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“...and then there

are some foggy concepts “.. explain what “... you just well: | think
that you have here and there and your thoughts are to | know this, but | haven’t put
then you go in and then you do someone else can kind of words on it kind of. So then you
sgmething af‘d then okay and t!‘e" it - help you formulate them a ‘ have to think a little and you
kind of falls into place. Then ... if you bit better, and, eh, help yot kind of have to put wi \

didn’t really understand remember like, know together an
before, then it’ }

(The solution is colourless, but it is not water. A molecule
that can cause consternation for students studying shift in
chemical equilibrium.)

1 INTRODUCTION

This thesis contains an ethnographic aspect; namely, the researcher as an interpreter
of data collected from different chemistry teaching and learning contexts. These con-
texts carry inherent meaning to the participating actors and to those whose back-
ground helps them understand what is being talked about and acted upon. Because of
this, reflexivity — that is, who the researcher is and the researcher’s position in relation
to the research — becomes important for understanding both the focus of the research
and how the data is interpreted (Cohen et al, 2018, pp. 302-303). Students’
thoughts on learning in the laboratory, such as those shown above (quotes from focus
groups conducted for the thesis, unpublished data), can be interpreted differently by
different researchers from different backgrounds. What for me (the researcher) illus-
trates the fascinating process of sensemaking in chemistry might illustrate something
else for someone with a different background, focus and life experience. Therefore, I
will begin this thesis by introducing myself, my background and my motivations for
the thesis.

Throughout the text I will sometimes write in the first person because, although I
take an interpretative stance, science education research is a research field with cultur-
al norms stemming from the science field, and the researcher-as-person is normally
absent in publications in the field. The shift in language use between the first person
and the objective observer reflects the fact that the thesis is situated on the threshold
between the humanities and science traditions.
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1.1 My motivations for this PhD thesis

I first became fascinated with chemistry learning at Stockholm University, where 1
was part of a research group focused on protein folding equilibria between 2007 and
2012. In 2009, I taught at a 10-week biochemistry course to molecular biologists, for
the second time. I had grown tired of the endless stream of lab report returns the
previous year (approximately seven returns per student) and the ineffectiveness of the
laboratory lectures that we held in terms of helping the students understand basic
concepts necessary to interpret their data. In 2009, to prepare, I spent a lot of time
trying to help the students based on literature in chemistry education that I found
during my courses in university pedagogy for the natural sciences. I organised their
studies through the use of preparatory exercises with explicit page referencing for
reading in the lab compendium and conceptual questions on troublesome aspects of
the theory. I started each lab with group discussions about the conceptual questions
and ensured that each group arrived at the desired answer. Then the students were
given a point-by-point overview of the procedure, from start to finish, and I also
handed out a printout of the overview to everyone. I planned discussion sessions dur-
ing the lab whenever there was a break, to answer the question ‘what is going on
here?’, and discussed the results with the students at the end of each lab. During these
sessions, the students who finished first were asked to do their calculations and pre-
sent their results on the board, and then we looked at them together as a group to
discuss what they meant. I felt I had done everything I could to help the students
connect theory and practice.

However, there was one student that I could not help. During the second lab he
simply got stuck. He needed to dilute a 10 mg/ml protein solution 10 times. This was
known amongst the teachers to be a notoriously hard aspect of the lab, and most
students ended up diluting 1+10 (one part solution and 10 parts water) despite being
perfectly competent at diluting squash in their homes (to dilute something 10 times,
you dilute 1+9). However, this one student was determined to do it mathematically
using the mathematical shortcut ¢ X v = ¢ X v (this shortcut is used for dilutions in
chemistry involving concentration calculations based on amount of substance and
volume). I tried speaking to him about it not being the best way to solve his problem,
to no avail, and I also tried to illustrate the dilution graphically to him. There were
two other assistants there who were understudies to me that year (in that department
there is always one experienced PhD student teaching in each double group, and
someone who is in the first year of teaching works together with this PhD student
and watches and learns from them). Both of the PhD students spent time trying to
reason with this student, who stayed until 8 p.m. trying to solve the calculation, but
eventually gave up.

What I found deeply fascinating about this undergraduate student was his absolute
dedication to sticking to what he knew, which was maths. He had to describe what
was going on in words he could understand, and this calculation was apparently what
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he knew. But sticking to math in the laboratory only gets you so far. At some point,
you have to make sense of the concepts behind the symbols, and that is very hard for
many students. To some extent, they can be helped using methods of teaching sug-
gested by research (as I did), but to me, the chemistry education literature was not
helpful enough (and, from what have I read, this is also true today; see M. M. Cooper
& Stowe, 2018).

I taught the biochemistry laboratory course for three consecutive years. Although I
had previously considered becoming a teacher, I really became fascinated with learn-
ing chemistry in the laboratory when I started teaching biochemistry to undergradu-
ates. It was as if half of the students did not connect what they were doing to the
theory at all. One student became particularly sheepish when he had to remake a
solution because he done a calculation for one volume and then dissolved the powder
into a different volume without noticing. The connection between theory and prac-
tice was not there, and the students behaved accordingly. The question I asked myself
was: why can the students not make sense of what they are doing in the chemistry
laboratory?

In 2015, I finally took the first step toward becoming a teacher for upper secondary
school. Armed with my licentiate degree in biochemical toxicology and some extra
biology courses taken during the autumn 2015, I applied to the Supplementary
Teacher Training Programme at Lund University to become a teacher of chemistry
and biology. I enjoyed my studies, but again found myself asking a similar question
during my placements: why do students attempt but fail to learn chemistry and how
can they be helped? To me, the question was so urgent that I happily applied for a
doctoral position in chemistry teaching and learning when it was announced. This
thesis represents an attempt to answer the question of why some students cannot
make sense of chemistry, and I hope it also can support new ways of thinking about
teaching and learning in this subject.

I will now briefly summarize what the research says about why learning in chemis-
try causes difficulty for students, after which I will present the thesis and the studies
therein.

1.2 The complexity of learning chemistry

According to the Swedish National Agency for Education (Skolverket, 2022), the
purpose of the chemistry subject at upper secondary school is for students to develop
knowledge about chemical concepts and methods, understand chemical processes,
develop an understanding of the importance of chemistry to the environment and the
human body, and gain knowledge of how chemistry can be applied to develop phar-
maceuticals, materials and new technology. Students also need to be able to relate to
societal issues involving chemistry in a competent way and make ethical judgements
(ibid.). Students need to be able to work theoretically and experimentally and com-
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municate using the language of science and critically evaluate their experimental re-
sults and argue their conclusion based on experimental data (ibid). In short, connect-
ing theory and experiment, relating knowledge to everyday life, evaluating data and
being able to master the scientific language, are central to the chemistry subject at
upper secondary school. These goals (evaluate, relate, apply, etc.) can be described as
being aimed at students achieving a higher level of understanding, and for students to
reach these goals they would need to adopt a deep approach to learning (Biggs &
Tang, 2007). They would also need to have developed a capacity for abstract thought
and complex problem-solving. This conceptual development takes place during ado-
lescence, partially in response to teaching and learning and partially as part of indi-
vidual development, leading to diversity in terms of thinking capacity in student
groups (Newman & Newman, 2020; Vygotsky, 1931/1994). Even when adolescents
have developed abstract thinking, they do not always use it to solve problems (ibid.).
Hence, it can be assumed that the goals for the chemistry subject will not be attained
by a fair proportion of the students.

