deras tre 
klasser i årskurs 8 samarbetade. Fotosyntes och cellandning konkretiserades 
med hjälp av växter, växtceller, groddar, frön och några gas-
utbytesreaktioner. Syftet var att lyssna på vad eleverna resonerade om, både 
i undervisningssituationer och vid intervju. Elevernas förståelse utifrån 
deras resonerande men också utifrån deras testresultat fokuserades. Elev-
elev- och elev-lärarinteraktioner analyserades med hjälp av en etnografisk 
ansats i klassrums-kontexten.  

Uppgifterna med konkret växtmaterial uppmuntrade mellanstadieeleverna 
att utveckla ett naturvetenskapligt resonerande och intervjuerna bekräftade 
att eleverna hade lärt sig om fotosyntes. Ekologiundervisningen på 
högstadiet resulterade i en påtaglig förståelse, som bekräftades utifrån 
elevernas muntliga och skriftliga resonerande. Analysen av förståelse visad i 
provresultat och vid intervju överensstämde inte alltid. Intervjuerna visade 
betydelsen av att låta eleverna både få förklara begrepp och att rätta sig 
själva i sina förklaringar. I intervjusituationen visade det sig att 
mellanstadieelevernas resonerande och förståelse av fotosyntes gott kunde 
mäta sig med högstadieelevernas. Elevernas sätt att ställa frågor under 
lektionsgenomgångarna visade på funderingar och ett intresse för ekologi, 
som hade en större bredd än det innehåll som lärare och lärobok 
presenterade, men stora klasser och störande elever stal alldeles för mycket 
av lärarens tid för att det skulle vara möjligt att genomföra bra undervisning 
i klassrummet. Elevernas kunskaper underskattades och deras intresse 
tonade bort. 
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Introduction 

Personal background 

In November 2009, three keynote speakers at the International Science 
Education Conference (ISEC) in Singapore challenged me to reconsider the 
way science is taught. Barbara A. Crawford posed and answered this 
question: ”How did you get interested in science?” before she addressed the 
inconsistency between the nature of scientific inquiry and the classroom 
teaching of scientific inquiry. According to Crawford (2009), there is only 
one guiding principle: to teach science as inquiry. Reinders Duit, another 
experienced researcher in science education, told the audience that German 
teachers must change the way they conceptualize teaching, a change from 
teaching facts t0 teaching for scientific literacy and about the Nature of 
Science (NOS). According to Duit and Treagust (2009), teachers must 
“meet” a cognitive conflict in their teaching to realize that this conceptual 
change is necessary. Teachers have to be so disappointed of their own 
teaching, that they by themselves start to look for new ways to teach science. 
Similarly, Larry Yore, an educator with 45 years of experience in science 
education, pointed to the need to think about how we are going to teach in 
the future. For Yore, the methods of the 1960s, memorizing facts and rote 
learning, should be replaced with an inquiry-based approach. Yore’s 
experience has convinced him that a new pedagogy is needed. These 
experienced researchers believe science teaching can be improved by 
applying a more inquiry-based approach. Barbara Crawford inspired me, an 
I will start by answering the question that she posed to the audience at the 
conference: How did you get interested in science? 

At the age of three or four years old I was running in the meadows and 
wanted to know all the names of the flowers. At six or maybe seven I came 
home crying and told my parents that the mothers of my friends named the 
flowers in another way than I had learned. In primary school a conflict with 
my teacher appeared when she told me that the rare Spring pea (Lathyrnus 
vernes) I had picked to the herbarium was a common Bitter vetch 
(Lathyrnus linifolius). The little girl with the knowledge of flowers ended up 
as a biology, chemistry and mathematics teacher. After ten years as a science 
and mathematics teacher in secondary school and in upper secondary school, 
I started to work at the teacher education at Umeå University. As a university 
teacher I metaphorically speaking closed the circle for my passion for inquiry 
and teaching. In the courses where I mostly have taught, my field and 
content knowledge of flowers and birds has been useful together with my 
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chemistry and ecology knowledge. To teach about photosynthesis next to a 
spruce in the forest is my passion. 

 
Figure 1. Helena instructing future teachers outdoors. Photographer, Rolf Eng. 

Recently, my teaching has been pushed into the background by the work 
with this thesis. In this chapter, I will briefly introduce my research interest 
and area, the organisation of the project, and its content. 

What is photosynthesis and why do we have to understand? 

Photosynthesis is a process that converts carbon dioxide (from the air or in 
the water) into organic compounds (such as carbohydrates) by using the 
energy from sunlight. Water is also needed in this very complicated chemical 
process and oxygen is a by-product in the process (mostly let out in the air). 
Photosynthesis occurs in plants, algae, and cyanobacteria and these 
organisms are photoautotrophs, organisms that can create their own food. 
Photosynthetic organisms supply other organisms with energy-rich 
compounds such as carbohydrates, fats, and proteins. Without 
photosynthesising organisms life on earth would be very different. The basic 
processes of photosynthesis are, since long, well understood. A review of the 
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historic discoveries and important observations of photosynthesis is 
presented in Govindjee & Krogmann (2003). Nevertheless, much research 
about photosynthesis is still going on. Today’s research is a matter of 
understanding the structure, function and regulatory mechanisms within the 
photosynthetic machinery. In a press release, Miguel Hernandez-Prieto 
(2009) from Umeå University presented his basic research about 
photosynthesis in cyanobacteria (Synechocystis). His research, as with many 
other researchers from all over the world, tries to imitate parts of the 
photosynthesis. This basic research is important to increase the 
photosynthetic capacity to be able to replace fossil fuels with biofuels. 
Although my thesis does not consider this “leading-edge” research, it is 
possible that the teaching of photosynthesis in compulsory school could 
inspire students to take on these types of challenges in their future studies.  

Photosynthesis is invisible for the eye and the process is described with 
models that can be hard for students to understand and to explain. When I 
ask students and other people I meet who are not scientist what it is that 
makes a tree grow or where does the tree get its “food”, they say that plants 
get their food from the soil, where the roots are the organs of feeding. It is 
difficult to understand that an invisible gas in the air is the most important 
building brick in, for example, a tree. Actually it is quite possible to live 
happily without any understanding of photosynthesis, but I argue that there 
are strong reasons that such knowledge is beneficial: 

almost no life can exist without photosynthesis,  

the carbon dioxide in the atmosphere that has a big effect on global 
warming can be reduced by increased photosynthesis, and 

an understanding of carbon recycling generates general knowledge about 
chemical, geological, physical, and biological course of events.  

If people did know more about photosynthesis it could perhaps lead to 
people’s harder work for a sustainable development.  

In this study, respiration and plant life cycles also have been considered 
since all these parts are included when carbon recycling is taught. In the 

Photosynthesis: Carbon dioxide and water is transformed, with help from the 
energy from the sun, into carbohydrates and oxygen. 
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introduction, I chose to describe photosynthesis more thoroughly since my 
main focus is photosynthesis.  

Project organisation and development  

For the accomplishment of classroom research, one needs access to schools, 
interested teachers, and students. In this thesis, one primary school and one 
secondary school gave me such access. In the primary school, four class 
teachers and three classes (4th, 5th and 6th grade) collaborated. This project is 
considered in the first paper of the thesis. Using the experiences from the 
primary project, I developed new research questions for the secondary 
school project. In this project, two science teachers and three 8th grade 
classes collaborated. The three remaining papers describe this project. The 
common approach in both projects is classroom studies. There has also been 
a pronounced focus on plants and photosynthesis and an ambition to make 
the processes concrete by using plant cells, germs, seeds and different plants. 
The aim has been to get closer and to listen to the students’ reasoning in both 
teaching and interview situations. The secondary school project started in 
the students’ ordinary ecology lessons and therefore includes ecology 
content. 

Who should read this thesis and why? 

As a former teacher in 7th to 12th grade and in municipal adult education, I 
have hopes that teachers working in the field will have an interest in reading 
about my research. In the thesis, biology teaching in a classroom context is 
problemized and students’ written and oral reasoning before, during and 
after the teaching is reported in four papers. All teachers who have an 
interest in working with plants should benefit from reading the thesis. The 
contribution to research and teaching in science education and foremost to 
biology education is naturally most important.  
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Background 

In the background, I try to describe previous research findings and theories 
underlying and justifying my research. Understanding photosynthesis, 
successful teaching design and inquiry-based teaching are the three first 
headings followed by teacher and students interactions. From the literature 
described, I have found a justification of my study. The last headings 
describe how and where I have placed my research in the theory field. 

Understanding photosynthesis 

Students at almost all school levels, from 9 to 19 years of age, show 
difficulties in understanding photosynthesis and respiration, and there 
seems to be a fundamental lack of understanding of basic ecological concepts 
such as energy flow in ecosystems, including the role of photosynthesis and 
respiration for life on earth (Canal 1999; Marmaroti & Galanopoulou 2006; 
Lewis 2009; Wood-Robinson 1991). From Wood-Robinson’s review, the 
students’ ideas about plants were “the plants do not live”, “the plants do not 
breathe or reproduce” and ”the plants take in food from their environment”. 
Wood-Robinson concludes that there is a need for considerably more work 
in the area of young peoples’ understanding of many aspects of the 
functioning of plants. 

According to Canal (1999), the students have many misunderstandings about 
green plants’ nutrition before they begin their studies about photosynthesis: 

• plants are nourished by the substances that they take from the earth 
through their roots: water and mineral substances, 

• the substances that plants absorb from the earth form raw sap, which 
moves through the stalk and which allows the plant to grow and carry 
out its other vital functions, 

• sunlight is indispensable for the health of green plants, their strength 
and good colour. Without light, they become weak and may end up 
dying. 

Canal believes that teachers need to address the incomplete understandings 
when they teach photosynthesis. Otherwise the students will develop their 
knowledge from what “they know” rather than from reality, germinating the 
“seeds” of their misconceptions into a life-long misconception. But he also 
states that it is also important to remember that some misunderstandings 
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have not yet occurred in primary school. For example, the description of 
green plant respiration as an inverse gaseous exchange with animals is only 
common by the secondary school students. But, according to the review by 
Canal, primary school students have little practical experience of plant 
structures and functional processes. He suggested that further research is 
needed about how changes can be implemented in the primary school 
curriculum to give students opportunities to learn photosynthesis in a useful 
way. When photosynthesis in the secondary school is taught and not truly 
understood the students tend to use rote learning as a strategy when their 
knowledge about photosynthesis is not meaningful (ibid.).  

According to Canal it is when students have been taught about 
photosynthesis that more problems in the understanding of photosynthesis 
occurs, misconceptions that include gas has no mass, chemical reactions do 
not happen inside living things, plants do not respire during the day, plants 
photosynthesise only to get enough oxygen for animals/humans, and energy 
is a substance that can be used up. The list can be longer and Canal (1999) 
and Lewis (2009) emphasise that an important goal in teaching is to develop 
students’ thinking in a way so they are able to understand the science 
explanations. To consider what the students need to learn in the classroom 
context is not easy to identify, but Lewis (2009) listed some crucial aspects: 

• to distinguish between the source of food and the function of food, 

• to demonstrate the need for a single explanation, 

• to demonstrate that gas and liquid can become solid, and 

• to develop and present a school science explanation that is coherent and 
consistent with the science explanation. 

The last goal is important for all science concepts. Another important “goal”, 
connected to time constraints, is to encourage students to accept some 
concepts and to just use them until a later consideration (Lewis 2009). 

It seems almost impossible to teach photosynthesis effectively. Reports from 
three different decades show the persistence of an intuitive explanation that 
plants obtain their food from their environment specifically from the soil 
since roots are the organs of feeding (Andersson 2008; Driver, Squires, 
Rushworth & Wood-Robinson 1994; Smith & Anderson 1984). Research has 
also shown that teaching has minor effect on understanding of gas exchange 
and the need and use of energy in the photosynthetic process (Driver et al., 
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1994; Engel Clough, Driver & Wood-Robinson 1987; Simpson & Arnold 
1982).  

Successful teaching design 

According to Barak, Sheva, Gorodetsky and Gurion (1999), different 
scientific processes such as photosynthesis are not learned properly if the 
teaching does not go beyond just words and concepts. One way of going 
beyond is to use living plant material as artefacts to obtain an ecological 
understanding and to provide good learning opportunities about 
photosynthesis in early grades (Helldén 1992; Vikström 2005). Vikström 
(2005; 2008) showed how work with the lifecycles of plants, seeds and 
angiosperms could develop complex understanding of photosynthesis for 7 
to 12 year old students. One important aspect in Vikström’s work was that 
the teachers had been trained to focus on the object of learning and on how 
the students experienced the tasks in the classroom. The teachers had 
listened to the students’ and to their own questions and therefore they could 
use a language including metaphors. From this way of listening they knew 
where to point out critical aspects for the students. Carlsson (2002; 2003) 
showed that critical aspects like, knowledge of atoms and molecules, changes 
of phase and transformation need to be grasped by the students before 
understanding of photosynthesis is possible. Carlsson used drama as a 
method for learning about atoms and molecules and in her study she could 
see how 12-year-old students developed understanding of the critical aspects 
by using her methods. It seems as if primary students have high ability to 
work, to acquire interest and to learn science (Gallas 1995; Nilsson 2005; 
Näs & Ottander 2008; Tytler & Peterson 2003). Gallas and Tytler and 
Peterson showed how students in the 1th to 4th grade had capacity and 
interest in reasoning and working with scientific processes and concepts. 
Current curricula in several countries often have a tradition of interpreting 
Piaget’s work in a way that places too low expectations on young children’s 
ability to engage in scientific ideas and evidence (Tytler & Peterson). 

