Helena Nas has taught biology, chemistry and mathematics for ten years in secondary and upper secondary schools, be-
fore becoming a lecturer at the Department of Mathematics Technology and Science Education, Umed University. After
three years as a lecturer at teacher education she started as a doctoral student in biology didactics at the Department of
Ecology and Environmental Science, Umed University.

Christina Ottander, Ph.D. in Plant Physiology and senior lecturer at the Department of Mathematics Technology and Sci-
ence Education, Umead University. Her research interest concern both socio-scientific issues and their ability to improve
students’ interest and learning and teachers’ ability to work with scientific inquiry.

HELENA NAS

Department of Ecology and Environmental Science,
Umea University, Sweden
Helena.nas@educ.umu.se

CHRISTINA OTTANDER

Department of Mathematics Technology and Sci-
ence Education, Umea University, Sweden
Christina.ottander@educ.umu.se

Student reasoning while investigating
plant material

Abstract

In this project, 10-12 year old students in three classes, investigated plant material to learn more about
plants and photosynthesis. The research study was conducted to reveal the students’ scientific reaso-
ning during their work. The eleven different tasks helped students investigate plant anatomy, plant
physiology, and the gases involved in photosynthesis and respiration. The study was carried out in
three ordinary classrooms. The collected data consisted of audio-taped discussions, students’ note-
books, and field notes. Students’ discussions and written work, during the different plant tasks, were
analysed to see how the students’ learning and understanding processes developed. The analysis is
descriptive and uses categories from a modified general typology of student’s epistemological reaso-
ning. The study shows students’ level of interest in doing the tasks, their struggle with new words and
concepts, and how they develop their knowledge about plant physiology. The study confirms that
students, in this age group, develop understanding and show an interest in complicated processes in
natural science, e.g. photosynthesis.

INTRODUCTION

Students at almost all school levels, from 9 to 19 years of age, show similar misconceptions about
photosynthesis and respiration (Andersson, 2000; Bornds & Djurvall, 1993; Canal, 1999; Carls-
son, 1999; 2002; 2003; Ekborg, 2003; Harlen, 2001; Marmaroti & Galanopoulou, 2006; Smith &
Anderson, 1984; Wood-Robinson, 1991; Ozay, 2003). There seems to be a fundamental lack of
understanding of basic ecological concepts, e.g. the importance of plants on earth and energy flow
in ecosystems, including the role of photosynthesis for life on earth. When photosynthesis is not
truly understood the students tend to use rote learning as a learning strategy and the knowledge
about photosynthesis doesn’t get meaningful for them (Canal, 1999). According to the review by
Canal (1999), primary school students had little practical experience of plant structures and fun-
ctional processes. He suggested that further research is needed about how changes can be imple-
mented in the primary school curriculum to give students opportunities to learn photosynthesis in
a useful way. Another study looking at students’ understanding of photosynthesis, noted that when
teaching is too matter-based, i.e. words and concepts without context, the process of, for example,
photosynthesis is not learned properly (Barak, 1999).
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Several studies report that students from 6-12 years old are curious and not frightened to commu-
nicate science in school and they have the potential to investigate science (Gallas, 1995; Harlen,
2001; Nilsson, 2005; Tytler & Peterson, 2003; Vikstrom, 2005). According to these studies, young
children are capable of more than current curricula recommend and demand in the school sys-
tem. Therefore, it was of interest to conduct further studies into the learning of science in primary
schools, specifically on students doing investigations.

Many studies show that teachers need to challenge their students if they want them to use reaso-
ning regarding empirical data (Andersson, Bach, Hagman et al., 2005; Helldén, 1992; 2002; 2005;
Lidar, Lundqvist & Ostman, 2006; Sjeberg, 2000; Vikstrom, 2005; Zetterqvist, 2003). Students
need to be confronted with challenging questions while doing their tasks or else they tend to think
about and interpret the results as they have done previously. Thus, teachers play an important role
during lessons (ibid.). The plan of action for science education by The Swedish National Agency
for School Improvement (2005) concluded that science classes should make more use of discus-
sions, investigations, and laboratory work to raise the level of interest in science (cf. Andersson,
Bach, Hagman et al., 2005). They also pointed out the importance of listening to students’ langu-
age before and during the introduction of science content in the classroom.