At the same time as there are high demands on students’ chemical thinking at upper
secondary school in general, the subject itself puts great demands on students. This is
partly due to the subject’s abstraction level, partly due to its focus on substances that
the students have a hard time relating to, and partly because of its complicated sym-
bolism (Taber, 2017). For instance, in the reaction 2Mg 4+ 0, — 2MgO , the ‘=’
sign represents both ‘produces’ from a process perspective and ‘is interchangeable
with’ from the mathematical perspective focused on the calculation of, for instance,
masses (ibid.). To complicate matters further, ‘MgO’ represents both the product of
the reaction and the ratio of Mg:O of 1:1 in the salt being produced (ibid.). Finally,
when used in conversation, the reaction 2Mg + 0, — 2MgO can allude to both the
oxidation of magnesium (usually achieved through heating a strip of magnesium in-
side a crucible over a Bunsen burner) and the interaction of particles leading to bonds
being broken and formed (Taber, 2017). As this example shows, the meaning mediat-
ed by the chemical equation is both complex and sensitive to a conversational context.

The learning demands could result in the fragmentary knowledge that has been ob-
served for many chemistry students, which is one of the most general and solid con-
clusions that can be drawn about learners from chemistry education research (Cooper
& Stowe, 2018). This inherent difficulty in learning chemistry led to Johnstone’s
(2006) proposal that the subject’s different aspects (the observational domain, the
symbolic domain and the theoretical domain; that is, the chemistry #ipler) simply
overloaded the students’ working memory and made it hard for them to reason.

Although all aspects of learning chemistry can be regarded as difficult for students,
teachers generally regard chemical equilibrium as the most difficult topic to teach and
the most difficult for students to learn (Barke et al., 2010; Kind, 2004). This is unfor-
tunate given that an understanding of chemical equilibrium is necessary in order to
understand most of the fundamental concepts of chemistry, including acid-base reac-
tions, redox reactions and solubility (Barke et al., 2010). From a biochemical perspec-
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tive, understanding chemical equilibrium means understanding reactions and interac-
tions, including all the reactions involved in our body’s metabolism. Understanding
chemical equilibrium also means understanding why some proteins are stable and
others are not; therefore, chemical equilibrium helps us understand why some diseas-
es, such as amyotrophic lateral sclerosis (ALS) and Alzheimer’s disease, occur. Hence,
proper understanding of chemical equilibrium has implications for the understanding
of other sub-topics of chemistry and for the development of applied fields such as
medicine.

Although it has been observed that structured, collaborative learning generally im-
proves learning outcomes in chemistry compared to students learning on their own,
the reason for this remains unexplored (M. M. Cooper & Stowe, 2018). However,
the research supports learning in the presence of a ‘knowledgeable other’, first sug-
gested by Vygotsky to be the prerequisite for learning as a social process (M. M.
Cooper & Stowe, 2018; Vygotsky, 1934/1987). Several studies on student guided
collaborative talk have shown that such activities, both in science and other subjects,
lead to improvements in individual student reasoning over time (Mercer, 2013).

It is also clear from science education research that learning in the science laborato-
ry, an activity that involves using the chemistry language, and connecting experience
to theory, needs careful planning in order to be effective for any science subject. Based
on school science research conducted over several decades, the National Research
Council (2006) recommended that laboratory activities should have clear learning
outcomes, be thoughtfully incorporated into the overall teaching sequence, integrate
theory and experience, and include student reflection and discussion. However, based
on the inherent properties of the subject of chemistry, especially its symbolic com-
plexity (Liu & Taber, 2016), I would argue based on the literature that there are sub-
ject-specific difficulties that make the theoretical-experimental aims for learning in
chemistry a particularly difficult task for teachers.

In this thesis, I wish to address the issues with learning chemistry by attempting to
explain why issues with connecting theory and practice occur and how teachers might
be able to help students reach all the learning outcomes for the subject. I have chosen
to study the learning of chemical equilibrium because of its central place in the learn-
ing of chemistry. Addressing the issue of connecting theory and practice in chemistry,
I use the theoretical concept of sensemaking, which has been used in science educa-
tion to describe how students make sense of what they observe and build an explana-
tion through connecting everyday experience and scientific theory to resolve a gap in
their understanding (Odden & Russ, 2019). However, being sensitive to the im-
portance of the language of chemistry to learning chemistry, and being aware of learn-
ing involving both development and social interaction (Illeris, 2007), I have used the
theories of Vygotsky on thinking and speech (1934/1987) to define sensemaking as
an act of learning rather than a specific way of making meaning within a learning
context. Thereby, I pay attention to the importance of viewing collaborative learning
events as parts of a long-time developmental process that help students access new
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ways of thinking (Smagorinsky, 2018), and I view words as tools that mediate think-
ing (Kozulin, 2003; Vygotsky, 1934/1987) as students make sense of what they see in
the chemistry classroom.

1.3 Overview of the thesis

The four studies in this thesis examine how students use words to relate theory and
experience on the topic of chemical equilibrium, and also how teachers can help stu-
dents bridge this gap. These topics are examined first through a pilot study and then
through a comparative case study approach. The case study approach involves the
analysis of concept maps produced by 88 students in five classes at four different
schools, and the analysis of teacher—student dialogues during practical work in these
same classes. The work is guided by the assumption that words are tools that mediate
the formation of word meaning as part of sociocultural activities, where, for instance,
the teacher or parent acts as a mediator of meaning and intention in an interaction
that is reciprocal (Kozulin, 2003; Vygotsky, 1934/1987). As part of learning, learners
gradually learn to form meanings on their own and can utilise the words as thought to
mediate conscious and meaningful action (Arievitch & Haenen, 2005; Lantolf, 2003;
Vygotsky, 1934/1987). Following this assumption, the thesis focuses on the role of
scientific language use in connecting theory and experience, both from the perspective
of the students’ own sensemaking, and how teachers mediate reciprocal sensemaking
in the classroom. The overarching research question is: How does student language use
relate to sensemaking in chemistry at upper secondary school, and how can teachers help
students make sense of chemistry through classroom dialogue?

To answer this question, I utilised an ethnographic approach to content analysis
(Altheide & Schneider, 2013) to analyse student concept maps and teacher—student
dialogues as data that has cultural meaning; that is, a meaning that arises from within
the teaching and learning situation at upper secondary school. This cultural meaning
involves subject-specific ways of communicating, as well as subject-specific ways of
reasoning, teaching and learning within the subject of chemistry. The research for the
thesis was conducted as a comparative case study at four different schools that were
selected for their overall variability in terms of student achievement level, city size and
student home languages. Two school systems were also represented (Swedish and
International Baccalaureate), but the topic of study was the same in all classrooms:
shift in chemical equilibrium. Through the use of concept mapping and filming,
students were followed as they made concept maps of their understanding of shift in
chemical equilibrium before a practical lesson on this topic and then discussed with
the teacher as they encountered the phenomenon in practice. A pilot study was con-
ducted at a fifth school to test the feasibility of the study design. To ensure the credi-
bility of the results, a triangulation approach to establish internal validity was adopted
where concept maps were checked against student—teacher dialogues to look for dis-
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crepancies between the written and the spoken word, and teachers were also asked to
verify both the authenticity of a sample of the concept maps as well as the authentici-
ty of their conversations with the students.