Ecology is often described as difficult for students. It is difficult to 
understand the complex topics in ecosystems, the ecological concepts and 
how to relate them to the whole system (Helldén 2005; Hogan & Fisherkeller 
1996). Even so, there are successful ecology teaching units that point to 
understanding. According to Tomkins and Tunnicliffe (2001), a bottle 
ecosystem of brine shrimp that 12-year-old students observed in school and 
at home was an everyday investigation that evolved a new way of raising 
questions and searching for understanding of biological processes. Magntorn 
and Helldén (2007) used fresh water shrimp in a similar way as Tomkins 
and Tunnicliffe. In their study, the students went outdoors to a river 



 

 17 

ecosystem where they collected the shrimp and took it into the classroom 
and organised an aquarium ecosystem. They described how 10- and 11-year-
old students related several abstract ecological processes to their shrimp 
observations. 

Inquiry-based teaching 

The successful teaching units mentioned above could be described as 
inquiry-based teaching. In the argumentation for scientific inquiry, it is often 
mentioned that this kind of teaching will make the students interested in the 
science subjects and thereby encourage more learning. According to the 
European Commission (2007), inquiry-based teaching has proved its efficacy 
at both the primary and secondary level. Inquiry-based teaching increases 
both students’ and teachers’ interest, it motivates teachers, it stimulates the 
weakest to the most able of students, and it promotes girls’ interest and 
participation in science activities (ibid.). 

The overarching problem for teaching science as inquiry seems to be that 
curricula all over the world draw guiding principals but the teachers do not 
teach inquiry-based (Abd-El-Khalik, Boujaoude, Duschl, Lederman, 
Mamlok-Naaman, Hofstein, Niaz, et al. 2004; Crawford 2007; 2009; Yore 
2009). Abd-El-Khalik et al. (2004) made it clear that it is difficult to reach 
consensus about what inquiry-based methods mean in different countries 
and it is also difficult for the teachers to know if they teach science as inquiry 
or not. One definition of inquiry-based teaching is that it involves everything 
from finding problems, investigating them, debating with peers and trying to 
explain and give solutions (Linn, Davis & Bell 2004). Yore (2009) defines 
inquiry-based teaching as a creative, dynamic and a recursive process. 
According to Crawford (2000; 2007; 2009), teaching science as inquiry 
should be the main objective of science teaching. This approach requires 
teachers to teach about something more than just facts and to help students 
find answers to questions using logic and evidence. At the heart of inquiry is 
the learner herself, grappling with data and making sense of some events in a 
social environment. Crawford also states that the teaching strategies need to 
align with theories of how students learn science and she emphasizes that 
implementation in practice needs significant effort from teachers, 
researchers and teacher educators. 

Teachers’ and students’ interactions 

Students need to be confronted with challenging questions while doing their 
tasks or they tend to think about and interpret the results as they did 
previously. Many studies show that teachers need to challenge their students 
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if they want them to use reasoning regarding empirical data (Andersson, 
Bach, Hagman et al. 2005; Helldén 1992; 2002; 2005; Helldén & Solomon 
2004; Lidar, Lundqvist & Östman 2006; Vikström 2008). Helldén has, by 
using a longitudinal research design, shown how difficult it is for students to 
develop ecological knowledge. He focused on decomposition and the 
respiration process by using terrarium and authentic compostable artefacts 
and the students that he met from the age of nine to nineteen showed that 
the conceptions developed at an early age were important for future 
conceptual development (Helldén 2005). According to Lidar et al., students’ 
discussions during laboratory work show how the students’ interplay 
between students and the teacher is of central importance for creating new 
encounters and for making new relations to the content.  

Teachers play an important role during lessons and Osborne and Simon 
(1996) showed how the teachers’ ability to question and respond to the 
primary students’ questions correlated to students’ ability to understand. 
Teachers need scientific content knowledge to teach effectively; pedagogical 
knowledge and an interest in teaching science are not enough. With an 
uncertainty of the subject content the teachers often teach as little of the 
science subject as they can get away with (ibid.). Harlen (2001) described the 
characteristic of science teaching by primary teachers with low confidence 
and poor background knowledge in science. The teachers had to adopt 
teaching strategies that restricted rather than encouraged children’s 
questions. Unfortunately, ten years later, Krall, Lott and Wymer (2009) 
show that elementary and middle school teachers’ understanding of 
standard-based science concepts such as photosynthesis and respiration still 
are limited; that is, teachers’ basic knowledge of science is so limited that 
they cannot help their students construct accurate scientific understanding.  

Many students stay silent and do not express their thoughts and speculations 
during science lessons (Lemke 1990; Chin, Brown & Bruce 2002). According 
to Abd-El-Khalik et al. (2004), the traditionally authoritative training still 
given at the universities influences the way science is taught and even when 
the teacher tries to include her students while lecturing, they do not succeed. 
Ødegaard (2008) showed how lessons including practical work were 
dominated by the teachers even though the teachers wanted the lessons to be 
student-dominated. Her quantitative data showed fewer student discussions 
than expected in science lessons containing practical work. In these practical 
lessons, the teachers’ task management and presentation of new content 
knowledge was used almost eighty percent of the time in the classrooms 
(ibid.). These lessons were meant to be inquiry-based, but only point at 
difficulties for the teachers not to intervene and lecture during the lessons. 
Mortimer and Scott (2003) believe that the interactive-dialogic-authoritative 
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communicative approach, where the teachers take into account the students’ 
own ideas by asking questions and thereby helping the students to 
understand the scientific story, is an excellent model, but not always possible 
and easy to accomplish in a classroom. According to Mortimer and Scott, the 
teachers often believe they use an interactive-dialogic communicative 
approach, but when looking at videotapes from their lessons, they realized 
that the questions posed to the students often only had one answer, the 
answer required by the teacher. Van Zee, Iwasyk, Kurose, Simpson & Wild 
(2001) tried together with a group of collaborating educators from 
elementary school, high school and college faculty to implement guided 
discussions, student-generated inquiry discussion, and peer collaboration. 
Their research showed that the teachers needed to exert themselves, not to 
intervene, and to know when to intervene in the students’ work with inquiry-
based tasks. To make the focus of a discussion students’ questions and give 
the students a possibility to argue about scientific ideas make the students 
construct knowledge with one another by asking, explaining and doing 
(Barnes & Todd 1978; Gallas 1996; Näs & Ottander 2008; van Zee 2000). 
The teaching methods used by van Zee et al. (2001) at the first glance felt like 
a failure for the teachers, but they were necessary for the students’ self-
reliance in their argumentation. Although in order to deepen the students’ 
knowledge, teacher interventions were necessary. A crucial point was that 
the teacher during the students’ collaborative inquiry had to know what the 
students talked about before she intervened. By listening to the students, the 
teacher could know where to start teaching and this was a possible way to 
make the science lectures more comprehensible (ibid.).  

More research from the authentic classroom context has to be investigated 
and described (Crawford 2000; 2007; Jenkins 2001; Kelly 2007; Millar & 
Osborne 2009). Kelly asked for further research on students’ participation in 
science, how science is accomplished, and what counts as science. According 
to Crawford (2000), more studies that focus on the day-to-day events are 
needed. When the everyday events are not described, the teachers are left to 
their imagination of the classroom, and this ends in frustration from 
attempting to use new methods such as inquiry-based strategies. Crawford’s 
request for classroom research agrees with Jenkins’ conclusion that more 
knowledge about classroom activities must reach the teachers and thereby 
allow them to implement new research findings. This is a shift of emphasis 
towards teaching rather than learning as a focus for research, a shift that will 
allow a greater hospitality towards research that is concerned with directing 
attention to important issues, clarifying problems, encouraging debate, and 
exchanging views (Jenkins, 2001). 
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Theories influencing my research 

According to Schön (1987), research needs to be more available for the 
practitioners and this is only possible if the researcher is in the practice. I am 
a teacher and a researcher who has approached the theories as a reflecting 
practitioner. I have observed the classroom activities and used the theories 
for the interpretations of the practical experiences derived from the 
classroom. Schön often represents action research, but the two projects 
included in this thesis are not described as such projects. The teachers and 
partly I (in the primary project) did accomplish actions in the classrooms, 
but the pronounced research processes together with the teachers who 
characterise action research have not been included.  

Barnes and Todd (1995), Leach and Scott (2003), Mortimer and Scott 
(2003) and Scott, Asoko and Leach (2007) describe their use of socio-
cultural and constructivist theories in different learning situations. 
According to Mortimer and Scott (2003), their perspective on learning, 
described from Vygotskij’s theories involves a passage from a social context 
to an individual understanding. Mortimer and Scott interpret this with how 
words, gestures, pictures and meetings in the social context obtain 
instruments for the individual thinking, i.e., the students’ internalization 
process. Barnes and Todd (1995) suggested that learning is a reconstruction 
of earlier knowledge with reinterpretations and a reshaping of new and old 
knowledge. In an ongoing dialogue with other students, new or deepened 
knowledge about scientific phenomena can help individual students to 
formulate questions and to learn. Students who manage to do this arrive at 
accurate understanding (ibid.). 

I agree with those who say that learning has to be described from both an 
individual and a social perspective. According to Vygotskij (1978), the role of 
the teacher as the supporter of the children’s mental development, his “zone 
of proximal development”, defines the functions that have not yet matured 
but are in the process of maturation: 

“The zone of proximal development is the 
distance between the actual development 
level as determined by independent 
problem solving and the level of potential 
development as determined through 
problem solving under adult guidance or in 
collaboration with more capable peers” 
(Vygotskij, 1978 p 86). 
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Andersson (2008) defines this development process from a position that the 
students need to learn to know the scientific culture and for this the teacher 
has a very important role. According to Hartman (1980), Dewey’s written 
work often has been wrongly interpreted and paved the way for pedagogy 
where the teacher has received a far too minor role. Dewey is often 
associated with learning by doing or hands-on, where the students are said 
to be learning by themselves. According to Hartman, two sentences from 
Dewey’s credo 1897 (My Pedagogic Creed) consider another not often 
referred part of Dewey’s work:  

“The teacher is not in the school to impose 
certain ideas or to form certain habits in the 
child, but is there as a member of the 
community to select the influences which 
shall affect the child and to assist him in 
properly responding to these influences.” 

“I believe that the teacher's business is 
simply to determine on the basis of larger 
experience and riper wisdom, how the 
discipline of life shall come to the child” 
(School Journal, 54, 77-80). 

Dysthe (2003) writes about socio-cultural perspectives of knowledge and 
learning. She refers to learning theorists such as Dewey and Vygotskij when 
she writes about the importance of the social group for individual learning. 
Dysthe sheds light on the complex interplay between individual and group, 
cognition and culture, thought and language, and communication and 
contents. Dysthe means that it is impossible to separate a dichotomy such as 
thought and language when learning is described and especially in a 
classroom context where dichotomies often appear.  

From my point of view, the students learn by constructing her/his own 
knowledge, by using artefacts in the social context, where peers and teachers 
are important reasoning partners and supervisors in the learning process. In 
this perspective, it is not just for the teacher to make the scientific story 
available for the students; the teacher also has to be an active person during 
the learning process.  

A historical reflection of theories in education 

In Didactica Magna, Comenius states that education should start in the 
common and go to the specific and from the easier to the more difficult 
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(Kroksmark 1989). Almost 400 years ago, Comenius said that the teaching 
should be tangible and use dialogue as a working method. Comenius has 
inspired philosophers and educators all over the world and especially the 
Swedish school system. From Comenius’ sermonizing text, the step to 
Ausubel, Dewey, and Vygotskij is not long. Ausubel’s (1968) often quoted 
work has a direct line to Comenius: “If I had to reduce all of educational 
psychology to just one principle, I would say this: The most important single 
factor influencing learning is what the learner already knows. Ascertain this 
and teach him accordingly” (p. vi). Similarly, Vygotskij’s (1978) described 
ZPD as having many similarities with Comenius’ learning “message” in 
Didactica Magna. When I am reading this classical and philosophical text, it 
is easy to find similarities with present day discussions about teaching, 
inquiry-based methods, and literacy in science.  
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Objectives and research questions 

This thesis builds on a Swedish study were students' reasoning, both in the 
classrooms and during interviews outside the classroom context, was 
investigated. Furthermore, teachers’ talk and acting during the lessons were 
partly focused. By this approach students' expressed knowledge could be 
problemized in relation to the pursued teaching about plants and ecology. 
The overarching aims of the research were: 

1. First, through classroom observations, interviews and test results, to 
investigate, and describe students’ development of understanding of 
photosynthesis and related processes in different contexts.  

2. Second, to describe teaching in Swedish biology classrooms, and analyse 
what effect pedagogical processes have in shaping the classroom reality. 

Accordingly, the twin aims of the thesis are first to provide knowledge about 
what teaching of photosynthesis, respiration, plants’ life cycles and ecology 
look like and second, to provide an insight about what effect the teaching has 
on developing students’ learning in Swedish biology classrooms. The general 
research questions discussed in the thesis are:  

How do the students reason about photosynthesis, respiration, plants’ life 
cycles and ecology during teaching? 

What knowledge do the students demonstrate in written tests and 
interviews?  

What learning opportunities and difficulties does students’ reasoning 
demonstrate during teaching?  