Dysthe (2003) writes about socio-cultural perspectives of knowledge and learning, using cognitive
theories, together with socio-cultural views. She refers to learning theorists like Dewey, Mead and
Vygotsky 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, communication and contents and she means that these dichotomies are impossible
to separate from each other. Aspects of both individual and socio-cultural views are needed to
view the understanding and learning processes in the classroom (Leach & Scott, 2003; Rivard &
Straw, 2000). Barnes and Todd (1995) suggest that learning is a reconstruction of earlier knowl-
edge 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 in her/his actions,
have reached understanding (ibid.).

Knowledge about students’ reasoning gives the teacher interesting insights and opportunities to
support and help students (Barnes & Todd, 1978; 1995; Driver, Leach, Millar & Scott, 1996; Tytler
& Peterson, 2003). In Barnes and Todd’s (1978) analysis of children’s discussions about specific
tasks, they categorised social and cognitive functions of learning conversations between students
to understand whether students’ talk and interplay leads to new knowledge or not. Their catego-
risation of students’ reasoning describes a deepened understanding and learning process (ibid).
Driver et al. (1996) and Tytler and Peterson (2003) illuminated students’ understanding in group
and individual interviews by using three epistemological representations of students’ reasoning.
Since scientific reasoning depends on the context, it is of interest to analyse students’ discussions
and writings in their ordinary classrooms.

This study will complement the above mentioned studies on student knowledge and misconcep-
tions about photosynthesis and respiration, by describing how students develop their scientific
reasoning and understanding about plants, plant life cycles and photosynthesis while working
with plant material in a classroom context. The following research questions were explored:

- How do students develop scientific reasoning during their investigation of plant material?

- What do students’ discussions and written work reveal about their level of interest to compre-
hend and their learning and understanding in the beginning, during and after investigation of
plant material ?
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METHOD

The school, students, and the teachers

Sixty-eight school children aged from 10 to 12 years, from a town in northern Sweden participated
in this study. Three classes (4-6 graders) and four of their teachers were involved. The school has
about 300 students (1-6 graders) every year. Many of the children’s parents work in an industry
located near the school. Most families live in their own houses and the school is located in the
middle of the residential area.

The choice of classes depended on whether the teachers were interested in participating. All teach-
ers involved had more than ten years of teaching experience, but none of them had qualifications
in biology. The teachers were interested and willing to learn new biology content for their teaching.
In a letter sent to students’ home addresses, parents were informed about the project. All students
were interested in participating and their parents approved our presence and the project design.
The project follows the Swedish ethical principals in research (Vetenskapsradet, 2002).

Design

We designed plant tasks and teaching sequences that encouraged students to observe, reflect on,
and discuss plant material. The tasks were constructed to give the students empirical references
to plant structures and functional processes (cf. Canal 1999) and the questions that followed each
task challenged the students to discuss new words and concepts about plants and photosynthesis
(cf. Andersson, Bach, Frandberg et al., 2005); Barak, 1999; Helldén, 1992; 2002; 2005, Lidar et al.,
2006; Sjeberg, 2000; Vikstrom, 2005). Also, a few theory lessons were given. This design followed
the plan of action for science education by the Swedish National Agency for School Improvement
(2005) and it also made it possible for us to focus on the students reasoning during their work.

The study was carried out over a six-week period with teaching sessions as described in Table 1.
The subject content and the tasks were new to the students. None of the three classes had used
microscopes or magnifiers in the classroom before.

The teaching sessions included eleven different tasks which demonstrated plant anatomy, cells, the
gases oxygen and carbon dioxide by different reagents, and introduced new concepts/words. The
students worked in groups of two or three students. In the first week (Table 1), the groups circu-
lated and worked with five different plant tasks and on the next occasion (in the fourth week) with
the remaining six tasks. An instruction given at each task (exemplified below) asked the students
to use all their senses during the observations and investigations. 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. Students’ discussions at the
different tasks were audio-taped in all classes. In most of these discussions, there were no interac-
tions with teachers, but the teachers were available if the students asked for help.

Our aim with the tasks was to give students an opportunity to study plants and their life cycle. We
sorted the tasks into three groups from visible, almost visible and to invisible matter (1-3). The dif-
ferent tasks within each group were: 1. Seeds and germs; visible to the eye, touchable and possible
to taste and smell. 2. Plant cells and stomata; only visible when using a microscope and magnifier
and planned as a link between the plant and the invisible process of photosynthesis. 3. Gases;
invisible but possible to indicate. All tasks were constructed in a similar way, here exemplified by
the seed task as follows: The students were told to look at the different seeds thoroughly and to
use magnifiers and split dry and wet seeds. They were also instructed to write down observations
in their notebooks. The next step was to discuss and answer two or three questions, in their own
words. The questions in this specific task were: Do seeds live? Do seeds breathe?
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The students only used their own and the teachers knowledge when they investigated the plant
material and tried to answer the questions. The students had no books or internet available.