The purpose of the analysis was to elaborate on the role of language in sensemaking
in chemistry, and how teachers can promote sensemaking through language. My first
focus was to look at how students of different achievement levels and language com-
petencies fare in the chemistry classroom in terms of making sense. My second focus
was to find specific teacher—student interactions that are beneficial to sensemaking
and that can be used as a model for teachers who wish to help their students make
sense of what they see in the chemistry classroom. This thesis will show how students
of various achievement levels and language competencies use language to make sense
of chemistry on their own, but also how four experienced teachers organise dialogical
sensemaking during practical work.

1.4 Outline of the comprehensive summary

This is a compilation thesis consisting of two parts: a kappa (comprehensive sum-
mary), and four original papers. The presentation of the chapters below provides an
outline of the kappa.

Chaprer I introduces the thesis and its point of departure, its focus and its objective.
This chapter introduces issues with teaching and learning chemistry as problems of
using language to make sense of chemistry. My focus is presented as exploring student
sensemaking in chemical equilibrium in relation to language use and previous chemis-
try achievement, as well as how teacher—student sensemaking can be achieved in the
classroom.

Chapter 2 positions the thesis as belonging both to science education and chemistry
education and discusses the main aspects of the research fields that the thesis touches
on. These research fields include the chemistry triplet, laboratory learning in science,
the role of language in science learning, sensemaking, and learning of chemical equi-
librium.

Chapter 3 provides the aim and research questions of the thesis.

Chaprer 4 introduces the different theoretical perspectives that have been merged in
the thesis; that is, the Vygotskian perspective on learning, conceptual and sociological
perspectives on sensemaking, and the chemistry triplet. These three theoretical per-
spectives are related to establish a theoretical framework for sensemaking in chemistry
from a Vygotskian perspective.

Chapter 5 focuses on methods and methodology and introduces the case study re-
search approach and the overall setup of the data collection. It also discusses sam-
pling, the approach to data analysis, the methods used for the thesis, and ethical con-
siderations. I discuss the choices made for the thesis in terms of methods and meth-
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odology and the reasoning behind them. I also elaborate on the methods and meth-
odology to a greater degree than was possible in the articles due to word limitations.

Chapter 6 summarises the results of the articles included in the thesis. It provides an
overview of the findings regarding language use and sensemaking in chemical equilib-
rium, previous assessed achievement level and sensemaking in chemical equilibrium,
symbols and sensemaking. The chapter also offers an overview of findings on teachers’
strategies in managing sustained sensemaking in chemistry during student—teacher
conversations while students study shift in chemical equilibrium.

Chapter 7 discusses the benefits of the Vygotskian perspective on sensemaking, the
impact of student language on sensemaking achievement in chemistry, and meaning-
ful learning in chemistry in relation to sensemaking. Teacher—student sensemaking is
also discussed in relation to Vygotskian theory, as well as the role of symbols and
other tools, and the students’ academic self-concept. Finally, I discuss the limitations
of the study, my conclusions from the data, and possible implications for theory and
practice.

Chapter 8 presents a summary of the thesis in Swedish, which includes an introduc-
tion, a brief overview of the theories that have been used, the methodological ap-
proach, an overview of the results, a summary of the discussion and the final conclu-
sions of the thesis. This concludes the kappa, or the comprehensive summary, of the
compilation thesis.

The original papers included in the compilation thesis are outlined below.

1.5 Overview of the different studies

In Paper I, which was a pilot study, I examined the utility of the concept mapping
setup, both for the study and as a classroom tool. I did this through looking at how
the students in the study interacted with the concept maps and also how the concept
maps could possibly be analysed through an initial round of coding. A focus of this
study was how the students defined symbolic meanings and felt they understood the
differences among observations, symbols and theory.

In Paper II I utilised a Vygotskian (1934/1987) perspective on sensemaking to look
at how the students connected the everyday, experiential concept of ‘colour change’
with the scientific concept system of chemical equilibrium while making sense of
shifts in chemical equilibrium in their concept maps. I also looked at how this aspect
of sensemaking (connecting everyday and scientific concepts) related to their language
use.

In Paper II1, I looked at sensemaking through the chemistry triplet lens (Johnstone,
1991; Taber, 2013) and looked at how both student achievement level and use of
language were related to how they made sense of shift in chemical equilibrium in their
concept maps through organising and connecting among observations, symbols, and
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theory. I also looked at the relationship between student language use and their previ-
ously assessed achievement levels.

In Paper IV, using the concept of sensemaking both from a science education per-
spective (Odden & Russ, 2019) and a sociological perspective (Weick, 1995), I stud-
ied how four experienced chemistry teachers helped their students make sense of
chemical equilibrium through conversation analysis. Specifically, I studied how the
teachers managed to sustain sensemaking through probing gaps and helping the stu-
dents connect concepts, while at the same time presenting the students as competent
contributors in the interaction.

Chapter 2 presents an overview of the previous research relevant to this study and
positions my research in relation to this literature.
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2 BACKGROUND

2.1 Positioning of the thesis

The research field of educational sciences is a transdisciplinary field that encompasses
a wide range of research topics: educational history; educational systems, curriculum
and governance; ethics and moral issues related to democratic values; learning psy-
chology and group sociology; teaching and learning processes, both general and sub-
ject-specific; teacher’s professional work; and studies on the effects of reforms and
productivity in learning (Askling, 2006, pp. 30-31). The present thesis belongs to the
dimension of educational science that researches subject-specific teaching and learning
processes and uses concepts from both science education and chemistry education
research. The thesis is positioned in relation to these research fields below.

2.1.1 DPositioning of the thesis in relation to
learning theories in science education

Within science education, learning theories have traditionally been rather learner-
centred. Two influential learning theories are conceptual change theory (Strike &
Posner, 1985) and generative learning theory (Osborne & Wittrock, 1985), both of
which have their roots in cognitivism. Some researchers have also introduced soci-
ocultural theory into science education, for instance through studies of language gen-
res in the science classroom dialogue and studies that focus on how multimodal lan-
guage can convey meaning (Jakobsson, 2012; Lemke, 1990; Mortimer & Scott, 2003;
Nygard Larsson & Jakobsson, 2020; Pozzer & Roth, 2020; Staarman & Mercer,
2012), but the recognition of the importance of context to the learning is a more
recent development (Duit & Treagust, 2012; Mercer, 2008). Here I provide a very
brief review of early cognitive learning theories that have shaped science education.
The conceptual change theory (Strike & Posner, 1985) forms the basic assumption,
influenced by the writings of Piaget (Blunden, 2013, pp. 53—54), that children carry
with them naive ideas, or misconceptions, about the natural sciences and that these
ideas need to be replaced through education (learning through cognitive conflict).
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According to Strike and Posner (1985), ‘All knowledge originates in experience’ and
‘Knowledge is additive and bottom-up’ (p. 213). Hence, according to the conceptual
change theory, individuals learn from interacting with their environment through a
continuous revision of models based on changes in their experience. From this per-
spective, the teacher is seen as a facilitator of experiences and the learner becomes the
focus of the research. Learners are assumed to follow similar paths to learning as the
science field, and experience paradigm shifts much like in the field of science (Kuhn,
2012). To accommodate a new principle, students must be dissatisfied with a current
conception, have some understanding of the new conception, be convinced by its
plausibility and find it useful for research (Strike & Posner, 1985, p. 216). Conceptu-
al change theory has been very influential within science education and has given rise
to an abundance of competing theories on the process of how students construct con-
ceptions (Potvin et al., 2020).