Four papers are described in the thesis. Paper 1 and 4 focus on how students 
reason and understand the way photosynthesis and respiration work. Paper 
2 and 3 focus on students’ possibilities to learn during ecology lessons. 
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Method 

Background 

The data in this study was gathered from two School research projects: “The 
Primary School Project” and “The Secondary School Project”. In the primary 
school project, three classes were followed for six weeks and in the secondary 
school project three classes were followed for ten weeks. The breadth of the 
data collected in these two projects aims to enable a holistic interpretation of 
the students’ knowledge and the biology teaching in six classes, altogether 
138 students. Starting with a brief overview of the Swedish syllabus this 
chapter will continue with presenting the two projects separately. 

Swedish syllabus 

In the curriculum for the compulsory school system, democratic values are 
the foundation of all subjects. Reading the science syllabus, this is evident in 
the following paragraph: “Science education aims at an approach to the 
development of knowledge and views which resonate with the common 
ideals of the natural sciences and democracy on openness, respect for 
systematic investigation and well-founded arguments” (Swedish National 
Agency for Education 2008). In science studies, the primary goal is “to 
ensure that the students believe in and develop their ability to see patterns 
and structures that make the world understandable” (ibid.). The common 
science syllabus describes a vision to educate scientific literate students 
imbued with both inquiry-based teaching and thoughts about nature of 
science. The Swedish course syllabi are overall written in general terms and 
allow teachers to interpret the goals differently. Therefore, learning about 
plants can be given a central position in many educational goals. The biology 
syllabus identifies three goals that students should have attained by the end 
of their 5th year: 

• recognize and name common plants, animals and other organisms in the local 

environment, as well as be familiar with their environmental requirements; 

 

• give examples of the life cycle of some plants and animals and their different 

growth processes; and 

 

• understand what is required for laboratory work. 

The plant tasks used in the primary and secondary school projects allow 
instructors to teach science as inquiry, to discuss the plants environmental 
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requirements and life cycles, and to examine the role of laboratory work. In 
the primary project, the design of my teaching could be seen as a 
supplementary knowledge (to the expressed goals), but for the 9th grade the 
science syllabus has three distinctly expressed goals about plants and 
photosynthesis: 

• have an insight into photosynthesis and respiration, as well as the importance of 

water for life on earth; 

 

• have a familiarity with some of the world's ecosystems and how interrelationships 

between organisms can be described in ecological terms; and  

 

• have a familiarity with how cells are built up and how they function. 

The primary school project 

Preparations and selection of teachers and students  

During the late autumn 2003, a primary school teacher, who I know; was 
asked if she would be interested in letting her class be part of my research. 
She had 20 years experience as a teacher and had earlier, when she was 
working at another school, collaborated in a science research project. She 
was positive and she suggested that she should ask three of her colleagues if 
they wanted to attend. Rather quickly two more teachers wanted their 
classes to participate. The primary school project included 68 students (4th, 
5th, and 6th grade) and their four teachers.  

I was promptly invited by the teachers to one of their team working 
meetings. I informed them in detail about the design of the project (Table 1) 
and answered their questions. The qualitative design of the study was 
explained and discussed. During the team work meeting I also got the 
opportunity to describe/discuss my research interest in students reasoning 
and learning. I emphasised that I was not in their classroom to measure the 
knowledge of the students. According to Bogdan and Biklen (2003), 
qualitative data collection does not insist on an exactly decided working plan 
since new questions can arise during the project; the teachers were told that 
this could happen. When the teachers had given me the green light the 
headmaster was asked to approve the project. My own experience as a 
teacher convinced me of the importance to ask the teachers first, because 
asking a head teacher who then asks the teachers could sometimes make the 
teachers feel forced to attend. Of course, it is possible that my asking 
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received the same reaction, but I had been satisfied with one class and only 
invited the teachers to join. 

Table 1. Teaching sessions, data acquisition and analysis methods.  

Week Activities carried out in each of the 

three classes 

Data 

acquisition 

Analysis 

method 

1 Five different plant tasks about plant 

anatomy and plant life cycles. Audio-

taped group discussions. Students 

recorded details in their notebooks.  

Discussions 

and written 

work 17pp 

transcribed 

Categorised 

reasoning  

2 Home investigations with garden 

cress cultivated in darkness and light.   

Notebooks 

reviewed  

 

3 Theory lessons including concepts 

concerning the plant tasks and a 

carbon story. Students recorded 

details in their notebooks.  

Notebooks 

reviewed  

 

4 Four tasks to investigate carbon 

dioxide and water. Demonstrations of 

tasks with oxygen and sugar. Audio-

taped discussions. Students recorded 

details in their notebooks. 

Discussions 

and written 

work 17pp 

transcribed 

Categorised 

reasoning  

5 Questionnaire with 10 multiple-choice 

questions (Andersson, Bach, 

Frändberg et al., 2005). n=66.  

Frequency and 

cross tabulation 

Statistical 

programme 

(SPSS9.0) 

6 Two group interviews with two boys 

and two girls from 4
th

 and 5
th
 grade.  

6pp transcribed 

discussions 

Categorised 

reasoning 

30 Individual interviews with three girls 

and two boys in 5
th
 grade, lasting 

about 30-35 minutes.  

33pp fully 

transcribed 

interviews  

Categorised 

reasoning 

Bogdan and Biklen (2003) describe the importance of trying to be practical 
and sensible and to use your own skills as much as possible when you enter 
the field. The different plant material tasks (Appendix A) had been used in 
my teaching at the teacher education. School classes with children between 
six and twelve years had also tried, and successfully tackled, the tasks at a 
visit at the university. I used my skills and my familiarity with the tasks. The 
teachers involved would not have started a project like this on their own 
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partly because they did not have access to microscopes, chemical reagents, 
etc. but also because they were unfamiliar with the subject content. Some 
parts of the project could be described as in-service training for the teachers, 
where I was the teacher. Furthermore, Bogdan and Biklen’s general advice is 
to “pick a study that seems reasonable in size and complexity and think 
small” (p.51). The primary school project became bigger than planned and 
the data collection got broad (Table 1). Substantial choices for selection of 
data had to be made in the reporting of paper 1. 

The teaching and research design 

The activities during the project are described in Table 1. The teachers were 
served a rough teaching instruction about the plant biology including 
anatomy, physiology, etc. meant to be dealt with during the project. From 
this instruction, they had to make their own decisions about the content 
during the lessons when I did not attend. I handled the tape recordings and 
brought the laboratory equipment to the classrooms. The teachers had never 
used microscopes to study plant cells and stomata in their classrooms. They 
usually cultivated plants in the classroom, but the follow-up questions used 
in the tasks of the project were mostly new for them (Appendix A). When 
they sometimes did not know an answer to the questions, I could explain. 
Even so, the teachers in the project had a broad integrated pedagogical 
knowledge from many subjects. They easily caught the meaning of the 
students’ questions and helped them carry on in their reasoning. When the 
lessons ended, the teachers had to go on with the next lesson so there was no 
time for discussion with me afterwards.   

During the lessons of the first and the fourth week (cf. Table 1), I introduced 
the lessons and then acted as an assistant teacher when the lessons had 
started. I did not attend during the second and third week. During the 
second week, the students did a cultivation task as homework. In the third 
week, the teachers presented two theory lessons about plants and 
photosynthesis. Both the cultivation task and the theory lessons were 
reported in the students’ notebooks. In the fourth week, when the students 
had finished the lessons with the carbon dioxide and water tasks, I collected 
their notebooks for analysis. In the fifth week, I handed out questionnaires 
and I stayed in the classroom when they answered the questions. The 
students were told to try to do their best and they were also told about my 
desire to see their answers even if they were wrong. I gathered the 
questionnaires directly after they had completed them and the teachers did 
not look at the results. In the last week of the project, three audiotaped group 
interviews were accomplished.  
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The students worked independently in groups of three or four students and 
only called for the teachers help when they had problems. The students’ 
reasoning and explanations were audiotaped during each task. The recording 
did not seem to disturb the students. The ordinary teaching was influenced 
by new tasks and a new person and could therefore not be seen as a picture 
of their usual classroom teaching. The students were well aware of my 
presence as a researcher in their classroom and they showed no objection to 
it. Their ordinary teachers were always present and had the main 
responsibility for what happened in the classroom. When the students did 
not do their work or when they behaved badly, it was always the teacher that 
told the students to behave, etc. It was also the teacher that started and 
ended the lessons. 

Six months later, three girls and two boys from the 5th grade (now in the 6th 
grade) were interviewed. The interviewed students were selected by their 
teacher; she had been asked to choose five average achieving students. 
Doverborg and Pramling Samuelsson’s (2000) and Kvale’s (1996) semi-
structured interview design was used. This design is more thoroughly 
described in the secondary school project. 

The design of the tasks 

The tasks (Appendix A) used in the teaching were tulip stomata, plant cells 
from Elodea, different seeds, germs of garden cress, CO2 and BTB, CO2 and 
“lime water”, oxygen and a glowing match (demonstration), sugar and 
sulphuric acid (demonstration), breathing against a pane of glass and, put 
the hand in plastic bag. The tasks demonstrated plant anatomy, cells, the 
gases oxygen and carbon dioxide by different reagents, and introduced new 
concepts/words. The students were encouraged to document their questions 
and thoughts. There were also two or three questions in each instruction 
(exemplified below) aimed at helping the students focus on the task. The 
students circulated and visited five different tasks in the classroom. There 
were two of each station, thus ten stations altogether in the classroom. The 
stomata task is described below. 

The materials used were tulips, a microscope, and glass slides with stomata 
preparations. Three students in each group worked together with the written 
instructions and questions. Each student’s task was to observe, discuss with 
the other students in the group and to write in their own notebook. The aim 
of the task was to see stomata in the microscope and to discuss anatomy and 
function. 
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Figure 2. Work with the stomata cell task. 

The students answered several written questions for each activity. For 
example, following the stomata instruction, these questions were asked: 
What do you think the plants use the stomata for? If I tell you that there are 
different gases in the air: What gas do you think the plants use to build their 
“body”? What do you think the plants let out of the stomata? Appendix A 
reports the rest of the tasks. 

Data collection 

The data collection procedure is described in Table 1. The overwhelming 
purpose was to investigate what, how and why students learn about plants, 
photosynthesis and respiration. The students’ writings and oral reasoning 
during their group work included much of the reasoning data. The students’ 
enthusiasm and their hard work during the practical tasks were evident in 
their vivid discussions and detailed writings. The delayed interviews 
complemented and verified the students’ knowledge shown during the 
project. 
 
The qualitative and interpretive approach used (cf. ethnographic approach 
described in the secondary school project) always influenced the data 
analysis in the data collection phase as well as in the reporting phase 
(Bogdan & Biklen 2003; Erickson 1986). The design was in accordance with 
Erickson’s (1998) participant observation since the data collection included 
looking, asking, collecting site documents and audiotapes. This method gave 
a variety in data collection, allowing for a stronger evidentiary claim (ibid). 
My assistant teacher role dominated in the classroom and the observation 
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role was limited to only writing headings and phrases during the lessons. 
Afterwards, I sat in a private room and wrote down my reflections. The noted 
reflections described the students’ actions and interest and were, in the 
reporting phase, only used to complement the analysis of the audiotaped and 
written reasoning. 

In the choices for selection of data to report in paper 1, the analysed 
questionnaires and the group interviews were omitted (cf. Table 1). In the 
group interviews, it was hard to hear what every student said and therefore 
difficult to analyse properly. The analysed answers in the questionnaires 
were left out because the answers to the questions were only marked with a 
cross. The data were saved for a paper not included in the thesis and in the 
present state not yet written. 

Analysis 

Table 2 shows the three categories used in the analysis of the primary 
students’ reasoning. I used a combination of the epistemological 
representations of students’ reasoning used by Driver, Leach, Millar, and 
Scott (1996) and the analysis of children talking about specific tasks used by 
Barnes and Todd (1978; 1995). Barnes and Todd categorised students’ 
reasoning when the students were sitting in groups outside the classroom 
and without an intervening teacher. Collaborating with a researcher outside 
the classroom, Driver et al. used individual and group discussions about 
scientific empirical inquiries to uncover how 9 to 16 year old students used 
different epistemological representations of reasoning. Tytler and Peterson 
(2003) built on the work of Driver et al. when they analysed interviews of 
younger students (5 to 6 years old) during their two first years in primary 
school. 

The students in the primary school project reasoned in groups in the 
classroom and sometimes teachers helped them. The combination of the 
reasoning categories, as described in table 2, formulated a method to analyse 
the students’ group discussions, written reports and interviews. In the 
analysis, I tried to establish what the students’ reasoning could tell about 
their learning process and how the students developed understanding. 

When the students’ discussions consisted of three perspectives mixed 
together, their reasoning showed understanding. The analysis was 
descriptive and illustrated the students’ use of scientific and every-day 
language, how they compared their statements, and how they tried to use 
new scientific words and concepts during their work with plant material. The 
interviews conducted six-months later complemented and verified the 
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students’ reasoning knowledge shown during the project. The analysis of the 
primary students written and oral reasoning excerpts are presented in paper 
1. 

Table 2. Reasoning perspectives for analysing levels of understanding in 
students’ discussions, modified after Barnes and Todd’s (1978) speech events 
and Driver et al. (1996) and Tytler and Peterson’s (2003) epistemological 
reasoning framework.  

Phenomenon-based 

reasoning 

Logical processes and 

relation-based 

reasoning 

Cognitive strategies, 

reflexive thoughts and 

concept/model-based 

reasoning 

Observed the world with 

few explanations. 