Table 1. Overview of teaching sessions during the project. The article focuses on the first, fourth

and sixth week, including the interviews six months later.

Week Activities carried out in each of the three Data acquisition Analysis
classes method
Five different plant tasks about plant anatomy . .
; : Discussions and -
and plant life cycles. Audio-taped group . Categorising
1 . . T .| written work tran- .
discussions. Students recorded details in their ) reasoning
scribed. 17pp
notebooks.
2 Home investigations with garden cress culti- Notebooks re-
vated in darkness and light. viewed
Theory lessons including concepts concerning )
3 the plant tasks and a carbon story. Students Cﬁglxggoks e
recorded details in their notebooks.
Four tasks to investigate carbon dioxide and ; ;
. . Discussions and -
water. Demonstrations of tasks with oxygen . Categorising
4 ] . ] written work tran- .
and sugar. Audio-taped discussions. Stu- scribed. 17 reasoning
dents recorded details in their notebooks. - 17pp
Questionnaire with 10 multiple-choice ques- Frequency and Statistical
5 tions (Andersson, Bach, Frandberg et al., crogs tabL}J/Iation pro-gramme
2005). n=66. (SPSS9.0)
5" grade tran-
6 Two group interviews with two boys and two scribed 4" grade | Categorising
girls from each class. partly transcribed. | reasoning
6pp
Individual interviews with three girls and . -
30 two boys in fifth grade, lasting about 30-35 /ggtranscnbed. Categqnsmg
minutes. pp reasoning

In the first and fourth week, when the tasks were carried out, the first author started the lessons
and acted as a co-teacher together with the ordinary teachers, while the students were working in
groups with their tasks.

Data collection and analysis

The article focuses on the first, fourth and sixth week, including the interviews six months later.
During first and fourth week, the first author visited each classroom, for about 90 minutes, as
an experienced biology teacher and as an observing researcher. Field notes were kept during the
lessons, although most notes were written after the lesson in a separate room. In the sixth week
(Table 1) and six months later the students were interviewed. The fourth and fifth graders’ teach-
ers were told to pick two boys and two girls to each group interview in the sixth week. To the
individual interviews the fifth graders teacher was told to pick five average achieving students who
hadn’t been involved in the group interview. In both individual and group interviews the students
were confronted with pine tree branches, potatoes, carrots and two pot plants, together with ques-
tions connected to the project. Questions about photosynthesis were formulated both implicitly
and explicitly.
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Data collected in the study include audio-taped student discussions, observations during the les-
sons and collection of students’ notations. Students’ discussions, written records and the interviews
were transcribed and analysed. The transcripts comprise 73 pages. Using Driver’s et al. (1996) and
Tytler and Peterson’s (2003) epistemological representations of student reasoning and Barnes and
Todd’s (1978) interaction and cognition in analysing speech events, we found a way to describe
and organise students’ reasoning from both discussions, written records and interviews .

Barnes and Todd’s (1978) categorisation of students’ reasoning describes a deepened understan-
ding and learning process. Their categories are:

« Discourse moves; characterised by discussions between the students about the task, rather
than other matters.

« Logical process; characterised by students trying to solve a problem.

« Social domain; characterised by the progress, conflicts, supportive behaviour, etc. in the
group.

« Cognitive strategies; characterised by students’ discussions leading to understanding

+ Reflexive thoughts; characterised by students’ amalgamation of new and previous know-
ledge

These categories describe two levels in both cognitive and social functions. At the first level, disco-
urse moves and logical processes are represented and the second level is represented by social do-
main, cognitive strategies, and reflexive thoughts (Barnes & Todd, 1978). Since this study focuses
on the cognitive functions, categories in social functions will not be further mentioned.

When Barnes and Todd (1978) analysed students’ discussions, they divided the cognitive functions
into two levels i.e. logical processes and cognitive strategies, plus reflexivity. They meant that
students’ discussions could be logical in the procedure when they constructed patterns to explain
what happened and that this could lead to a new constructing way of understanding, i.e. cogni-
tive strategies and reflexive thoughts. Barnes and Todd’s categories are convenient for this study
since they have been used to analyse students’ discussions, without intervening teachers. Similarly,
Driver et al. (1996) and Tytler and Peterson (2003) employ three epistemological representations
of students reasoning, where they illuminate students’ understanding. They wanted to explore the
relationship between reasoning and knowledge and the students’ approach to exploration (ibid.).
They used three categories:

« Phenomenon-based: Use all senses to observe and find out new things. Using non-scientific
language and metaphors. No explanations.