The generative learning theory (Osborne & Wittrock, 1985; Wittrock, 2010) is al-
so essentially constructivist, but adds to Strike and Posner’s model the importance of
previous experience to how the learner interacts with new information input. In the
generative learning theory, the previous knowledge of the learner is considered vital in
terms of a learner’s sensemaking, what is selected by the learner’s attention, and how
knowledge is constructed by the learner in any learning situation (Osborne &
Wittrock, 1985, pp. 64-65). In this learning situation, the teacher also becomes a
guide in directing attention and facilitating memory storage through providing a
multitude of different sensory experiences for the student. Emphasis is also placed on
the active processes involved in knowledge construction, the assumption that learners
are intrinsically motivated to constantly construct knowledge, and the importance of
evaluation of constructs through experimental practice (Osborne & Wittrock, 1985,
pp- 75-76). Hence, compared to the conceptual change theory, the generative learn-
ing theory emphasises the importance of the teacher as a guide.

Although the research on learning in science has traditionally focused largely on the
ideas of the individual, the above-mentioned individual constructivist approaches
(Duit & Treagust, 1998) have seen it broaden into more situated perspectives recent-
ly (Duit & Treagust, 2012). Current research in science learning can be seen as com-
ing from a spectrum of epistemological positions of learning theories that regard
learning differently, ranging from learning as individual and cognitive to learning as
social, discursive and culturally based, where knowledge is regarded as externally dis-
tributed (Alexander, 2007). Learning situations are a common topic of study, such as
in sociocultural research (Jakobsson, 2012). Within physics education research, Piet
Lijnse (2010) is noteworthy because he has problematised assumptions within the
research field regarding particulate understanding and what meaning making in the
classroom entails, and has pointed to partial intersubjectivity of meaning between
teacher and student as a source of researcher-proposed alternative conceptions.

Due to these different epistemological perspectives, some researchers are directly
opposed in terms of how they believe knowledge is generated (socially or in the mind)
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(Alexander, 2007). Neil Mercer (2008) pointed out that, from the perspective of so-
ciocultural theory and research, there is clear evidence of the importance of dialogue
in driving conceptual change, but that this aspect of conceptual change needs further
investigation. Mercer further argued that there is a need in the research literature for
the use of multiple research perspectives and analytical frameworks to shed more light
on this issue (p. 361).

For the present thesis, where the focus is on language use in sensemaking and
sensemaking in teacher—student-interaction, the research follows the tradition of stud-
ies in science education on learning context and dialogue that have an underlying
assumption that learning originates in social interaction rather than individual reason-
ing. These sociocultural perspectives on learning do not prescribe to the Descartian
view of mind/body-dualism, but consider cultural tools and artefacts in the material
world as important mediators of thought (Jakobsson, 2012). These theoretical per-
spectives are based on a Vygotskian view of learning, but can have more or less of a
focus on physical artefacts and communities as mediators of thought (ibid.). In addi-
tion, these perspectives include viewpoints that prescribe to more or less of an insepa-
rability between the individual and the collective (Daniels, 2008), up to a point where
knowledge is assumed to only exist in the space between individuals rather than in the
mind (Alexander, 2007). These widely differing viewpoints on learning within the
sociocultural field can be attributed to some Western researchers taking on the activi-
ty theory perspective that merges cognition and behaviour, where ‘psyche as activity

. is replaced by the psyche within activity’ (Zinchenko, 2004, p. 33). However,
Vygotsky’s original view was capable of including both cognitive and social aspects on
learning in his theory of thinking and speech and studying the relation between them
(Miller, 2011; Vygotsky, 1934/1987). Due to the focus on both individual sensemak-
ing and social interaction in this thesis, I have chosen to adopt a more Vygotskian
approach to how I view learning, as this view is able to incorporate both individual
reasoning and learning in interaction. The Vygotskian view on learning will be elabo-
rated on in Chapter 4.1, and how this view be related to sensemaking is considered in
Chapter 4.2. However, aspects of the chemistry triplet, originally a cognitivist ap-
proach that has become a learning theory in its own right within chemistry education
research (Johnstone, 1991, 2006; Taber, 2013), have also been incorporated into the
theoretical basis for the thesis. The chemistry triplet, which is used as a framework to
outline the knowledge domains chemistry students need to navigate as part of learn-
ing chemistry, will be elaborated on in the next chapters, where I delve further into
chemistry education as a research field.
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2.1.2 DPositioning of the thesis in relation to
learning theories in chemistry education

Taber (2019) proposed that, based on indicators such as having its own international
journals, conferences, chairs, and research groups, chemistry education research
(CER) can be regarded as a research field in its own right. Although theoretical per-
spectives are wide-ranging in the field, challenges with learning specific to chemistry
mean that the field also has a well-established focus on the chemistry triplet and the
role of models and modelling (ibid.). The reason for this is that that the understand-
ing of models, and how to use models to explain and predict phenomena is essential
for making sense of chemistry (Taber, 2010). The particular challenges for chemistry
learners are caused by the fact that they are introduced to numerous models during
their studies, many of which are changed into more complex models as the education
progresses (ibid.). This is due to chemistry educators needing to adopt a pragmatic
approach to teaching and use understandable models that are useful and work within
the teaching context (ibid.). However, this simplification can lead to aspects of the
new models coming into conflict with previously taught models, which impedes
learning (ibid.). Therefore, according to Taber (2019), it is important to distinguish
the chemistry education research field from the science education research field, as
CER largely aims to explore issues with learning that are particular for chemistry ra-
ther than examining general principles for learning within the context of the chemis-
try classroom. The field is outlined below.