Students talked about 

their observations and 

focused on the subject 

content. 

To see, feel, smell and 

find out new things. 

Described and explained 

new things and compared 

it to what they already 

knew.  

Had explanations out of 

data without using 

general scientific 

theories. 

Discussed and asked 

questions and learned 

from peers and teachers. 

Made connections with 

new words/concepts in a 

way that showed 

understanding of scientific 

processes and theories.  

The secondary school project 

Preparations and selection of teachers and students  

When planning for the secondary school project at a new school, the teachers 
and the headmaster of the school were contacted. The headmaster approved 
the project and one of the science teachers in the school invited the other 
science teachers to a meeting. At the meeting, I described my thoughts about 
the project. Together with the team of the science teachers, it was decided 
that I, in following autumn, would follow the three 8th grade classes during 
their ecology lessons. Two teachers were involved in the planning and since 
the decision was taken in February, there was plenty of time to make up 
plans. The teachers made all decisions and the planning about the content in 
the ecology unit (Table 3). During the preparations, I asked to use a modified 
version of the plant material tasks (Appendix A) during a couple of lessons. 
The teachers considered the plant content and some lessons about 
photosynthesis and respiration as a natural contribution to the ecology 
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teaching. According to the syllabus, it was no problem to motivate the 
suggested content in the ecology unit.  

The teachers described the classes as two normal and one problematic class. 
According to the teachers’ description and my observations, many students 
in the problematic class were restless and disturbing and they sometimes 
spoiled as much as two-thirds of the lessons. One teacher taught the 
problematic class (19 students) and the other teacher the other two classes 
(24 and 27 students). The students had joined the present classes from the 
6th grade and they had two years left at senior level of the nine-year 
compulsory school. During these four years, all the students had science 
lessons in biology, chemistry and physics. 

The students in the classes lived in three different areas near the school and 
in one of these areas there was a residential area with apartments. In the 
other two areas, they mostly lived in single-family homes rather than 
apartments. The composition of the classes was a mix of students from the 
different areas. 

The teaching and research design 

The activities during the project are described in Table 3. In the autumn, 
when I entered the classrooms, I shortly presented myself as a researcher 
who was going to sit in the back of the classroom. Every ecology lesson 
during the first two weeks was observed. After two weeks, I decided that it 
was time to once again present the whole project and to ask the students 
again for permission to carry on. As soon as possible, the students were told 
that they could tell any teacher or me if they wanted me to leave or stay in 
the classroom. At this occasion, the students really listened to what I had to 
say and they also asked relevant questions. All students gave me permission 
to continue. 

The whole ecology unit consisted of ten weeks with 33 hours in each class. I 
participated in 70 of 99 possible lesson hours. The teachers had put the 
students in fixed working groups of three to four students. During the 
lessons, there were 19 to 27 students in the classroom, i.e., six to eight 
groups.  
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Table 3. Teacher lesson plan, data acquisition and time used at each part. 

Week and 

time used 

Activities carried out 

 in each of the three classes. 

Data acquisition 

1-2, six 

hours 

Introduction to ecology with cultivation and 

group work about leaving earth and the 

survival on a space shuttle.  

Observation notes in all 

the three classes 

3, three 

hours 

Theory lessons in ecology and group work as 

a preparation for the excursion to the forest 

biotope.  Questionnaire with 10 multiple-

choice questions (Andersson et al., 2005). 

n=70. 

Observation notes and 

70 collected 

questionnaires  

4, six 

hours 

The excursion and supplementary group 

work. 

Observation notes 

5, three 

hours 

Supplementary work with excursion material 

and theory lessons. 

None 

6-8, nine 

hours 

Theory lessons with ecology, photosynthesis 

and respiration content carried out both as 

lectures, group work and individual work with 

questions from the textbook interspersed with 

demonstrations and laboratory work. 

Observation notes and 

audiotaped discussions 

partly transcribed 

9 Autumn holiday None 

10, three 

hours 

Go through/repeat the ecology content. Observation notes 

11, three 

hours 

Repetition lessons before test and one 

lesson’s written test (Appendix B) as an 

examination of the whole ecology unit. 

Observation notes, 

collected and copied 

tests 

14-16, 

twelve 

hours 

Interviews with 23 students Audiotaped interviews 

fully transcribed 

The first two weeks are described in paper 2, “the Space Shuttle”, and the 
observations of the rest of the unit are the dominating content in paper 3, 
“What is going on in a classroom”. A participant observation and an 
ethnographic approach were used and the observations focused on the 
ecology content but also described the interactions in the classrooms. The 
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interviews and the students’ written tests results are described in paper 4, 
“Understanding photosynthesis and respiration”. The questionnaires 
collected in the third week were seen as a pre-test, but in a similar way as in 
the primary project omitted in paper 4 and only reported in the results of the 
thesis. The secondary students avoided and turned off the recording machine 
or just made silly noises and played around when they reached a desk with a 
recording machine. Therefore, the audiotaped discussions could not be 
systematically analysed. 

The ethnographic approach and my role as a researcher 

An important aim with the secondary school project was to observe the 
classrooms. The teachers carried out all lessons and my intervention was 
minimal. The classroom atmosphere aimed to encourage learning and 
understanding about ecology. As with the primary project, I entered three 
classrooms and the school with a qualitative, descriptive and interpretive 
approach and the data collection included observing the participants by 
looking, asking, collecting site documents and making audio recordings 
(Bogdan & Biklen 2003; Erickson 1986; 1998; Garpelin 1997). 

I have defined my research approach ethnographic. By using this research 
approach, the data analysis is always inhered in the data collection phase as 
well as in the reporting phase. My former experience as a teacher and a 
researcher, research literature, and new thoughts arising from the observed 
lessons formed the perspectives of the interpretation. As an observer in the 
classroom, I was sitting by the wall on a chair, and when the students had 
started their discussions, I moved around to different groups and always 
asked for permission if to sit down with the group and take notes. The 
overarching aim was to listen to what the students had to say about the 
subject content they were supposed to discuss. I did not ask the students any 
questions when they were working, and when they sometimes asked me 
questions, I provided short answers and reminded the students about my 
presence as a researcher and not as a teacher.  

Since the discussions and the teaching episodes in the groups and in the 
classroom often turned out to be something quite different than subject 
content, the notes were supplemented with thick description notes (Bogdan 
& Biklen 2003; Geertz 1973; Mehan 1992). Geertz stated that “ethnography 
is thick description” if the researcher does not pursue a more automatized 
routine of the data collection. He continued to describe the ethnographer’s 
task as “faced with a multiplicity of complex conceptual structures… which 
are at once strange, irregular and inexplicit … and which he must first grasp 
and then render” (ch 1, p. 10).   
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In my thick descriptions, the students’ and teachers’ acting and talking in the 
classroom about things other than the subject content was noted. Since some 
lessons only used 15 of 45 minutes on ecology content, the lessons’ content 
had to be complemented with these thick descriptions. The thick 
descriptions also gave me a possibility to picture a science classroom’s “real 
life” in accordance to Mehan (1992 p. 3): “Schools [classrooms] are not black 
boxes through which students pass their way to predetermined slots in the 
capitalist order; they have a vibrant life, composed of processes and practices 
that respond to competing demands that often unwittingly contribute to 
inequality”.  

The inequality was not the focus in my analysis, but the students’ reasoning 
without the teachers’ presence is in a similar way important to emphasize. 
There are always different power relations between the students and the 
teacher in the classroom that can make the students stop talking when the 
teacher is nearby. As a researcher in the classroom, one has the possibility to 
hear a lot of the reasoning of the students that teachers do not have access to. 

The interviews 

Since the audiotaped discussions during work with the practical tasks were 
not a success, it became important to meet students in individual interviews. 
The students were informed about the interviews in the beginning of the 
teaching unit and they were asked to participate after the last observed 
lesson. My interest in learning something about both their lack of knowledge 
and their actual knowledge was made clear. The students applied on a 
voluntary basis, but not all of them could be interviewed. The previous 
observations had given some knowledge about the reasoning capacity of the 
students, and I wanted to interview as many students as possible with 
varying levels of achievement.  

The design of the interview was semi-structured with groups of questions 
about themselves, the teaching, ecology, photosynthesis and respiration. The 
specific subject content was introduced by means of questions and material 
(branches of trees, potato, apple and carrot). During the interview, the 
students were challenged and guided in their reasoning and the interview 
guide (Table 4) was not strictly followed. Sometimes the manner and 
contribution of the students changed the focus of the interview, but I always 
tried to encourage them to finish what they had to say, so I could catch 
unexpected threads. To a large extent, the interview dealt with students’ 
knowledge about photosynthesis and respiration. 
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Three questions not mentioned in Table 4 originated with the students’ own 
thoughts about their learning, their textbook, their teachers, and about how 
my presence in the classroom affected teaching concluded the interview. 
This part of the interview was analysed, but only partly reported in the 
papers.  

Table 4. The interview guide.  

Question My aim 

Tell me something about yourself! Get to know and make them relax.  

Tell me something about the unit you 

just have finished. Do you remember 

anything in particular? 

To talk about the ecology unit by letting 

the students mention the science words, 

processes or concepts. 

Do you remember the space shuttle? If 

you were told to do it now, would you 

change your equipment and plans? 

To mention an actual part of the teaching 

like the space shuttle and to investigate 

their knowledge about that part. 

What do you think about 

photosynthesis? Is it important? Where 

is oxygen used? What is respiration?  

To make them start reasoning about 

photosynthesis and respiration.  

Branches of pine and spruce, a potato, 

a carrot and an apple were used. How 

does this become a pine, potato, etc.? 

What is it made up of? 

To see if they could use their knowledge 

about photosynthesis and respiration with 

a plant or a fruit in their hands.  

Analysis 

In paper 2, the observation notes describing the classroom context and the 
students’ reasoning during the work with the space shuttle task (Figure 2) 
were analysed. The topic content (ecology, social sciences and amusement) 
used in the students’ reasoning during the first lessons was analysed to see 
how much time they used on each topic.  

Three reasoning levels – the stock-building level, the consideration level and 
the foundation level – described by Brunner (1996) were used during 
students’ work with the space shuttle task to describe how they went from 
brain storming statements (first level) to the more evolved reasoning level 
where they tried to build a foundation pointing at a sustainable 
development. These reasoning levels described a learning process more than 
understanding of concepts. The first stock-building level was characterised 
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by students’ spontaneous brainstorming. The consideration level focused on 
why and if things were needed and in the last level the students built a 
foundation for a sustainable development on the space shuttle. 

 

 
Figure 3. The instruction of the space shuttle task. 

In paper 3, the ethnographic approach was even more expressed in the 
analysis. The students’ reasoning during the lessons, the teachers’ lecturing, 
students’ use of student-generated inquiry discussions and teachers’ use of 
guided discussions (cf. van Zee et al. 2001) were noted, categorised and 
interpreted The five key questions of Mortimer and Scott (2003), which 
organise how teachers make the scientific story available for their students, 
were used to analyse the teaching. Mortimer and Scott’s key questions 

The Space Shuttle   

As presented in the official report about the future, 96:43, and in media 

reports, the Earth’s limited resources have been overused by human 

beings. The UN has come to a resolution that the Universe’s 

possibilities must be explored to sustain a growing population. 

You and your group have been picked to follow a huge space shuttle that will travel for 

6000 years through the Universe to reach a planet with conditions for human life and 

large natural resources. This planet gradually will be colonized by people from Earth. 

Your task is to equip the shuttle and to plan what you need to take with you. You also 

have to plan life on board to make the expedition successful. The given conditions are 

listed below:  

• Infinite sun energy resources 

• No need to think about the operation and maintenance of the 
shuttle 

• You are only allowed to use currently known techniques 

• Only 100 people can stay on board at the same time. 
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organize the lesson from the purpose, content, communication, patterns of 
discourse and teacher intervention during the lesson. From this analysis, I 
wanted to catch the students’ questions and statements as well as the 
teachers’ attempts and possibilities to support the students. 

In paper 4, there was a strong focus on both the students’ written and oral 
reasoning about photosynthesis and respiration. From the analysis, I tried to 
report their knowledge and understanding. 

The written test 

The written test included 20 questions (Appendix B) and completed the 
ecology unit. I collected tests from 66 students and specifically scrutinised 
questions with photosynthesis and respiration content. The analysis was 
made when the tests had been scored, which gave me an opportunity to look 
at both the answers and the teachers’ scoring.  

Three essay questions (questions 9, 17 and 20, Appendix B) were more 
thoroughly analysed with three aims: (1) to examine the written reasoning of 
the 66 students; (2) to allow me to compare their reasoning with a large 
national evaluation (Swedish National Agency for Education) (3100 Swedish 
students in 1992 and 620 students in 2003); and (3) to compare them with 
23 interviewed students’ oral statements.  

Three answer categories were constructed: (1) correct, (2) not 
comprehensive, and (3) no or an irrelevant answers. An answer was 
categorised as correct when parts of the answer were not comprehensive but 
as a whole the answer was “correct”. Below is an example of one question 
and answer categorised as correct: 

 
A small tree is planted in a meadow. Twenty years later it has grown 

into a big tree. The tree has grown taller, the trunk has grown thicker. 

The tree has many leaves, branches and big roots. The tree weighs 250 

kilos more than when it was planted. Where do these 250 kilos come 

from? Explain your answer as fully as possible.  

Jonas: Carbon by means of taking in carbon dioxide and using the carbon to build up 

itself and then it gets nutrients from the soil that it also uses to build up itself. 