« Relation based: Describe new things and compare with what they already know. Discuss
and explain from questions and instructions in the task and learn from peers and teachers.

« Concept or model based: Make connections with new scientific words and previous
scientific knowledge. The reasoning shows understanding of concepts or scientific
processes that can be explained by using scientific models.

The epistemological representations referred to above were used to analyse both pair interviews
and empirical inquiry, of students that were 9, 12, and 16 years old (ibid). Tytler and Peterson
(2003) build on the work of Driver’s et al (1996) representations when they analysed interviews
of younger students (5 and 6 years old) during their two first years in primary school. This way
of describing and analysing students’ reasoning also coincide well with the context of the present
study. In contrast to Barnes and Todd (1978), Driver et al. (1996) only have a theoretical hierar-
chy and represent no development sequences. They also suggest that anyone of the three forms of
reasoning could appear in specific science situations and:
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It is having these multiple perspectives available which is educationally important (p. 142)

In our analysis, we used a combination of Driver’s et al. (1996) epistemological representations of
students’ reasoning and Barnes and Todd’s (1978; 1995) analysis of children talking about specific
tasks (Table 2). With this combination we formulated an analysis method which suited both stu-
dents’ group discussions, written reports and the interviews. In the analysis, we tried to establish
what the students’ reasoning could tell us about their learning process and how they developed
understanding.

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

Peterson’s (2003) epistemological reasoning framework).

Phenomenon based reason-
ing

Logical processes and rela-
tion based reasoning

Cognitive strategies,
reflexive thoughts and
concept / model based
reasoning

Observing the world.

No explanations.

Students only talk about their
observations.

A focus on the subject content.
To see, feel, smell and find out
new things.

e.g. excerpt 1 and 7

Describe and explain new
things.

Compare with what they al-
ready know.

Explanations out of data.

No general scientific theories.
Discuss and ask questions
from instructing questions.

Make connections with new
words/concepts in a way
that shows understanding
for scientific processes and
theories.

e.g. excerpt 3 and 6

Learn from peers and teachers.
e.g. excerpt 2 and 3

When students’ discussions consist of the three perspectives (Table 2) mixed together, their reaso-
ning shows understanding. Our analysis is descriptive and will illustrate students’ use of scientific
and every-day language, how they compare, and how they try to use new scientific words and
concepts during their work with plant material.

REsuLTS

During the six-week long teaching session with tasks concerning photosynthesis, home investi-
gation, and theory lessons, the students showed an astonishing activity in all tasks. In the fifth
grade the classroom situation was noisier than in the fourth grade. The sixth graders were calm
and less engaged. All students observed plants, seeds, germs and plant cells, and investigated the
gases involved in photosynthesis. The excerpts come from students’ audio-taped talk and their
written records, and the excerpts presented below gives a fair description of the discussions in all
three classes. The audio-taped excerpts focus on students’ group discussions and no individual
students are followed in the group. The excerpts are marked with S-S, to show that all students
participated in the discussions. There are no teachers involved in the shown excerpts. The multiple
reasoning perspectives (Table 2) are used in the analysis of all excerpts to present the students’
elaboration of understanding. The students’ development of scientific reasoning will be presented
according to the investigations of the tasks named visible, almost visible and invisible.
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Visible matter - garden cress, seeds and germs

The students were most familiar with the visible tasks since they encounter seeds, germs and
plants in their daily life. Excerpt 1 shows phenomenon based reasoning, how they move within
the discourse and examples of the students’ comparisons. In this sequence, three students in the
fourth grade (10 years old) were looking at wet garden cress seeds and cultivated garden cress
using a magnifier.

Excerpt 1

;... try this

;... no, we want to look at this first

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

: Wow, look at this...

: ... try this, this is really fun!

: ... what a bad smell

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

: Yeeeah, but not like ...

: It smells! Try this one! Have a smell? ... (reacts to the smell of the garden cress)
: Do you want to smell? It’s free ... It’s food!

: I will taste it!

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

: T hold my nose and look (takes a deep breath)

. ... I really want to see this one ... could we change?