Lecturers in chemistry were initially sceptical about pedagogical theories. When the
research field of CER was formed, most research articles focused on lecturer’s personal
teaching practices and laboratory exercises, where learning was assumed to emerge
from practice (M. M. Cooper & Stowe, 2018). However, there was a paradigm shift
in the research field in the mid-20th century towards constructivist theory (mostly
inspired by Piaget’s research on children), and a lot of the recent research in the field
has focused on student-centred learning and the relationship between students and
learning materials (ibid.). Twenty-first century research has had an increased focus
again on what Cooper and Stowe (2018) called expert practice, although the focus is
now on how experts in the field think and how students can be helped to think in the
same way. According to Anderson and Schénborn (2008), expert conceptual under-
standing has the following central aspects: mindful learning (as opposed to rote learn-
ing), integrating knowledge to create sound explanations, transferring knowledge for
novel applications, using analogies in reasoning, and being able to evaluate both local
and holistic effects with regard to chemical reactions. Central to this aspect of the
chemistry education research field is the chemistry triplet that Johnstone (1982,
1991) proposed to describe thinking in chemistry. This model focuses on the ‘triangle
of levels of thought’ (Johnstone, 1991, p. 78; see Figure 1) covered by teachers of
chemistry: the macroscopic or experiential, the symbolic or representational, and the
submicroscopic or theoretical. For experienced chemists, these knowledge domains
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are often integrated in conversation, which can be hard to follow for learners (John-
stone, 1991, 2006; Stieff et al., 2013). The focus on knowledge integration as expert
practice in terms of thinking has led to prolific research, where the research on the use
of representations in chemistry education as well as the use of models and modelling
is prominent (M. M. Cooper & Stowe, 2018). Other research in the CER field has
focused on learning sequences, online learning, curriculum design and issues with
societal relevance of the subject and context-based learning. However, a common
focus for a large majority of CER is small quasi-experimental studies, which makes it
hard to draw solid conclusions about learning in chemistry from the research being

produced (ibid).

MACROSCOPIC
LEVEL
(Experiential)
SUBMICROSCOPIC SYMBOLIC
LEVEL LEVEL
(‘Atoms, molecules, ions’) (‘Symbols, formulae, equations, graphs’)

Figure 1. The chemistry triplet, showing the thought levels of experience (macroscopic), representation (symbolic)
and explanation (submicroscopic) involved in ‘multilevel thought’ (Johnstone, 1991, p. 78). Image based on models
proposed by Johnstone, 2006 (p. 59) and Johnstone, 1991 (p. 78).

However, there are some general trends in the chemistry education research in terms
of recommendations for best teaching practices. In a report to the National Research
Council, summarising research produced between 2000 and 2010, Towns and Kraft
(2011) argued that three conclusions can be drawn. Firstly, in general, students do
not develop strong modelling skills (such as the ability to mediate particulate think-
ing) during their time in education, but this can be helped by the use of animations
in class. Secondly, there is widespread support in the research literature for active
small-group learning. Thirdly, low-achieving students’ motivation and belief in their
own abilities in chemistry decrease over time, whereas high-achieving students’ moti-
vation and belief in their own abilities increase over time. In a more recent review, M.
M. Cooper and Stowe (2018) added that, first, visualisations and animations may
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improve student capabilities for modelling but do not necessarily improve test per-
formance; second, that social, active learning is especially effective for low-achievers
and women, but mixed-achievement groups is a necessary prerequisite (the author’s
link this connection to Vygotsky’s theories of social learning); and, third, that despite
all the online learning tools and technologies available to chemistry teachers, there is
little support in the research for their effectiveness — rather, attempted online courses
have shown very low pass rates. Towns and Kraft (2011) also pointed out the wide-
spread lack of meaningful reasoning of students, even at university level, and M. M.
Cooper and Stowe (2018) pointed out that students often fall back on surface-based
mechanistic approaches rather than in-depth reasoning when solving problems. This
is in line with Anderson and Schénborn’s (2008) definition of novice approaches to
learning as fragmented knowledge leading to formula-based solutions.

Bretz (2008) noted that one problem with the chemistry education research field
being dominant in constructivist thinking and quasi-experimental methodology is the
poor understanding for qualitative research. This leads to a need for in-depth explana-
tions of its utility and purpose to convince chemistry education researchers of its use-
fulness, where failure to provide best recommendations for evidence-based practice
can be regarded as failure of the research project (ibid.).

In essence, the CER field can be viewed as having emerged from a heavily Anglo-
American tradition with a strong focus on learning psychology (Kansanen et al.,
2011). The Swedish research field that is educational science with its broader focus on
learning and learning context can be seen as a little different, from a CER perspective.
In addition, the Swedish educational science research is, due to its dominant focus on
learning processes rather than learning outcomes (Askling, 2006), more likely to be
qualitative compared to CER. In terms of its broader perspectives, the field of science
education research can be viewed as a more similar field to the Swedish educational
research field in terms of breadth and outlook.

In my research project, I have chosen a qualitative perspective on learning, where I
use a comparative case study to look at learning in chemistry in different classrooms
on the topic of chemical equilibrium. I have chosen to focus on sensemaking and the
scientific language use of learners, and I am interested in questions such as how stu-
dents make sense of chemistry and how participation in learning and learning interac-
tions between teachers and students is related to classroom learning. Coming from a
Swedish educational research perspective, I have chosen to look at the contextual
facets such as achievement level and language use, as well as the social interaction
embedded in the learning process in the classroom. At the same time, I use the model
of the chemistry triplet (Johnstone, 2006), in combination with theories on sense-
making in science (Odden & Russ, 2019a) and concept development from a sociocul-
tural perspective (Vygotsky, 1934/1987), to understand sensemaking in the class-
room. My focus on how students learning chemistry at upper secondary school make
sense of chemistry through connecting phenomena and theoretical models can be said
to be well grounded in CER research. Specifically, I focus strongly on how students

28



describe chemical equilibrium, by themselves and in teacher—student dialogue, and 1
also look at how teachers and students use language, symbols and theoretical models
to mediate concept formation as part of sensemaking. This practice involves multi-
modal meaning making, which is a well-established field in science education (Lemke,
2005), but CER also has a strong focus on the use of representations and models in
learning due to the nature of the subject, as I mentioned previously. However, despite
their focus on symbols and models, theories in CER are constructivist and focused on
individuals as learners separated from the environment (M.M. Cooper & Stowe,
2018). I differ from the constructivist perspective in that use sociocultural perspec-
tives on learning with a focus on language as a socially and culturally developed tool
for thinking (Vygotsky, 1934/1987), which can be seen as oppositional to the Piage-
tian theories used in the CER field that prescribe to mind/body dualism (that is, sepa-
rating the mind and the material world) and sees thinking as isolated in the mind
(Jakobsson, 2012).

Traditionally, Swedish researchers in chemistry education have tended to utilise
both the science education research field and the chemistry education research field in
their work (e.g. Broman et al., 2018; Broman & Parchmann, 2014; Dudas et al.,
2022; Hamza & Wickman, 2008; Patron et al., 2017). The work presented in this
thesis follows this research tradition, where different aspects of the results are ex-
plained either within the context of the chemistry education research field, or within
other contexts such as the science education field. However, the focus of the thesis as
a whole is on chemistry education as a subfield of teaching and learning with its own
unique challenges, using the teaching and learning of chemical equilibrium as an
example. Chemical equilibrium is an ideal example of a learning topic that causes
difficulties for learners due to issues with learning models, as learners are introduced
at secondary school to reactions as proceeding from reactants to products, at upper
secondary school to reactions as reversible, and at university level to reactions from a
thermodynamic perspective (more on this in Section 2.6).