The three answer categories used were an amalgamation of the National 
Evaluation’s nine categories used on the essay question ‘Growing tree’ 
(question 9 appendix B) in 1992 and 2003 (cf. paper 4).  



 

 39 

The interviews 

The reasoning capacity of the students was continuously interpreted during 
the interview (Bogdan & Biklen 2003; Erickson 1986). This first analysis 
during the interview corresponds to Kvale’s (1996) first three steps in the 
analysis of qualitative interviews (pp.189-190). The real interpretation of the 
students’ reasoning (Kvale’s fourth step), started with the transcription of 
the audiotaped interviews. Directly after the transcription of each interview, 
the main issues were summarized and I commented the students’ skills. 

The analysis of the 23 audiotaped interviews consisted of at least a couple of 
month’s work withholding a full transcription of the interviews and a process 
of the categorisation and of the reasoning analysis. The reasoning types used 
were derived out of the students’ reasoning during the interview. The fully 
transcribed interviews were read through several times to unveil the 
meanings of the students’ reasoning. This eventually resulted in the defining 
of three types of reasoning representing the way students describe, explain 
and talk about ecology, photosynthesis and respiration. In the beginning, 
boys and girls were sorted in separate reasoning types; however, when more 
gender similarities than differences appeared in the analysis, I finally united 
them into three reasoning types: 

1. The ‘linking-together’ reasoning: The students mainly linked scientific 
concepts and words to form a whole description by using more everyday 
language rather than scientific language. 

2. The ‘memory’ reasoning: The students mainly presented their knowledge 
by using memorized formulations and correctly articulated scientific 
concepts. 

3. The ‘school-weary’ reasoning: The students mainly maintained they did 
not know anything and they said it was boring. 

In paper 4, chosen excerpts of five interviewed students present and 
demonstrate the three reasoning types used in the analysis. 

Methodological reflections, ethical aspects and my role as a 
researcher 

Why use different analysis methods in the articles? 

In paper 1, reasoning categories were used to describe different 
understanding levels occurring in students reasoning about photosynthesis. 



 

 40 

In paper 2, the reasoning categories were used to describe a learning process. 
In paper 4, the reasoning categories describe both the learning process and 
the understanding. It is possible that the reasoning categories used in the 
first article, especially Driver et al. (1996), could have been used to analyse 
the students’ reasoning in paper 4, but the analysing process used rendered 
another method. The transcript material from the 23 interviews, in paper 4, 
was large and when I went through the whole material a reasonable 
understanding of the students’ reasoning was better described with the used 
categories. 

Ethical discussion 

All students and their parents agreed to participate and approved of the 
project design (Appendix C; D). The ethical principles for research within the 
disciplines of Humanity and Society have been followed in both projects 
(The Swedish Research Council 2002). 

In the primary project I first asked the students and their parents for 
permission to be in the classrooms without a written permission. When I 
later understood that this was needed I sent them a second letter that they 
had to bring back to school (Appendix C). All students and their parents 
welcomed my presence in the classroom and in the second letter they 
approved my use of the collected data. 

In the secondary project I visited the three classes and did a small 
presentation of the project four months before the start of the project. At the 
same occasion, I gave the students a letter to take home to their parents 
(Appendix D). The students did not listen very closely to my presentation, 
but they did ask some questions that focused on whether they would be 
“compensated” for their participation, if they were forced to participate, etc. 
A couple of students said that they did not want to be in the project. When 
they had read the letter, most of the students commented on the videoing 
that was mentioned and the opposing students were against videoing in the 
classroom. The experiences from this visit made me think of other ways to 
observe the classroom that did not require videoing. 

In the letter, all students and their parents were asked to approve or 
disapprove the attendance of the researcher during the lessons: 24 of 70 
parents approved the project in the first round and a second letter had to be 
posted. In the end, I had to make a phone call to the parents of 29 students 
to find out if they had received the letter and if they would approve the study. 
Over the telephone all parents confirmed that they had received the letters, 
but they said they had forgotten to put it in the mailbox. 
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My role as a researcher 

Towards the teachers 

In both projects, the teachers were experienced professionals. Because they 
collaborated, they could support each other. Therefore, the lessons and 
teaching procedures in each project were similar in all the classes. The 
teachers’ willingness to co-operate and open up their classroom for me as a 
researcher was significant. In the primary project I asked a friend and she 
asked her colleagues. In the secondary project I contacted the school and one 
teacher, who had the interest of teaching photosynthesis, encouraged the 
other science teachers to take part in the project.   

Furthermore, I was careful to recognize the particular power imbalance that 
followed with my position as teacher educator and researcher in the school 
context. In both projects, I have tried to keep the teachers’ identities 
anonymous. At the end of the secondary school project, I asked the teachers 
if I could report about their actions and talk in the classroom; all the teachers 
agreed to this. I have not named the schools and teachers but I have 
sometimes used their veritable sexes in the text.  

When the observations in the secondary school project started, I was 
concerned about the teachers’ reactions to my presence. Would they think it 
would be unpleasant and bothering to have my note pad and me in their 
classrooms? The worries came out of my intention to interfere as little as 
possible during my observations. However, the teachers were always 
welcoming and did not show any worries. The first two weeks I could sit very 
much without being disturbed and according to the teachers the students 
(unfortunately from the teachers’ view) showed their usual way of acting in 
the classroom. After the presentation of the project in the beginning of the 
third week, the students became more aware of me and always said hello 
when we met. One week during the project, when I had stayed at the 
university, the teachers mentioned that the students had asked for me. 

The relation to the secondary teachers and the communication varied, but I 
usually left the school when the lessons had ended (cf. Garpelin 1997). At a 
couple of occasions, I stayed for a small follow-up talk together with the 
teacher who taught in the troublesome class. Furthermore, I greatly 
appreciated that all teachers expressed their interest in reading the thesis in 
the future and saw my research as relevant.  
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Looking back on the particular relation to the teachers, in both projects, I 
can see that my professional teacher experience was definitely of importance 
for my understanding of the teaching that the involved teachers were in. 

Towards the students 

In the secondary school project, it was important to emphasize my role in the 
classroom as a researcher and not as a teacher. Nevertheless, it was 
impossible to not answer some questions, but I always tried to direct the 
students to ask the teacher in the classroom. In this project more than in the 
primary school project, students questioned my presence. It was the 
questioning in the beginning of the project that made me abandon the 
videoing and to reintroduce the project in the third week. The late project 
introduction gave the students a possibility to voice their own opinion about 
my presence in their classroom before I told them about my plans and 
purpose of the research. In my relation to the students I was careful to 
recognize the particular power imbalance that followed with my position as 
teacher educator, researcher but also as an adult. If the students after the 
introduction in the beginning of the third week had told me they did not 
accept my presence in their lessons, I would have been forced to give up this 
part of my research. On the contrary, there was no declared scepticism to my 
attendance in the classroom in the primary school project. The students saw 
me as a teacher and researcher who knew a lot about plants and 
photosynthesis and they seemed excited about my presence in the classroom. 
In the primary project the students welcomed me and were interested in my 
research from the first day. In the secondary project the students got 
interested after a couple of weeks. 

All students in both projects are presented with fictitious names in all 
papers. Even when a student was described more thoroughly, the ambition 
was to insure anonymity (The Swedish Research Council 2002). In many of 
the presented excerpts in the thesis, the reasoning in the group was the only 
interest and the reasoning of individual students was not followed. All 
excerpts in the thesis are translated from Swedish and spoken language has 
been replaced with written language. An excerpt where three students 
observed and discussed garden cress could look like this: 

S1 (student 1): ... try this 

S2: ... no, we want to look at this first 

S1: ... but try this, this is really something! 

S3: Wow, look at this… 
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S1: … try this, this is really fun! 

S2: … what a bad smell 

S3: I want to look at this instead (looking through a magnifier). It looks like popcorn 

… 

S1: Does it? 

S3: Yeeeah, but not like … 

S2: It smells! Try this one! Have a smell? … (reacts to the smell of the garden cress)  

S1: Do you want to smell? It’s free … It’s food! 

S3: I will taste it! 

S1: Everything that smells doesn’t need to taste good. 

In the secondary project, I would probably have received a better result with 
my audiotaping of the students discussions at the plant tasks if I had 
acclimatized the students to the tape recorders. According to Garpelin 
(1997), the students only need a couple of day’s recordings before they forget 
the recording machines.  

Towards myself 

My role in the primary school project as a teacher, in-service teacher and 
researcher was easier for me to handle than the role as only a researcher in 
the secondary school project. In the primary project, I felt useful because I 
”served” the teachers with some new teaching materials. In the secondary 
school project, I was a researcher and felt as if I only “used” the teachers’ 
practice. In the evaluation, the teachers in both projects were satisfied with 
my attendance during the lessons. The explanation for my feeling as more 
unaccustomed with the role of the researcher than the teacher, could be 
explained because I was a novice researcher and an experienced teacher. 

Is there a possibility to generalize? 

Larsson (2005) discusses how well implemented qualitative studies can 
affect the way people think. An effective qualitative study captures and 
mediates a segment of life, which convinces the reader. Stake (1986), 
according to Larsson, calls this influence a “naturalistic generalisation” 
criterion: an unerring description that makes the phenomenon useful 
outside its own context. My expectations are that my results will be 
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recognized by working teachers in the field and compared to and used in 
other research studies. This is the generalization perspective given from the 
thesis.  
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Results 

Students’ reasoning and understanding 

The primary project in paper 1 and the secondary project in paper 4 focus on 
students’ reasoning. The students’ reasoning was analysed to describe their 
understanding of photosynthesis and other related concepts such as 
respiration and germination. 

The primary project 

During the primary project, the students’ level of interest was high when 
they worked with the plant tasks (Appendix A) and the students were 
actively engaged in the tasks. Although there was little use of scientific 
language in their informal discussions, their questions showed that scientific 
interest was stimulated by their new experiences.  

By analysing the students’ struggle with new words and concepts, their 
elaboration of new knowledge about plant physiology could be described. 
The students’ enthusiasm and curiosity generally lengthened their group 
discussions. For example, while they were discussing the visible garden cress 
and seeds, they asked several questions that generally lengthened their 
group discussions. These questions reflected their enthusiasm: When do they 
germinate? When are they fully germinated? Do they need light to 
germinate? The students wanted to know more and they explained and tried 
to convince one another of their explanations in the group. During these 
discussions, they observed, used their senses, described and explained and 
asked their peers and teachers questions. They used both phenomenon-
based and relation-based reasoning perspectives. 

An everyday word such as water was troublesome in the school context when 
the plant tasks were discussed. The students’ discussions often reflected their 
confusion. For example they would use the words such as “mist”, “steam”, 
“fog”, “sweat” and “warm exhaled air” rather than just “water”, failing to 
understand that these words merely describe water in gas phase. For the 
students, mist also could be oxygen, carbon dioxide, water, steam, or air that 
in fact were not incorrect since exhaled air contains all these compounds and 
water in a gaseous phase. The students’ questions and explanations from the 
whole data collection were mostly categorised as relation-based, an approach 
that exemplified their struggle with the concepts. These types of questions 
and explanations are characteristic of reasoning where the students want to 
understand.  
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In every task, the students were told to answer some questions and write 
their questions and thoughts in their notebooks. The written work made the 
students focus and in all the groups the students discussed what they should 
write. They wrote these details in their own notebook. During their work 
with the plant tasks, the students used more scientific language in their 
written descriptions and explanations than in their oral discussions. In their 
writing they tried to use the new scientific words, which were presented to 
them during the tasks. The students were not familiar with the words, but 
they used logical reasoning and related new words and concepts to what they 
already knew; i.e., they used relation-based reasoning. The following excerpt 
shows a 6th grade students’ written work after observing chloroplasts in the 
plant cell. In his written reasoning, he uses a blood cell as a scientific model 
to describe the chloroplasts movement in a plant cell: 

There are small plates put together in a big leaf and on the edges; there are 

thorns/jags and you see small transparent dots moving like blood cells on a highway 

back and forward. 

The tasks about stomata and cells became important links between the 
plants and the invisible process of photosynthesis. The following quotation 
comes from a student who had put her hand in a transparent bag: There 
must be stomata in my skin that lets water out. She made a comparison 
with the plants’ stomata that she had come across three weeks earlier. This 
10-year-old girl was really astonished at the reaction of her hand in a 
transparent plastic bag. She applied her knowledge; she learned from the 
first week and made a model for her explanation of the water coming out of 
her skin. Her reasoning connected new experiences with scientific processes 
that she understood. The 10-year-old girl used all three reasoning 
perspectives: phenomenon-, relation- and model-based. During the plant 
tasks, the students 10-12-year-old developed understanding for complicated 
processes in natural science such as photosynthesis. In the interviews six 
months later, the reasoning of the students still showed understanding of 
photosynthesis. During the interviews, the students used the three reasoning 
perspectives in their explanations. They used different explanations and with 
some guidance from me, all the pieces easily could be put together. The 
language was not scientifically correct, but the students attempted to 
understand and partly understood difficult scientific processes.  

The secondary project 

In the secondary project, paper 4 describes the students’ answers on their 
final written ecology test and their reasoning as expressed during a guided 
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interview. The pre-test presented below is only reported in this first part of 
the thesis. 

Written answers 

In a pre-test and in the final ecology test (post-test), the students answered 
three essay questions (Appendix B) dealing with photosynthesis (the growing 
tree) and carbon recycling (the polar bear and the terrarium). The 
comparison of pre- and post-test of the growing tree and the polar bear 
question is shown in Table 5. The pre-test was accomplished in the third 
week just before the ecology and photosynthesis/respiration lessons started 
and the post-test questions were included in the final ecology test. 