: Look! ... it’s like a jungle! (looking at three days cultivated garden cress with a magni-
r)

: Aaaaaah ... this is dirty!

: Look at this, it’s like a jungle!

: It looks like roe ... (fish eggs)

: Do you want to see? ... Have you seen this? Have a look at this!

: Ahh, yucky! ... (turns to the other peer) ... Is this the jungle?
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Their fascination dominates the sequence and there was little use of scientific language in their
informal discussions, but their questions showed that scientific interest was stimulated from their
new experiences. The fourth graders above used a phenomenon based reasoning (cf. Table 2).
However, their questions and explanations from the whole data collection categorised most of
their reasoning as relation based. The enthusiasm and curiosity in fourth and fifth graders work
generally lengthened their discussions e.g. the speed of the growing garden cress made them won-
der about the biological process of germination. Questions like: when do they germinate, when are
they fully germinated and do they need light to germinate, surfaced at many of the visible tasks.
The students wanted to know more and they explained and tried to convince one another in their
explanations. Excerpt 2 with three students in fifth grade illustrates this described relation based
reasoning (cf. Table 2):

: Are the seeds alive?

: No!

: Can seeds breathe?

: Yes! Seeds don’t live!

. ... in some way they must live...Otherwise — how could they start growing?
: Like the hair...the hair is dead! The nails are dead.

: ... but they live...the answer of the first question is that they live.

: Do they live?

: No!
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The students’ elaboration showed that it was difficult to understand questions and concepts and
they tried to find reasonable answers to these questions and wanted to know more about the
processes. They had experiences that they shared with their mates and in these discussions they
used logical processes. The comparison that the students made, in this case with the hair, shows
development of model based reasoning. In the following excerpt the same students as in excerpt 2
tried to get some help from a teacher, but when they did not they continued as follows:

S : ... but we write...

: ... what do we call it? ... What shall we write?

: They start to live when they get water

: I will write that it is like the hair!

: But listen to me! They don’t live, but they can breathe when you put soil above them.

: Could they really breathe?

: Yes they can breathe ... that’s why you should not put too much soil on them...my
mother told me that ...

S,: Did she?

S,: Yes she did ... because I killed all seeds once.

This discussion shows that they tried to make a model of the living process i.e. model based reasoning.

The written work made the students focus and the group members in all groups mostly wrote the
same details in their notebooks. Analyses of students’ writings during the plant tasks showed that
they used more scientific language when they were describing and explaining in text. They tried to
use new scientific words, which were presented to them in the tasks, i.e. they used a logical pro-
cess and the reasoning was both phenomenon and relation based. Compared to the audio-taped
excerpt 1, there were no noticeable fascination and interest in the written texts, i.e. no excitement
and no words like jungle, popcorn and roe. Excerpt 4 is from a fourth grader’s written work:

Excerpt 4:
About garden cress - The germinated seeds are wet and smell more and are paler. The seeds ger-
minate and get stems and roots. The seeds get bigger in the water.

The fourth graders struggled with their writing. The sixth and fifth graders spent less time on each
task and could more easily write down their observations and thoughts. However, the content of
the written work was almost the same in the fourth to sixth grades, with more scientific words be-
ing used than in their discussions.

Almost visible matter - plant cells and stomata

The next set of tasks was dealing with plant cells and stomata. These tasks confronted the students
with new equipment and many new words and concepts. Excerpt 5 shows the fourth graders’ diffi-
culties with the task. Using a microscope, answering questions and making observations were dif-
ficult because they did not know what they were looking for. A group at the stomata tasks said:

Excerpt 5
We don’t know anything! Only that this is on the backside of a leaf. We were meant to write
questions first, but we didn’t have any. We hardly knew what this was. (They are telling a
teacher this).

When the teacher helped them, they were able to observe and discuss the questions. This happe-

ned in all classes, but more frequently in the fourth grade. The fifth and sixth graders were more
fascinated when they looked at plant cells and stomata under the microscope, compared to the
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seed and garden cress tasks. The tasks about stomata and cells were important links between the
plants and the invisible process of photosynthesis, as shown in Excerpt 6 from some sixth graders’
discussions.

: Plants don’t need to breathe ...

: They do! ... it is with these (the stomata) that they breathe!

: But I don’t believe that they eat air!

: They open up and let the air come in

: No ... where do they have their mouth then?

,: They take it with the stomata ... it is things like that they take in ... oxygen and water
and such ... through the stomata

S,: They take in carbon dioxide, oxygen and water. Gases and oxygen! But ... are those
things in the air?