2.1.3 The chemistry triplet model for learning

The concept of sense and sensemaking has clear importance for learning in chemistry,
as students often struggle with learning chemistry concepts (De Jong & Taber, 2007;
V. Kind, 2004; Talanquer, 2015). It has been well established that students of chem-
istry often have difficulty differentiating between the macroscopic (observable) and
the particulate worlds, and in effectively using the symbolic language of chemistry
(Andersson, 1990a; Ben-Zvi et al., 1988; Gabel et al., 1987; Johnstone, 2006; Ta-
lanquer, 2008; Treagust et al., 2003). For instance, Stieff, Ryu and Yip (2013) stud-
ied classroom discourse from the perspective of teachers and students reaching inter-
subjective agreement (mutual agreement of meanings) and they confirmed that teach-
ers and students can face difficulties in establishing a common understanding regard-
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ing words such as ‘water’, with learners tending to remain on the macro level due to
the failure of the teacher to produce ‘explicit re-orienting moves to resolve levels con-
fusion’ (p. 387). Talanquer (2015) proposed that focusing on threshold concepts in
chemistry teaching, such as chemical equilibrium and chemical bonding, can help
students navigate the macroscopic and particulate realms as they implicitly foster
thinking about chemical events as complex, dynamic systems rather than for instance
causal or homogenous processes.

Within chemistry education, the idea of the chemistry triplet, originally presented
by Johnstone (1982, 1991), has become a paradigm for defining what sensemaking in
chemistry entails (Talanquer, 2011), and has been used as a theoretical framework for
the study of meaningful understanding of classroom discourse (see, for instance,
Stieff, Ryu, & Yip, 2013). As a model, the idea of the chemistry triplet has been use-
ful for identifying issues in chemistry teaching and learning that deal with difficulties
students face trying to differentiate between the macroscopic and the particulate
(Ben-Zvi et al., 1988; Gabel et al., 1987; Johnstone, 2006; Stieff et al., 2013; Ta-
lanquer, 2008). Originally postulated as a model for ‘multilevel’ thinking within the
chemistry domain, but also applicable with some adaptations to the domains of phys-
ics and biology (Johnstone, 1991), the triplet model divides the thinking about chem-
istry into three levels: the ‘macroscopic’, experiential level, the ‘symbolic’, representa-
tional level, and the ‘submicroscopic’, theoretical/particulate level (see Figure 1). Ef-
fective use of all three levels is necessary for comprehension and communication of
knowledge about a chemical process (Taber, 2013). Hence, the model can be used as
a framework to map how students use or do not use the different knowledge domains
of chemistry as they make sense of chemistry phenomena.

Johnstone proposed that students have difficulty learning chemistry because they
have problems traversing the three thought levels of ‘macro’ (what is being experi-
enced or described), ‘symbolic’ (where signs are used to represent ideas) and ‘submi-
cro’ (where phenomena are being explained through particulate models, ‘the molecu-
lar, atomic and kinetic’; Johnstone, 1993, p. 702) for any given concept (Johnstone,
1991; Talanquer, 2011). Johnstone (1991) visualised the learning situation using the
same triangle (see Figure 1), proposing that the student can have difficulty navigating
the triangle without help, whereas the teacher stands on the inside and utilises all
levels simultaneously. Based on this model for how to think about why students find
chemistry difficult, Johnstone (2006) connected his theory of the triplet to cognitive
theories on working memory.

Working memory and fluid intelligence (reasoning capacity, or non-verbal reason-
ing skills) are highly related when it comes to problem-solving, and is also predictive
of learning in various disciplines (Engel de Abreu et al., 2010; Shipstead et al., 2016;
Yuan et al., 2006). There is general agreement amongst cognitive scientists that work-
ing memory (previously known as short-term memory) has separate storage for pho-
nological (acoustic or verbal) information and visuospatial (visual and spatial) infor-
mation (Yuan et al., 2006). The ability to reason using mental representations held
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into focus by working memory is a general capacity (Shipstead et al., 2016). However,
this ability is particularly important to chemistry learning because of the many repre-
sentations and models that need to be coordinated. Research has shown that it is pri-
marily visuospatial working memory that is correlated to and predictive of chemistry
performance (Harle & Towns, 2011; Rhodes et al., 2016). Johnstone observed (2006,
p. 78) that much teaching in chemistry takes place simultaneously at all three concep-
tual levels of chemistry (see Figure 1), which he proposed meant overloading a stu-
dent’s working memory as each conceptual level took up working memory space.
Johnstone also showed, in several studies, that student performance in chemistry was
heavily dependent on working memory space, which is indicative of rote learning
rather than deep learning (reviewed in Johnstone, 20006).

Researchers have interpreted the triplet model in various ways, with the three as-
pects of the triplet interpreted both as levels of representation and as a mixture of
concepts and representations (Talanquer, 2011). Using a constructivist perspective,
Taber (2013) proposed a solution to this ontological difficulty, dividing the triplet
into three domains of knowledge: experiential, macroscopic (theoretical and descrip-
tive), and submicroscopic (theoretical and explanatory). He proposed that Johnstone’s
symbolic domain of thought can be utilised as a linguistic resource to communicate
about and transfer between these different knowledge domains (see Figure 2).

EXPERIENTIAL
(Everyday)

Symbolic transfer

MACROSCOPIC SUBMICROSCOPIC
(Theoretical, descriptive (Theoretical, explanatory
and scientific) and scientific)

Figure 2. An overview of Taber’s (2013) proposed development of the triplet model, where a division is made
between the domains of the everyday/experiential, and the macroscopic/scientific/descriptive, in terms of the larger-
scale, tangible world of the chemist. In Taber’s (ibid.) suggestion, the submicroscopic domain is kept as the
explanatory domain, and the symbolic domain is utilised to transfer between three domains depicted in the triangle.
For instance, the descriptive macroscopic theoretical level and the explanatory submicroscopic theoretical level can
be bridged by using chemical equations during discussions. These two levels can then be related to the everyday,
descriptive, experiential conceptual level through a shift from scientific to everyday language (Taber, 2013). This
image is a simplification; for the full model, see Taber (2013, p. 165).
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According to Taber (ibid.), learning, speaking and doing chemistry means that the
language of chemistry is utilised to relate the different conceptualisations to what is
being experienced. Therefore, learning chemistry is heavily dependent on learning this
language (ibid.). Following this reasoning, using the language of chemistry as well as
everyday language to relate between theory and experience is not only representative
of what chemistry is all about, but also becomes the learning objective for every sub-
topic of chemistry being taught. However, a sociocultural perspective on how the
chemistry triplet relates to concept development through language use has not yet
been proposed.

Although Johnstone himself proposed the use of information-processing learning
models to solve the issues in chemistry learning (Johnstone, 1993, 2006), supporting
students to traverse knowledge domains can also be viewed as a support for abstrac-
tion and conscious awareness, which according to Vygotsky is support and learning
within the zone of proximal development (ZPD) (Gredler, 2012). In addition, triplet
classroom exercises can also be viewed as introducing students to an expert practice
steeped in the cultural tradition of chemistry (Kozma & Russell, 2005), and triplet
talk between teachers and students can be viewed as learning how to think in chemis-
try through talk with others (Mercer, 2013).