Table 5. The 59 students’ pre-test and 66 students’ post-test answers in 
two essay questions (9 and 17 in Appendix B). 

Category The growing tree 

 pre- and post-test 

The polar bear  pre- 

and post-test 

Correct 22%; 59% 16%; 34% 

Not comprehensive 56%; 29% 25%; 24% 

No or irrelevant answer 22%; 12% 59%; 42% 

In the growing tree question, the students showed a prominent improvement 
after teaching with an increase from 22 % to 59 % in the correct category. 
The polar bear question did not produce the same increase, but the increase 
was evident (from 16 % to 34 %). In the not comprehensive category, there 
was a sharp decrease in the growing tree question, whereas the polar bear 
question did not alter. In the post-test about the polar bear, 42 % of the 
students were categorised in the no answer or irrelevant answer category, 
whereas the results in the same category for both the growing tree and the 
terrarium questions were about 10 % (cf. paper 4). The figures indicate that 
the teaching gave the students better knowledge about both photosynthesis 
and respiration, but the respiration (polar bear) question was more difficult 
to explain or understand. 

In the post-test, the answers in the growing tree and the terrarium questions 
were better formulated than in the polar bear question. There were more 
than three times as many students that had no or an irrelevant answer in the 
polar bear question compared to the other two questions. 59% of the growing 
tree questions were answered correctly; only 34% of the polar bear questions 
were answered correctly. 
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The students’ answers to the growing tree question (in both pre- and post-
test) differed substantially from the results of the National Evaluation (NE). 
The correct answer category was three to four times higher in the pre-test 
and seven to ten times higher in the post-test compared to the results of the 
same question on the NE (cf. paper 4). 

Oral reasoning 

The students’ oral reasoning during the interview was described as linking-
together reasoning, memory reasoning, and school-weary reasoning. Eleven 
students mostly used linking-together reasoning, eight used school-weary 
reasoning and four students mostly used memory reasoning. Only four of 23 
students used one reasoning type.  

For example, Timon used all three reasoning types. Often using correct 
descriptions or explanations of words and concepts (memory reasoning), he 
connected the concepts with other concepts or with the environment 
(linking-together reasoning), but he also often answered a question in the 
interview with “I don’t know” and he only answered when he wanted to 
(school-weary reasoning). Many of the students who used school-weary 
reasoning required strategies to keep them focused during the interview. 
Timon was restless and in the interview he was bored after five minutes. His 
fast and often correct answers made his only 15-minute long interview 
substantial. Timon used a very structured linking-together reasoning. The 
students who used linking together reasoning mostly used more speculations 
and every-day language. More complex reasoning in the interview made both 
high and low achieving students more interested, i.e., a formula interested a 
few students, but the more complex explanation about how a carrot, potato, 
or an apple “comes out of” photosynthesis interested all 23 teenagers. In the 
guided interview, many students showed an understanding of 
photosynthesis and respiration. 

Written answers and oral reasoning 

Figure 4 shows how the three reasoning types were used by the 23 
interviewed students. Each student is categorised according to final test 
(Appendix B) results and to the most dominating oral reasoning type. The 
arrows mark the other types of oral reasoning that the students used. The 
boys are marked with a square and a Y and the girls are marked with a circle 
and a X. For example, Timon, the only student named in the table, used 
mostly linking-together reasoning and he received a passing grade. His use 
of both memory and school-weary reasoning are marked with two arrows. 
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The figure shows the diversity of the reasoning types used by the interviewed 
students. 

 
Figure 4. The 23 students use of the reasoning types and their test grades. 

The students often used two reasoning types during the interview. All 
students who used school-weary reasoning also used either linking-together 
or memory reasoning. Only one of the school-weary students passed the test. 
Students who used linking-together reasoning often showed better 
understanding during the interview than in test. These students tried to put 
everything in a context and they wanted to explain everything. This strategy 
often made them speculate and develop their own theories, a strategy that 
was not successful when taking the test. The students who used linking-
together reasoning and succeeded well in the test reasoned sparingly and did 
not speculate. Some students, who used memory reasoning, scored high and 
could give correct definitions, showed surprising gaps when they tried to 
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explain the consistency of concepts. School-weary students who used 
memory reasoning succeeded better than those who used their own 
explanations and made efforts to link together ideas. The students revealed 
much more understanding about photosynthesis and respiration during the 
interviews than in the written test. 

All 23 interviewed students managed to explain the process of how 
photosynthesis works, but many of them needed some guidance to explain 
the process of respiration. Half of all interviewed students claimed that 
science is boring and all but one of those students used linking-together and 
school-weary reasoning. 

A comparison of the primary and secondary students’ 
reasoning and understanding 

Focusing on students’ reasoning and understanding of photosynthesis, the 
design of the interviews was the same in the primary and the secondary 
project. In the primary project, the language used during the interviews was 
not scientifically correct, but the students tried to explain and elaborate on 
the scientific processes. This reasoning corresponds to the secondary 
students’ linking-together reasoning. The primary students reasoning and 
understanding about photosynthesis showed the same knowledge level as 
most of the secondary students. This finding is noteworthy since the 
interview of the primary students was delayed by six months. More 
possibilities than difficulties for understanding photosynthesis appeared in 
both projects. 

The plant tasks encouraged the primary students to use reasoning with 
scientific content and their interest in finding out more about plants was 
clear. The secondary students did not show the same interest during the 
lessons with the plant tasks, but in the interview they were interested when 
concrete material was used to describe photosynthesis. Even so, many of the 
secondary students in the interview mentioned the plant task lessons as one 
of the lessons they remembered and had learned new things from. Stomata 
are important to see using a microscope. In both projects, when 
photosynthesis and respiration were explained, the students’ reasoning was 
helped by their knowledge about the stomata. The students had many 
different meanings for the words/concepts used in photosynthesis and 
respiration, such as carbohydrates, which they described as a sugar, as a 
fibre, as fast or slow, and as healthy or unhealthy. 

Only a small part of the secondary students’ understanding about 
photosynthesis and respiration was demonstrated in the written test 
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compared to the understanding presented in their reasoning during the 
interview. In the primary project, the students’ vivid and broad oral 
discussions showed an ongoing understanding process that dwindled 
substantially in their focused and logical structured written statements. 

Learning processes during group-work and lecturing 

Paper 2 and paper 3 focused on observed classroom activities during ecology 
lessons, specifically the ecology content. Students’ reasoning during group 
work and their interactions with each other and the teachers were analysed. 

The Space Shuttle: an inquiry-based ecology introduction task 

Complex problems in teaching and learning situations appeared during the 
work with the inquiry-based space shuttle task in the classrooms. The 
working atmosphere ranged from noisy to calm. Students’ curiosity, level of 
attainment and interest resulted in their use of three levels of reasoning (the 
stock-building, the consideration, and the last foundation-building) in the 
first 40 minutes of their work. That is, after one 40-minute lesson their 
learning process about complexity in ecosystems could not get more input 
from themselves. The task required the students to use their knowledge and 
enticed them into ecological thinking and reasoning although little 
improvement in their conceptual knowledge was evident.  

During the first lesson, some of the students used reasoning about 
populations and ecosystems; however because there was too little guidance 
from the teacher or the literature, the students were stuck and changed the 
subject. The complexity of life on earth became apparent, but this realization 
did not make the students doubt their own capacity to solve the problem. 
There were no such doubts in any of the classes. The students were 
interested, worked fast, and used shallow and broad-based content 
knowledge in both ecology and social sciences.  
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Table 6. The first lessons statements in the different categories and 
minutes used on the task. 

Class Ecology

% 

Social 

science % 

Amuse-

ment % 

Statem.  n 

(tot) 

Time 

used 

Lessons 

length 

8H 63 23 14 65 55’ 65’ 

8F 39 19 42 59 15’ 50’ 

8G 43 22 35 43 30’ 60’ 

8G, F & 

H 

49 21 30 167 33’ 58’ 

In the discussions, ecological topics such as plants, water, and environment 
dominated (49%). Fewer statements (21%) focussed on social topics such as 
housing, drainage, and libraries. Topics such as sports, clothing, and music 
could be found in 30% of the statements (Table 6). 

Class 8H showed the longest time-on-task and the percentage of their 
ecology statements was more substantial than in the other classes. Their 
population discussions were well articulated, clearly considered, and the 
students formulated how they could “build a foundation” for future 
generations. The statements made in class 8H indicate that a lengthy 
amount of time (at least 40 minutes), is needed to deepen the reasoning.  

The four lessons devoted to the task did not develop the groups’ reasoning 
about the content knowledge involved in the ecological content. Because the 
teachers mostly had to take care of disruptive students, they did not have 
time to listen and to support the students who wanted to learn. If the 
classroom atmosphere had allowed the teachers to listen to their students’ 
reasoning during the first lesson, they would have understood the need for 
assistance. The students’ previous knowledge was underestimated and the 
demands and challenges were too small. Students’ statements showed that 
they were able to pose questions and to put everyday-knowledge and 
scientific concepts together in different explanations and thoughts. The 
statements also indicated that individual students helped each other to 
improve their understanding. Below are some examples of comments that 
were given during the last lessons with the space shuttle: 
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S1: We need some kind of machine to transform carbon dioxide to oxygen. 

S2: You mean like a tree then? 

….. 

S4: Water is needed to make oxygen and then… the water will run out! ... when it 

transforms into oxygen. 

According to the interviews, the students did not see the space shuttle as an 
ecology task, because of the lack of connection to the following ecology 
lessons. Although the students were satisfied with their work, the teachers 
were not.  

Teaching ecology 

Paper 3 looks at lectures, demonstrations of practical tasks, group work, and 
students’ work with a practical task. In the following presentation, the 
teaching and interactions will be presented from these teaching activities: 
lectures and recitations, student-generated inquiry discussions, and teaching 
with practical tasks. 

During lessons when the teachers tried to develop the scientific story it 
looked like this: 

T: Do you remember something about the photosynthesis? 

S1: It produces oxygen. 

S2: Grape sugar. 

T: Where is it happening? The photosynthesis? 

S3: I do not understand! Why is the photosynthesis needed? There is air out there! 

S2: It is because you breathe in air, but you do not breathe it out. 

S3: Oh, yes, but we breathe out air and we breathe in carbon dioxide too! 

S1: Is not oxygen needed to produce air? 

S1: The carbon dioxide is not poisonous or… because we breathe in carbon dioxide all 

the time. Teacher! What is the chemical formula for laughing gas? 

Because the teacher above took no notice of these students’ arguments and 
wondering questions, he failed to address diversity of students’ ideas even 
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though the students made many observations and had many questions. In 
another lesson about population ecology, instructed in the same way, the 
teacher had an opportunity to connect to the inquiry-based space shuttle 
task, but no connections were made. 

The teacher did monitor and listen to the students’ arguments during the 
half-class lessons conducted once a week. The patterns of interaction during 
those lessons developed a classroom discourse that significantly differed 
from the whole-class lessons. The students recognised when there were 
opportunities to initiate interesting discussions and learn more. From the 
interviews, I know that the students saw both teachers as very competent.  

The work with textbooks and the end-of-the-chapter questions that the 
students were instructed to do always ended up in parts of the lessons with 
some piece and quiet. During these group discussions, the students could 
debate and use both wrong and right scientific words and theories in the 
classroom setting. They constructed knowledge by asking, explaining, and 
doing; they participated in inquiry discussions. There were always students 
that disturbed other students, but many of the students seemed to have the 
talent to disengage and to concentrate. 

Both teachers used practical tasks in their teaching both as demonstrations 
and students’ group work. In one demonstration, a teacher picked a tuft of 
grass and put it in a beaker sealed with a cling film and tape. The teacher 
asked the students what they thought would happen in the beaker after ten 
weeks if the plant had moist soil and sunlight. The following response to the 
question was not unusual during the instructions: 

S1: Can we finish the lesson earlier today? 

T: No! 

S1: You are not kind! 

In another cultivation task, the students were asked to do a practical task 
and the teacher instructed them: 

T: Listen! Take a pot and some soil in it. Then plant a couple of wheat seeds and put a 

plastic film over it. Then put one pot in light and the other in darkness. Next lesson 

we will look at the results. 

The laboratory work with seeds and plants gave rise to practical work, but no 
wonderment questions were asked. The sound level in the classroom was 
high: how it was possible to work in this noise was really hard to understand.  
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In the following demonstration the teacher showed the students the results 
of the cultivation of wheat in darkness and in daylight. The darkness plants 
were higher and lankier than the ones from the daylight. They were also 
paler, more yellow than green. 

T: Why have they become taller? 

S3: The plant strives towards the light.  

S4: In the darkness there is no photosynthesis and no chlorophyll... 

S5: Nutrition… in the seeds.  

S4: It is nutrition in everything that we eat, isn’t it? 

S6: The nutrition is taken from the soil. 

S3: Teacher, please tell Daniel to stop! 

At this moment, the teacher wanted to address diversity of students’ ideas, 
but she had to stop Daniel’s fussing and then, quite suddenly and 
unexpectedly, the lesson was out of her hand because of all the disruptive 
behaviour in the classroom. 