S,: Stomata take in oxygen ... into the stomata ... no!! ... that’s wrong! Into the stomata come ...
S,: Shall you not write from stomata ... comes oxygen!!

nNnw,mumnmnounmn
NN =

In Excerpt 6, the students made connections with new words and concepts and they tried to
explain parts of photosynthesis when they were looking at stomata. The task made them ask qu-
estions despite having not seen stomata before and having problems understanding if the gases
mentioned in the task were air or something else. They argued a lot and the discussion was intense,
but in the end they made a decision that plants need carbon dioxide and let oxygen out. This reaso-
ning had both logical and cognitive strategies since the students connected new scientific words
to their new and old knowledge.

The written questions that followed each task challenged students’ knowledge and made them
discuss new concepts and words. These questions were important stimuli, together with the tasks,
since they made them discuss biological processes e.g. germination. Again the scientific words,
like cell and stomata, were more frequently used in their writing, compared to the audio-taped
discussion. The students were not familiar with the words, but they did try to use them in the right
context in formal writing and thereby used logical moves. Excerpt 7 shows a sixth grade students’
written work, after observing chloroplasts in the plant cell. In his reasoning he uses a scientific
blood cell model to describe the movement:

Excerpt 7
About plant cells - There are small plates put together to 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...

Invisible matter - water and carbon dioxide

During the tasks with carbon dioxide and water, three weeks after studying plants, seeds, germs,
stomata and cells, the students used the scientific words/concepts that they had encountered in
the first week, during the explanations of new scientific phenomena. In the fourth week model
based reasoning occurred in all three classes. Students’ discussions became more relation based
in the fourth week since the students used their new or updated knowledge from the first three
weeks. The following quotation comes from a student who had put her hand in a transparent bag
and made a comparison with the plants’ stomata that she had come across three weeks earlier:
There must be stomata in my skin that let water out. This 10-year-old girl was really astonished at
the reaction of her hand in a transparent bag. She applied her knowledge from the first week, to-
gether with her observations and made a model for her explanation for the water coming out of her
skin. The reasoning connected new experiences with scientific processes and all three analysing
categories were used. The next explanation, of the state of water aggregation from an 11-year-old
boy, was another example:

Water is invisible in the air but becomes visible in the plastic bag.
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The invisible matter confused many students and they struggled with the scientific words/concepts
when they did not use the same words in everyday language. The tasks in the fourth week invol-
ved water and gases, like carbon dioxide and the students’ reasoning showed how confusing the
scientific language and everyday language can be for both teacher and students. Even the everyday
words were not the same in different contexts. For the students ‘mist’ could be oxygen, carbon dio-
xide, water, steam, or air. In fact, none of the suggestions were totally incorrect since air contains
all these compounds and water in a gas phase that the students breathed out. When they tried to
use the word/concept ‘water’ in its right context, they did not realise that mist, steam, fog, sweat,
warm exhaled air etc. are all words for water in a gas phase, and their discussion confused them.

The interviews

The interviews confirmed that the students had found the plant project interesting and their reaso-
ning showed how they had developed understanding for photosynthesis. In one of the individual
interviews, six months later, a student reasoned like this (I = interviewer and S = student):

Excerpt 8
I: Why does the plant need carbon dioxide?
S: To live!
I: But what happens with it?
S: I think it grows... it uses it for something and then it changes into oxygen and then it
breathes this out and we ... it could be that the leaves grow ... it could be soil ... it could
be buds ... maybe new buds...
I: Have you heard about carbohydrates?
S: Yes, that’s on the packets ... corn flakes e.g. ... I don’t know what it is really ... maybe
something that builds up the plant ... it could be energy??

The student made connections with carbon dioxide, living and growing, oxygen, carbon hydrates
to build up plants and energy. The reasoning was phenomenon, relation and model based when
different explanations were used but all the pieces could not be put together. The language was not
scientifically correct but in all the interviews and in Excerpt 8 and 9 the students tried to explain
and elaborate on the difficult scientific processes. The interviews also showed their difficulty in un-
derstanding what happens to carbon dioxide in the leaf. Carbohydrates are invisible and a word/
concept that is used in many different contexts and another student said:

Excerpt 9
I: These stomata ... why are there such at the leaves?
S: They take in water? No! Oxygen!
I: Does it take in oxygen? The plant?
S: No, it takes in carbon dioxide...
I: Yes, why?
S: Because it’s something in the carbon dioxide ...
I: Yes, and what happens with it?
S: Yes ... then they take it and the thing they don’t need they convert into oxygen and
they let the oxygen out again ...
I: Exactly! You said that in a very good way. They let oxygen out, but what do they make
with the carbon dioxide?
S: ... the carbon dioxide ... hmm ... they... they need it to grow I think!