Studies on dialogic discourse have shown that explicit language scaffolding in class-
rooms that involve triplet transitions are successful in promoting learning (Becker et
al., 2015; Chiu et al., 2002; Jaber & BouJaoude, 2012; Warfa et al., 2014). It has also
been shown that using an adapted version of the triplet to stimulate student metacog-
nitive reflection can lead to changes in how students think about chemistry and ap-
proach connecting between the different triplet knowledge domains (Thomas, 2017).
Hence, it is necessary to take the triplet as a model into account when dealing with
sensemaking in chemistry, both in terms of relating to the research in chemistry edu-
cation and in terms of following a ‘best practice’ when it comes to classroom interven-
tions. In this thesis, the triplet has been reinterpreted from a sociocultural perspective
to study the relations among context, language use and the integration of knowledge
as part of learning (see Chapter 3.2-3.3). Because the focus was to use this perspective
to study the learning of chemical equilibrium in the laboratory, the next section will
elaborate on the laboratory as a learning environment.

2.1.4 The chemistry laboratory as a learning environment

The laboratory has great potential in terms of learning about chemical concepts, as it
offers an opportunity for reasoning within and between all conceptual levels in chem-
istry. According to Strike and Posner (1985), the laboratory milieu can also provide
an environment for supporting new conceptions, since ideas can be tested and
deemed plausible and fruitful if the experiment is successful. The laboratory, with its
possibility of giving students an opportunity to connect the observable properties of a
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substance with explanatory models of particles through collaborative practice, should
be an ideal place for students to be helped to make sense of threshold concepts such as
chemical equilibrium. However, there are some issues with teaching through labora-
tory work. Teachers are often disappointed with the outcome of conceptual learning
from lab work (Séré, 2002). In many ways, the practical setting, where learning aims
are a mixture of conceptual learning and the learning of practical skills, becomes a
mystifying practice for students where the objects that are used are complex, and un-
derstanding how to use them and why requires a separate set of theoretical concepts
(ibid.). Therefore, objects within the laboratory can be carriers of implicit theory and
students are expected to analyse the data they collect based on theory that may not be
explicitly stated. For instance, during a biochemistry practical lesson, matters such as
how absorbance measured in a spectrometer is related to the concentration of pro-
teins, and why the concentration is measured at a certain wavelength, may not be
explained to a student who needs to measure protein concentration before an experi-
ment. In addition, in many laboratory classrooms, theoretical concerns tend to be less
attended to when students are faced with practical matters and are set on finishing
their protocol (reviewed in Hofstein & Lunetta, 2004). Hence, it has been suggested
that it is crucial to understand how context influences learning through practical work
to help science teachers in their daily practice (Hofstein, 2017).

These concerns about laboratory learning are not new; the effectiveness of laborato-
ry lessons has been questioned for decades, as qualitative and quantitative studies of
learning show that students recollect very little from these lessons (Abrahams & Mil-
lar, 2008; Lunetta et al., 2007). When students interact with artefacts as part of scien-
tific experiments, they appear to lack the conceptual knowledge required to interpret
the experiment correctly on their own (Gunnarsson, 2008; Gunstone, 1990; Gun-
stone & Champagne, 1990; Lidar, 2010; Roth, McRobbie, Lucas, & Boutonné,
1997). It may be that teachers’ views of learning and their execution of the classes
based on these views also affect student learning, as can be shown in a case study of 25
laboratory lessons in England (Abrahams & Millar, 2008, p. 1965), where teachers
expected students to deduce the correct theoretical knowledge from experiments as
long as they were executed correctly. Unfortunately, students did not recollect learn-
ing any theory at all during these lessons.

Since the effectiveness of laboratory lessons have been questioned by researchers, the
mainstream execution of laboratory lessons has also been questioned due to the cost
involved, and greater emphasis has been placed on the value of laboratory lessons to
teach the nature of science as what a scientist does, as well as improving students’
conceptual learning through more socially oriented practices such as posing questions,
arguing, explaining and reflecting (Lunetta et al., 2007; National Research Council,
20006). According to a recent review by Gericke et al. (2022), the success of learning
in the secondary-school laboratory depends largely on how the teacher plans the prac-
tical work and supports the students in reflecting about the theory and the learning
goals. Specifically, the complexity of the student task, both in terms of inquiry level
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and variables being measured, needs to be adapted for the student group and context
(ibid.). In addition, the teachers need to support student reflection through a counter-
questioning practice, integrate student writing, and encourage collaborative work
(ibid.). Finally, Gericke et al. (2022) pointed out that the research shows that stu-
dents have difficulties connecting theory with practice, and that they need to be both
theoretically and practically prepared in order to successfully execute an experimental
procedure.

However, just because research shows that learning in the laboratory is challenging,
this does not mean that practical work is not important for learning. Based on the
triplet understanding of chemistry (Johnstone, 1991; Taber, 2013), the laboratory
environment where observations are made and discussed could be a crucial environ-
ment for developing the basic reasoning skills of chemistry, or, as described by Kozma
and Russel (2005), the essential ‘multi-representational competencies” of the chemist.
Hence, it is necessary to study how practical lessons can influence the development of
students’ reasoning abilities in chemistry, as this is key to meaningful learning in the
subject. By promoting paths to meaningful learning, schools and universities can
provide students with tools for long-term success in science subjects.

In this research study, I chose the school chemistry laboratory as a learning context
because of its potential in terms of sensemaking related to learning about chemical
equilibrium as a concept. Because of the historical problems with school laboratories
as learning environments, I also believed that studies of successful practical learning,
as well as studies of the role of language use in sensemaking in the laboratory, could
contribute to science education research from a more general perspective.

2.2 Perspectives on language use
and learning from the science education
and chemistry education research fields

2.2.1 The role of language in science learning

2.2.1.1  How the characteristics of the language of science influence teaching and learning

The role of language in science learning has been studied from many different per-
spectives. Carlsen (2007) divided these perspectives into four contemporary research
approaches, but also noted that they overlap and that one should look at these per-
spectives as having different emphasis on what is being studied (p. 58):
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o Vygotskian (the study of language, conceptualisation and word meaning)

o Conceptual change theory (the study of the differences between individual
and public knowledge of science concepts)

o Sociolinguistics (the study of language discourse as derived from its cultural
context; that is, local norms and practices; this perspective includes the so-
ciocultural tradition)

o Situated learning (the study of learning as a social activity, including learn-
ing within communities of practice).