The unacceptably high noise level and often lack of respect for the teachers 
and classmates did not seem to make the students uncomfortable. The 
teacher, unbelievably patient, strolled around in the classroom and helped 
the students answer questions. The students seemed to be happy during the 
lessons. The teachers seemed powerless against the students’ disruptions. 
The teachers were not allowed to tell the disruptive students to leave the 
classroom; if they did, the students could make more damage in the 
corridors than inside the classroom. 

The early morning lesson showed a totally different pattern of interaction. 
During these lessons, all students were calm and listening and showed each 
other respect and caring. Wonderment questions were posited and the 
teacher could develop the scientific story and make it available for the 
students. During these lessons, the teacher managed to finish a guided 
discussion. When the students worked with group tasks, they used student-
generated inquiry discussions. These lessons partly explained how the 
teacher managed to be patient and supportive during the other lessons.  

The learning process during the ecology lessons 

From the questions and statements in paper 2 and 3 it was obvious that the 
students from the start were interested in learning more about the ecology 



 

 56 

content. The students did not ask questions with the same ecology content as 
in the textbooks, but their reasoning was suited for an inquiry-based task 
like the space shuttle where they could connect ecological concepts to issues 
in the society and social sciences. Their questioning during the lectures 
showed their wonderment and interest for ecology from a broader view than 
the content and the questions presented by the teachers and the textbooks. 
The teachers did not have a possibility to listen to the students’ reasoning 
and therefore the students’ knowledge was underestimated and their interest 
faded away. The large classes and the energy the teachers used to deal with 
disruptive students stole too much time from the teachers’ management in 
the classroom. 
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Discussion 

My research interest is to see to what extent biology teaching can develop 
students’ understanding of photosynthesis and respiration and to see how 
students demonstrate their understanding in both written statements and in 
guided interviews. In this discussion, I will start with students’ reasoning 
and understanding and then follow up with students’ learning opportunities 
and teachers’ teaching possibilities. I provide some conclusions. The 
discussion of the methods is described in methodological reflections. 

Plant tasks, reasoning and understanding 

The designed plant tasks (Appendix A) that the students worked with 
encouraged the students to observe, reflect, and discuss plant material. Their 
questions and explanations about physiology and functions showed both 
their knowledge and interest in photosynthesis.  

The primary students were fascinated, e.g., by the germination process, a 
fascination that was reflected in the following questions: What is 
germination? When do they [seeds] start to germinate? The seed and garden 
cress tasks, where the students recognized what they investigated and where 
they could feel, smell, and see, prompted the students to ask the most 
questions. The students were not used to the microscopes, but they had no 
problems using them. The tasks with new equipment and the new content, 
such as stomata and cells, generated fewer wonderment questions. Even so 
the microscope helped the students visualize plant cells and stomata and by 
this the students could link the invisible gases to visible matter in the plant. 
The questions that followed each task guided students’ reasoning to new 
thinking and, as other studies have shown, primary school students are 
capable of developing an understanding of difficult scientific processes and 
phenomena such as the solar system, gravitation, and photosynthesis 
(Gallas, 1995; Nilsson, 2005; Tytler & Peterson, 2003; Vikström, 2005). 

The plant cells helped both secondary and primary students describe the 
transport of gases and understand that carbon dioxide is used in 
photosynthesis. Carlsson (2002; 2003) described how the concepts of atoms 
and molecules, changes of phase, and transformation connected to 
photosynthesis were difficult to grasp for the students and she stated that 
successful teaching focused on such concepts. I will argue that when stomata 
and plant cells are visualized, it is not necessary to have the knowledge about 
the above-mentioned concepts before students can grasp the photosynthesis 
process. It is also possible that the student will become interested in learning 
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more about the molecules when a plant and its stomata are made visible. The 
plant tasks gave the students empirical references to plants’ structures and 
functional processes and in accordance with Canal (1999) the students by 
this were able to learn about photosynthesis in a useful way. The plant tasks 
used in this study developed the understanding of photosynthesis.   

The secondary school students did not express any interest for the plant 
tasks during the lessons. There were no vivid discussions and wonderment 
questions during their work. But in the interviews, six to eight weeks after 
the tasks were accomplished, almost all students mentioned the stomata 
when they were explaining the processes of photosynthesis and respiration. 
They also pointed out the lessons with practical work and group discussions 
as occasions when they had learned new things.      

Photosynthesis and respiration knowledge 

In the interviews with the students, I wanted to find out more about their 
understanding and knowledge. Focusing on students’ reasoning and 
understanding of photosynthesis, the design of the interviews was the same 
in the primary and the secondary school project. Carrots, potatoes, apples 
and branches from spruce and pine trees were used to concretize 
photosynthesis and plants’ life cycles. The complex reasoning that appeared 
when a student, for example, tried to explain how an apple seed becomes an 
apple and how this connects to photosynthesis interested both high and low 
achieving students, findings that were uncovered during the interviews. The 
secondary students often first hesitated (e.g., “I do not remember this from 
any lesson”), but when they understood that it was sufficient to explain what 
they knew with every-day language and using their own experiences, they 
surpassed their own knowledge expectations. An “aha” reaction and a true 
satisfaction appeared when they realised that photosynthesis and respiration 
were something else than a formula. This corresponds to Delpech’s (2002) 
work. He asked for more practical fieldwork and wanted to allow more 
flexibility in the students’ answers. If we do not allow this flexibility, we 
prevent the students’ reasoning. In my interviews, a formula interested a few 
students, but the more complex explanation by using an apple or potato 
interested all of the interviewed students. The low achieving secondary 
students were more interested in emotional aspects such as ethical and 
practical dilemmas in the teaching; they seemed to find these types of 
questions more interesting, a finding that is similar to what Slingsby and 
Barker (2003) discovered: They claimed that biology teaching needs to equip 
the students with ethical and emotional aspects so they can practice both 
social and scientific skills.  
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The primary students’ reasoning and understanding of photosynthesis 
showed the same level of knowledge as most of the secondary students. This 
finding is noteworthy both from the difference in age and from the fact that 
the primary students’ interview was delayed by six months. According to 
Rivard and Straw (2000), writing together with group discussion is 
successful when a teacher wants to enhance retention of science learning 
over time. Perhaps, one of reason why the primary students remembered so 
much six months after they had been taught was due to the teaching design 
where both oral reasoning and writing in their notebooks were included. 

There were also some surprising findings from the comparison between 
interviews and test results in the secondary project. I met students who 
showed good memory and high grades in the test, but surprising gaps in 
understanding when they had to explain the formulas orally and put them in 
a context. There were also students who had succeeded quite well in the test 
but remembered almost nothing in the interview two or three weeks later. 
The students’ tried to put everything in a context and wanted to explain 
everything, often with some theories of their own. They showed most 
knowledge in the interview, but not always on test. The different knowledge 
standard showed in tests and interviews corresponds with the results from 
Schoultz, Säljö and Wyndham (2001). They emphasised the importance of 
the communicative format. The traditional test situation in schools does not 
include the presence of a conversational partner and without that, the text of 
the problem can, for example, be difficult for the students to understand. 
The conversational partner can also help the students resolve difficulties of a 
conceptual nature. Schoultz et al. concluded that the low performance on 
written tests appears to be a product of the absence of the communicative 
format.  

In the secondary project, both oral and written reasoning confirmed 
substantial learning; the students demonstrated more knowledge of 
photosynthesis and respiration after teaching. The students’ written 
explanations of photosynthesis were better than expected and at least four 
times better than in the National Evaluation (NE). Earlier studies show that 
students at almost all school levels have difficulties understanding 
photosynthesis and respiration. However, international evaluations such as 
NE, TIMSS, and PISA present students’ understanding of photosynthesis 
and respiration without any connection to teaching and the classroom 
context. I was not surprised when the results from the latest science-PISA 
evaluation (2006) of the Swedish students were presented. The Swedish 
students’ level of knowledge had once more decreased in comparison with 
the other OECD countries. In Sweden, the 15-year old students are not used 
to sitting in an assembly hall for three hours and taking written test. The 



 

 60 

questions and problems presented in the PISA-evaluation are well-made 
with a relevant content for the students and it is unfortunate, but not 
surprising, that the Swedish students do not make a real effort to do their 
best. 

The written tests in this study were accomplished in the students’ usual 
classrooms and all tests except the pre-test in secondary school were given 
after teaching. The better result on this test than in the National Evaluation 
was not surprising. Even so, the analysis of the written and oral reasoning in 
the secondary project showed that only a small part of the students’ 
understanding about photosynthesis and respiration was demonstrated on 
the written test.  

Teaching possibilities and learning opportunities  

In the primary project the teachers and students were not used to the 
equipment that I brought to their classrooms. It was not easy to find suitable 
places for the equipment, such as microscopes and magnifiers, in the 
ordinary classrooms. However, the possibility to accomplish these teaching 
sessions in this context far surpassed the problems. These plant tasks were 
easy to prepare and work with in an ordinary classroom. A well-functioning 
microscope in every classroom would be one step closer to a better 
understanding of photosynthesis and thereby a better ecological 
understanding. 

According to Osborne and Simon (1996), the teachers’ ability to question and 
respond to the students’ questions correlated to the students’ ability to 
understand. The teachers need scientific content knowledge to teach 
effectively; it is not enough to merely have pedagogical knowledge and an 
interest in teaching science (ibid.). The teachers in the primary project were 
not science teachers and one of the teachers expressed some anxiety about 
this. However, they were excellent supervisors for the students in their work 
with the tasks. It was partly because of them that the students’ audiotaped 
discussions were so vivid and open-minded. This finding agrees with Van 
Zee et al. (2001) who together with a group of collaborating educators from 
elementary school, high school and college faculty tried to implement guided 
discussions, student-generated inquiry discussion, and peer collaboration. 
Their research showed that the teachers needed to exert themselves, not to 
intervene, and to know when to intervene in the students’ work with inquiry-
based tasks. The teaching methods used by van Zee et al. (2001), at the first 
glance at least, felt like a failure for the teachers when they did not intervene 
when students inaccurately described scientific knowledge. The students’ 
self-reliance in their argumentation were evolved and showed the necessity 
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in using the method. The primary teachers in my study did not use this 
method, but their action during the lessons gave the students a possibility to 
argue about scientific ideas and by this the students started to construct 
knowledge with one another by asking, explaining, and doing. To deepen the 
students’ knowledge, teacher interventions are necessary (van Zee, 2000) 
and in the primary project the tasks, questions, and myself structured the 
discussions during the project and the lessons. A qualified biology teacher 
can listen to and understand the students’ questions as well as inspire and 
use different metaphors to help the students learn concepts such as 
photosynthesis, respiration, ecosystems, etc. (Harlen, 2001; Magntorn, 
2007; Osborne & Simon, 1996; van Zee et al., 2001; Vikström, 2008).  

In the secondary project with two science teachers, I used an ethnographic 
approach and observed their ecology lessons when they taught three 8th 
grade classes for ten weeks. For two of the ten weeks, the students worked 
with the inquiry-based space shuttle task. This task required the students to 
use their knowledge and enticed them into ecological thinking and 
reasoning. Students’ curiosity, level of attainment, and interest made them 
use reasoning that indicated that a learning process about the complexity of 
ecosystems had started. Their reasoning about what is important in life and 
how their lives depend on nature, without using any troublesome and 
difficult ecological concepts, showed interest in knowing more about the 
ecological processes that affected them. However, little improvement in 
concept knowledge and understanding were achieved during the following 
four lessons. One problem was that the teachers did not hear the students’ 
reasoning during the first lesson. The working atmosphere in the classroom 
was noisy and the teachers had to take care of disruptive students and did 
not have time to listen and guide them. If the classroom atmosphere had 
allowed the teachers to listen to their students’ knowledge during the first 
lesson, they would have understood the students needed assistance and help 
in looking for more and new information. The teachers could then also have 
understood the need for taking care of the students’ wonderment questions. 
The findings show the complex problems in teaching and learning situations 
that appear during inquiry-based work in a classroom environment.  

During the teachers’ lectures, the students verbalized their thoughts and 
questions loudly. It seemed as if the energetic classroom discourse made the 
students speak up and ask more questions, a finding that has not been 
identified to such a degree by other studies (Chin, 2002; Dillon, 1988). 
Chin’s questions and statements with respect to wondering were common 
during the teachers’ instructions and during the students’ group work, 
suggesting that a learning process had started. Unfortunately, the 
disciplinary problems, particularly in the afternoon lessons, made it 
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impossible for the teachers to follow up on the students’ questions and 
statements. 

When the teachers in the study told the students to work with the end-of-
chapter-questions, the students calmed down. During these parts of the 
lessons, the communication in the classroom was often student-generated 
and collaborative. The teacher intervention was small and the teachers’ 
introductions to the tasks were short. However, the teachers did not monitor 
the students from afar as a carefully prepared teaching method (cf. van Zee, 
2000; 2001). The reason why they did not intervene was mostly because the 
students did not listen and because they had to take care of disruptive 
students during the group work. However, it was obvious that students’ work 
with the end-of-chapter questions was a learning opportunity for the 
students. One important finding in my study was that, although the teacher 
showed skills in monitoring and listening to the students’ argumentations 
when they had half-class lessons (10 to 15 fifteen students), they did not 
manage the whole class lessons (20 to 30 students) in the same successful 
way. 

New ways of teaching ecology are needed since teenagers don’t find concepts 
such as food webs interesting (Barker & Slingsby, 1998; Delpech, 2002; 
Driver et al., 1994; Feinsinger Margutti & Oviedo 1997) and inquiry-based 
teaching is suggested to increase the interest in science (European 
commission’s expert group in science education, 2007). The teachers in the 
study and teachers in general need training in how to encourage students to 
use argumentation during group discussions (Crawford, 2007; Simon, 
Erduran & Osborne, 2006; Simon & Johnson, 2008). Such education is 
needed together with time for implementation of such training (ibid.).  