In the interviews all students reasoned with themselves and got support from the interviewer.
The interviewer both helped and hindered the students’ reasoning. The plant material, pine tree
branches, potatoes, carrots and two pot plants, brought to the interviews helped both students and
the interviewer.
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Summary

The plant tasks encouraged the students’ scientific reasoning since their questions and explana-
tions about physiology and functions showed both their knowledge and interest to learn more
about photosynthesis.

The fourth graders spontaneous and longer discussions made their reasoning more phenomena
based and all the students’ discussions showed interest to know more about plants. The written
work showed more logical processes than their oral work, but in both, when the students tried to
explain, make models, and make connections with the new words/concepts or scientific processes,
e.g., germination and photosynthesis, they showed an ongoing process of understanding.

The visualized stomata helped students to put into words the transport of gases and the plant cell
linked the invisible gases to visible matter in the plant. The individual interviews confirmed that
the students had learned about photosynthesis since the students, six months later, showed all of
the multiple reasoning perspectives, indicating that understanding existed.

DiscussioN

Over a six-week period, we met 68 students (10-12 years old) in their classrooms, working with
plant material and tasks connected to plants (Table 1). During that period we studied how students
developed their understanding of plant anatomy, photosynthesis and plant life cycles. The students
reasoned in small groups, they wrote down their questions and thoughts, and they talked to each
other and their teachers. During their work the students studied plants, ‘almost visible cells’, and
invisible gases to make photosynthesis less abstract. The purpose was to let the students observe
(see, feel, and taste) with all their senses and to present them to small investigations where the
questions confronted them with new words and concepts.

The students showed true enthusiasm during these tasks. They smelled, looked and used their
senses and they wanted to share their experiences with their school friends. They were fascinated
by e.g. the seeds germination process and a lot of questions arose: What is germination? Do seeds
live? When do they start to germinate? Do they need light to germinate? By these questions the
students revealed that this area was new to them, and they did not directly focus on photosynthe-
sis, but their questions showed an interest in knowing and understanding more about plants and
photosynthesis.

Since our focus was students reasoning there was much data to listen to and analyse. There are
many things that happen in the classroom context and the students’ reasoning did not only include
their discussions. Lemke (1990) called it doing science through the medium of language and he
claimed that:
Talking science means observing, describing, comparing, classifying, analysing, discussing,
hypothesizing, theorizing, questioning, challenging, arguing, designing experiments, following
procedures, judging, evaluating, deciding, concluding, generalizing, reporting, writing, lectur-
ing, and teaching in and through the language of science (Lemke, 1990 p. ix).

In our classrooms they observed, described, compared, discussed, questioned, argued, and follo-
wed procedures etc. Hence, Lemke’s list above depicts the classroom situation.

According to Tomkins and Dale Tunnicliffe’s (2001), diary-writing, home tasks and investigations
with everyday experiences stimulated the students to spontaneously raise questions and answer
them from their own subsequent observations. Our data showed that plant tasks did make photo-
synthesis interesting and understandable in a classroom context. It also showed the possibility to
use more discussions, investigations and laboratory work in science education, which the Swedish
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government has called for (The Swedish National Agency for School Improvement, 2005). The
plant tasks also gave the primary school students the empirical references to plants structures and
functional processes, which Canal (1999) suggested as a possibility to learn photosynthesis in a
useful way. These plant tasks were easy to prepare and work with in an ordinary classroom. Li-
ving plant material is important to obtain an ecological understanding (Helldén, 1992; Vikstrom,
2005). The questions that followed each task guided students’ reasoning to new thinking and, like
other studies have shown, the primary school students were capable of developing understanding
of difficult processes in science (Abd-El-Khalik et al., 2004; Gallas, 1995; Nilsson, 2005; Tytler &
Peterson, 2003; Vikstrom, 2005).