Millar and Osborne (2009) discuss the complex relation between research 
and practice. According to them, the teachers’ professional knowledge 
includes knowledge of the subject, subject pedagogy and knowledge about 
curriculum and materials. The professional knowledge also includes 
knowledge about learning, school context and the learners. Millar and 
Osborne state that these aspects need to be considered in addition to 
adopting research findings. Ødegaard (2008) described the teachers’ work in 
secondary school as “Love and Duty”. She believed there is no reason to use 
student-generated inquiry-based methods and discussions in science 
teaching if the teachers do not first see and take care of their students’ mood 
and thoughts on a daily basis. Our teachers exhibited significant patience 
and love for their students. Some days they met curious and interested 
students, but other days the students were tired and hungry and did not 
want to work. 
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Crawford’s (2000; 2007) and Kelly’s (2007) concerns that educational 
researchers need to study teaching and learning in the classroom context are 
even more obvious from the findings in this study. Otherwise, it can be hard 
for educational researchers to understand why the teachers in the schools 
sometimes do not understand the talk about implementation of inquiry-
based methods, reflection, learning process, learning progression, etc. 
intended to be used in the classroom. 

Conclusions 

The plant tasks used in this study made photosynthesis interesting and 
understandable. The tasks also invited the use of discussions, investigations 
and laboratory work. The primary school students were more interested in 
plants tasks and they worked harder. 

In the interviews, the students’ understanding of the processes of 
photosynthesis and respiration were similar for both primary and secondary 
school students. If the students are given the opportunity to reason with 
their teachers and classmates, using fewer formulas, and, when using 
formulas, connecting them to concrete material, such as branches and fruits, 
they will develop understanding.  

Learning and understanding photosynthesis and respiration is not a 
significant problem as concluded from large surveys when students’ 
knowledge is checked in connection to teaching and the classroom context.  

During inquiry-based work and lectures, the previous knowledge of the 
secondary students was underestimated and the demands and challenges 
were too small; therefore, the students were bored and used the time to 
discuss things other than ecology content. 

The teachers have everyday cares that educational researchers, politicians 
and parents would benefit from knowing more about. In the classroom 
context, teachers daily manage to instruct groups of 20 to 30 students who 
are curious, bored – lazy, disruptive – polite, mean – kind, happy – sad, 
satisfied – hungry, overly satiated, etc., by using pedagogical tools and 
equipment that often are out-dated. If more people had a possibility to visit 
the classrooms, for more than one or two days, I think teachers work would 
be more appreciated and better understood. 
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Appendix A-D 

Appendix A 

The four plant experiments are plant cells from Elodea, tulip stomata, 
different seeds and germs of garden cress. There are also five small 
experiments about water and carbon dioxide. 

The Plant Cell 

Now you are going to take a close look in the microscope, but you are also 
going to take a close look at the plant in the glass jar beside the microscope. 
The plant is called Elodea and is a usual plant in aquaria. What do you see in 
the microscope? If you cannot see anything, you have to call for help. 

In your own words, describe what you see and what you think that you see. 

Take a leaf from the plant in the glass jar and look at it with and without a 
magnifier. Is it possible to understand that this leaf is the same as in the 
microscope? Write down your questions and thoughts that you get during 
your work. 

When you are ready with your observations, you try to answer the following 
questions. It can be hard to know the answers, but do your best. 

What do the plant cells look like? 

Why do plants need cells? 

What is it that is green in the cell? 

Do the plants have to be green? 

Stomata 

Now you are going to look at very special cells that are beneath the plants’ 
leaves. These specialized cells take in and let out compounds from and to the 
air. What do you see in the microscope? If you cannot see anything, you have 
to call for help. 

You are also going to take a close look with your own eyes and with a 
magnifier beneath the tulip’s leaf. Do you see anything? With your own 
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words, describe what you see and what you think that you see. Write down 
your questions and thoughts that you get during your work.  

When you are ready with your observations, try to answer the following 
questions. 

What do you think the plants “take in” through the stomata? 

If you say that it is gases in the air, what do you then think that the plants let 
out?  

Plants need a gas as a raw material for the compounds that builds its “body” . 
What gas could it be? 

And what do the plants build their “body” with? 

Seeds 

In this task, you are going to look at a small seed collection. Look closely at 
the different seeds. Use a magnifier if you want. Split some of the dry and 
wet seeds. Take a close look at the seeds that have been wet for a couple of 
days. Think about what a seed contains and what the different parts can be 
used for. 

Draw pictures and take down notes about your observations.  

When you are ready with your observations, try to answer the following 
questions. In the following questions, you have to explain your reasoning – 
how you think. You cannot just answer yes or no. 

Do seeds live? Do seeds breathe? 

Garden cress 

Three days ago, the garden cress plants on your desk were only seeds. Look 
closely at the plants and compare them with the seeds in the seed bag. Use 
the magnifiers if you want. 

With your own words, describe what you see and what you think that you 
see. Write down your questions and thoughts that you get during your work. 

When you are ready with your observations, try to answer the following 
questions. 
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Do plants need light to live? Why? 

Do they need light to germinate? Why? 

Look at the root hair! What is their task? 

What do you breath out? 

You are now going to do some small and easy experiments.  

1. Take a beaker. Fill it half way with water. Add four drops of BTB. Then use 
a straw and infuse in the water of the beaker.  

Describe the experiment. Think about and explain why you got the results. 

2. Take the same beaker as in the first experiment, but first rinse it with 
water. Fill it up with two centimetres of limewater. Then use a straw and 
infuse in the water of the beaker. Write down your observations and explain 
what did happen.  

3. Take a plate of glass or use the classroom window. Put your mouth near 
the glass and breath with your mouth wide open. 

4. Take a transparent plastic bag and tape up your wrist. Leave the tape for 
five minutes. What happens and why? Try to find explanations.  

5. What is formed when it burns? 

In this experiment you need a small beaker and a box of matches. Strike the 
match and put the burning math beneath an upside-down beaker for a short 
time. What can you see on the inner side of the beaker’s walls? What do you 
think is formed when the match burns? 

With your own words, describe what you see and what you think that you 
see. Write down your questions, explanations and thoughts that you got 
during your work with the five experiments above. 

Appendix B 

Ecology test in the 8th grade 

1. In the textbook the word ecology is described as ”the theory about the 
house”. Explain what the word ecology means. 1p 
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2. Karin fills up a plastic bag with usual air (air is a mixture of gases). Then 
she puts the plastic bag over the potted plant and ties it round the stem as 
shown in the figure below. The seal is fully airtight. The plant is put in 
darkness for a whole night. The following are some statements about what 
happens to the air mixture in the plastic bag. You are going to put an R after 
a right statement and an F after a false statement. 1p 

The amount of oxygen increases 

The amount of oxygen decreases 

The amount of oxygen stays the same 

The amount of carbon dioxide increases  

The amount of carbon dioxide decreases 

The amount of carbon dioxide stays the same 

 

                            

3. Name two examples of ecosystems. 1p 

4. Mention two things that, besides animals and plants, have an effect on an 
ecosystem. 2p 

5. Which one/ones of the following food chains are correct? 1p for right, and 
minus 1p for wrong, answer. The question generates minimum 0p. 

Pine --- bug --- woodpecker --- moose ---  

field-mouse --- fox --- golden eagle 
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plant plankton --- zoo plankton --- dragon fly larva --- perch 

zoo plankton --- plant plankton --- fry --- pike 

birch --- plant-louse --- ladybird --- willow warbler 

6. What is meant by a population? 1p 

7. a) What is the process in which the green plants capture light called? 1p 

b) Why do raspberries that get more sun light taste sweeter than the ones 
that have been in the shade? 2p 

c) What is the green pigment in plants called? 1p 

8. You have an elodea plant in a test tube beneath a shining lamp. What gas 
comes like bubbles from the plant? 1p 

9. A small tree is planted on a meadow. Twenty years later it has grown into 
a big tree. The tree has grown taller, the trunk has grown thicker. The tree 
has many leaves, branches and big roots. The tree weighs 250 kilos more 
than when it was planted. Where do these 250 kilos come from? Explain 
your answer as fully as possible. 3p 

10. a) Describe respiration. Please draw to support your explanation. 2p 

b) Does respiration take place in both plants and animals? Explain. 2p 

11. a) What purpose do decomposers serve in the ecosystem? 2p 

b) Give two examples of decomposers. 2p 

12. What is an animal on the last level of a food chain called? 1p 

13. a) What is meant by symbiosis? 1p 

b) Name an example from the nature. 1p 

14. a) Describe soil humidity in a biotope where almost only pine trees grow. 
1p 

b) Name two examples of plants that you can find in a pine forest. 2p 
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c) Name two examples of plants that you can find in a spruce forest. 2p 

15. What do you know about the soil in the pine forest? 1p 

16. a) Why do the lakes have a seasonal thermocline? 2p 

b) Which seasons is the lack of oxygen in the lakes a problem? 2p 

17. In the exhalation air from a polar bear on Greenland there are molecules 
of carbon dioxide. We are interested in the carbon atom in one of these 
molecules. Many years later this special carbon atom is found again in the 
front paw muscle of a young wolverine in the Swedish mountains. Describe 
as carefully as possible the carbon atom’s journey from the polar bear to the 
wolverine’s paw. 4p 

18. Why are there so few top-level predators in an ecosystem compared to 
plants? Explain as carefully as you can. 3p 

19. Use the figure and explain the oxygen and carbon cycles in nature. Please 
draw arrows that elucidate your description. Use the following words: 
oxygen, fox, hare, water, carbon atom, grass, respiration, air, glucose, carbon 
dioxide and decomposers. 4p 

   

20. You take a glass jar with a lid and put some soil in it. Soil usually has 
fungus and bacteria in it. You plant some green plants and add water to get 
humidity. Then you put on the lid and put the jar in a lit place. What will 
happen in the jar if it is standing there for five years without opening the lid. 
4p  
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Appendix C 

 

UMEÅ UNIVERSITET 

Helena Näs 

Doctoral student in biology education 
 

 

 

Hello parents now you have to hear from me again! 

My project was successfully concluded since your children and their teachers 
were so easy to work with. The project was larger than I expected. Because 
the data I collected sparked much interest, I have decided to write a paper 
about it. I will now use your children’s statements and questions (their 
audiotaped discussions) in my reported results and naturally I will not name 
the school or your child. I will analyse the group discussions and the written 
work used when they conducted the plant tasks in the classroom and I will 
not focus on any special student.  

To do this, I need your written permission per the requirements of the 
ethical “laws”. 

Hello parents, 

I am writing this letter to tell you about me and my research project that I 

intend to do at your child’s school.   

My name is Helena Näs and I have been working as a biology, chemistry 

and mathematics teacher for 15 years. In the autumn of 2003, I became a 

doctoral student at Umeå University and my research interest is biology 

teaching in the classrooms. In this spring, I will do some research with 

plant experiments together with the teachers in your child’s school. Your 

child’s regular teachers will do most of the teaching, but in some of the 

lessons I will act as a helping teacher. I will observe and sometimes 

audiotape the students and teachers. The students’ written work will also 

partly be analysed. 
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I am interested in the students’ reasoning, questions, thoughts and 

explanations when they are working. I will also ask some of the students to 

participate in an interview with me. I am not interested in how individual 

students elaborate their knowledge; my interest is more in the content of 

their reasoning about science. 

The project will start in the first week after the Easter holiday and then 

continue for the five following weeks. I will be in the classroom for two hour 

every week.  

Sincerely, Helena 

Work: 0907869558, Home: 090195213, Mobile: 0730655568 

E-mail: helena.nas@matnv.umu.se 

Umeå universitet, 901 87 UMEÅ 

I approve:   I disapprove: 

 

Appendix D 

 

UMEÅ UNIVERSITET 

Helena Näs 

Doctoral student in biology education  

 

Hello Parents!  

I am writing this letter to tell you about a research project that I intend to do 
at your child’s school. My name is Helena Näs and I have been working as a 
biology, chemistry and mathematics teacher for 15 years. In the autumn of 
2003, I became a doctoral student at Umeå University; my research interest 
is biology teaching. I have already finished a primary project, but this 
autumn two of the teachers in your child’s school have agreed to let me 
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observe their ecology lessons. I will only observe and sometimes audiotape 
the students and teachers. Later I will analyze the students’ written work. 

I am interested in the students’ reasoning, questions, thoughts and 
explanations when they are working. I will also ask some students to 
participate in an interview with me. I am not interested in how individual 
students elaborate their knowledge; my interest is more the content of their 
reasoning about science.The project will start in the second school week next 
autumn and I will visit the science lessons for ten weeks.Since the project 
will be reported in my thesis and in different published papers I need your 
written signature on this paper. Naturally, I will not name the school or your 
child in my reported results, but the ethical “laws” say that written 
permission is needed. If you have any questions or thoughts about this 
project, you are welcome to call me whenever you want.  

You can sign this letter and mail it to me using the enclosed pre-stamped 
envelope, or you can give the signed letter to the teachers at the school. 

Sincerely, Helena 

Work: 0907869558, Home: 090195213, Mobile: 0730655568,  

E-mail: helena.nas@matnv.umu.se Umeå universitet,  

901 87 UMEÅ 

I approve:   I disapprove: 
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