This study showed that plant tasks can develop understanding for photosynthesis. The 10-12 year
old students’ discussions during and after the tasks showed all of the multiple reasoning perspec-
tives, indicating that understanding existed (Table 2). Almost all students in this study took part
in the discussions. We will argue that when students have the opportunity to discuss they can
develop understanding. Other studies, which show that students do not understand the ecologi-
cal importance of plants and photosynthesis (Andersson, 2000; Bornds & Djurvall, 1993; Canal,
1999; Carlsson, 1999; 2002; 2003; Ekborg, 2003; Harlen, 2001; Marmaroti & Galanopoulou,
2006; Smith & Anderson, 1984; Wood-Robinson, 1991; Ozay, 2003) are often based on ques-
tionnaires which ask the questions out of context and do not give the students the opportunity
to discuss the questions and their answers. Our study of the discussions shows that the students’
scientific language was not correct but, like Rundgren (2006), we mean that students can express
a scientific understanding by using non-scientific language.

The students’ discussions gave them the opportunity to learn, develop understanding, and to argue
about scientific words and concepts. For example, the different words for ‘water’ distracted them
and made ‘water’ a troublesome concept. They had plenty of ideas from contexts other than school
(education), and this knowledge they willingly shared with other students. During our tasks, the
students needed help, but their discussions without an interacting teacher made them realize
that they needed the teacher’s help. It is important that the teacher encourages these discussions
in order to raise their students’ level of interest and knowledge. With a teachers’ help, students’
discussions more easily lead to understanding (Andersson, Bach, Hagman et al., 2005; Helldén,
2002; 2005; Lidar et al., 2006; Sjeberg, 2000; Vikstrom, 2005; Zetterqvist, 2003).

It was obvious that the students used more scientific language when they wrote than when they
talked. The writing made them focus on their task and forced them to use the new words and con-
cepts they came across. Many students complained when they had to write and the fourth graders
required more time to write than the fifth and sixth graders. If we had only analysed the students’
written work our picture of their work with the plants would have looked quite different from an
interest and fascination point of view. According to Rivard and Straw (2000), writing together
with group discussion is successful when you want to enhance retention of science learning over
time and it is possible that one of the reasons that our students remembered so much six months
later, could be due to this teaching design.

The process of learning and understanding connected to the plant tasks was, as expected, more
phenomenon and relation based than concept/model based. Other investigations (Driver et al.,
1996; Tytler & Peterson, 2003) have shown almost no concept/model based reasoning but that
was not the case in this study. The students used all reasoning perspectives in the first and the
fourth week and in the interviews six months later. These students knew a lot about plants before
they encountered the tasks and the tasks made them ask new questions. Good teacher qualifica-
tions in biology are needed, also in the early school years (Harlen, 2001; Vikstrom, 2005) oth-
erwise the students will not be able to find or get any relevant answers to their serious questions
nor opportunities to accomplish investigations where they can find the answers by themselves.
We think the teacher’s role should be more supportive and confirming than explaining, since the
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students’ own thoughts, questions, and knowledge need to be heard. Being careful with new sci-
entific words and concepts is important since these words could have quite different and various
meanings in students’ everyday language e.g. carbohydrates. Barnes and Todd (1978) concluded
that students learn more when they are asked to use their own words to explain their thoughts,
especially without teacher influence. Their students showed more knowledge than their teachers
expected when they had the opportunity to discuss different tasks. We confirm that this also hap-
pened in this study and that both teachers and the interviewer sometimes hindered the students’
reasoning, although, the other way around, when the students needed the teachers’ help, was a
much more common situation.

Carlsson (1999; 2002; 2003) described how the concepts of particle theory, changes of phase and
transformation were difficult to grasp for the students. To see and understand stomata’s function
and importance was a vital point in this teaching sequence. The students accepted that gas trans-
port in and out of the plants occurred since they had seen stomata and knew where the gases could
get in and out. Stomata then became an important link between the visible plant and the invisible
gases. In the interviews six months after the project had finished all students interviewed remem-
bered the stomata’s function and position. They held the pine tree branch in their hand, explained
and pointed out where the tree got its carbon dioxide and that this gas made the tree grow. The
interviewed students had a lot of knowledge and probably a pretty good picture of what happens
in photosynthesis. The growth connection to carbohydrates was harder to explain and this project
and the tasks given did not address this part of photosynthesis in an adequate way.

It was not easy to find suitable places for the equipment, such as microscopes and magnifiers, in
an ordinary classroom and there were some problems audio-taping the discussions. However,
the possibility to accomplish these teaching sessions in a classroom context far surpasses the
problems. A well-functioning microscope in every classroom would be one step closer to a better
understanding of photosynthesis and thereby a better ecological understanding.
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