The theoretical underpinnings of these research approaches vary, from the construc-
tivist approaches that are more associated with conceptual change theory to the
Vygotsky-based perspectives on learning, such as the sociocultural tradition and situ-
ated learning (Carlsen, 2007; Daniels, 2008). Here, a fundamental difference can be
seen in views on thinking within research on the role of language in science educa-
tion. Some perspectives view thinking as mediated and learning that is based in social
interaction (Vygotskian and sociocultural perspectives; Vygotskian theory will be
elaborated on in Chapter 3), whereas the conceptual change approach argues that
knowledge resides in the mind and grows as a result of learners interacting with their
environment (see theories in science education; Section 2.1.2). Following Carlsen’s
(2007) perspective, sociolinguistics and situated learning perspectives appear to be
more focused on human activity from a societal or systems perspective, whereas
Vygotskian studies focus more on language use and meaning. From a methodological
perspective, this can be seen clearly in the difference between the Vygotskian perspec-
tive and the situated learning perspectives. For Vygotsky, the language is a tool for
internal action; that is, a tool for mastering one’s thought and developing the mind
(Vygotsky & Luria, 1930/1994), whereas the situated learning perspectives look at
language as one of many tools that mediate outward action (Miller, 2011; Zinchenko,
2004). This latter perspective has emerged from Leont’ev’s activity theory, and alt-
hough some researchers claim this perspective is Vygotskian (which Leont’ev initially
proposed; van der Veer & Valsiner, 1993), the perspectives are clearly different with
regard to the importance put on various forms of tools. The choice of which one to
use has implications for what is being studied and for what conclusions can be drawn.

One problem with dividing research into perspectives such as the one above is that
it can obscure what Vygotsky’s purpose was with his research on thinking and speech.
Vygotsky was primarily concerned with the tendency in psychology to study aspects
of the human mind in isolation (Vygotsky, 1934/1987). He wished to adopt a holist
approach that would allow for the study of the interaction of different functions of
the individual, while he was also aware of the importance of the social environment
for the development of human thought (ibid.). Instead of viewing thinking and
speech as separate aspects of psychology, Vygotsky viewed the word as a unit that still
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contained aspects of the whole (ibid.). According to Vygotsky (1934/1987) ‘it may be
appropriate to view word meaning not only as a unity of thinking and speech but as a
unity of generalization and social interaction, a unity of thinking and communication
(original emphasis)’ (p. 49). Based on his reading of Vygotsky’s writings and note-
books, Rowlands (2000) made a convincing argument that Vygotsky viewed the
study of the word to be in line with Karl Marx’s study of value in Capital; that is, the
study of a unit that can illuminate the structure of a whole system. In Vygotsky’s
(1934/1987) own words, ‘Consciousness is reflected in the word like the sun is re-
flected in a droplet of water ... The meaningful word is a microcosm of human con-
sciousness’ (p. 285).

Another important aspect in relation to the various research perspectives above is
the varying emphasis these perspectives put on the individual and the social in terms
of learning. Whereas conceptual change theory takes on a purely individualistic ap-
proach, seeing knowledge as ‘in the mind’ (Alexander, 2007, p. 69), sociolinguistic
perspectives — and, to an even larger extent, situated learning perspectives — can ques-
tion whether there is such a thing as individual knowledge (Alexander, 2007; Daniels,
2008). Vygotsky’s focus was very much on the individual (van der Veer & Valsiner,
1994), even though he studied the individual from the perspective of the dialectical
social-individual unit, which involves change and mutual interaction (Daniels, 2008).
Vygotsky’s dialectical stance is further elaborated on in Chapter 3.1.5.2.

This thesis can be said to follow the Vygotskian holist approach described above
through incorporating aspects of language use and reasoning, as well as aspects of
sociolinguistics, as Papers 1-3 focus on individual language use and sensemaking,
whereas Paper 4 describes the role of teacher—student discourse in conveying mean-
ing; that is, making sense (Carlsen, 2007). Hence, the thesis follows the Vygotskian
holist approach rather than the sociolinguistic (or sociocultural) approach as it retains
the focus on language as a mediator of thought (directly) and development (which is
implied through the theory rather than studied directly in this thesis). I chose the
Vygotskian perspective, partly because my data collection (which started before I
decided on the theoretical framework) was largely focused on language, and partly
because the development of thought through the use of language can be connected
through this perspective with the use of models and with learning in chemistry.
Chemistry as a subject is heavily dependent on students learning the language of
chemistry for learning and understanding the subject matter (Liu & Taber, 2016),
which explains my focus for the data collection. Because of the prominent role of
language in the thesis, I will now attempt to describe the role of scientific language in
student learning.

In many ways, teachers of science are also teachers of language, as they need to
teach both the way sentences are structured in science and the technical terms that are
being used as part of classroom communication (Fang, 2005; Lemke, 1990; Seah &
Silver, 2020). In general, the language of science is more complex than everyday lan-
guage. In addition to the words being used in the classroom, multimodal representa-
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tions form a critical part of the language used in science learning (Hand & Choi,
2010). Finally, gestures also have an important function in communicating science, as
they can make clear the meaning of multimodal representations (Ngo et al., 2022). As
students are learning, they can be observed to move from more muddled or changing
verbal descriptions to a more specific scientific discourse, and gestures can also help
students transfer from experiential to abstract communication (Roth & Lawless,
2002). Similarly, studies on language support for English language learners have
shown that scientific language can be described as becoming more explicit and precise
when these learners engage in collaborative classroom practices that include the de-
scription of phenomena (O. Lee et al., 2013, 2018, 2019; Quinn et al., 2011). Ac-
cording to O. Lee et al. (2019), when students learn the scientific language, they use
less deictic words like ‘this” or ‘here” and replace them with scientific words (increased
explicitness). They also learn to use scientific concepts in an appropriate way and in a
nuanced manner when they describe a phenomenon (increased precision) (ibid.).

Making sense from a science perspective requires a specialised literacy that involves
rapid movement across different linguistic modalities, such as verbal, symbolic and
mathematical (Lemke, 1998). The explicit, clear and precise nature of the scientific
language can also be said to reflect the values of the scientific community (Fang,
20006), although the style of the language can cause learning difficulties for students,
especially in heterogenous classes (O'Toole, 1996). Specifically, the use of complex
classroom language can reduce cognitive capacity for students (Rincke, 2011).

Three important factors for comprehension of a language are fluency, breadth of
vocabulary and knowledge of the language domain (that is, contextual knowledge)
(Hirsch, 2003). Hence, learning the language of science also requires learning from
experience when to use it and how, as it is situated within contextualised practices
(Gee, 2004). Knowing how to use contextually appropriate words is associated with
academic performance in science (Rector et al., 2013), and integrating science lan-
guage learning as part of teaching practices can bring significant improvement in
student achievement (Fazio & Gallagher, 2019). However, teachers need specific and
explicit support in order to develop their classroom practices (Seah, 2016).

In conclusion, there are many challenges facing learners of the language of science,
which can bring differences in language comprehension between students (O Toole,
1996), and inhibit cognitive capacity for students (Brown et al., 2019). Such chal-
lenges include negotiating everyday and scientific meanings (Rector et al., 2013;
Rincke, 2011), unpacking complex scientific grammar (Fang, 2006), learning the
meaning of scientific terms (Vladusi¢ et al., 2016) and symbols (Liu & Taber, 2016),
mastering the rapid movement between different modalities (Lemke, 2005), and
learning in which context certain scientific words are appropriate to use (Rector et al.,
2013; Seah & Silver, 2020). Hence, language itself can be a barrier when students
make sense of scientific phenomena. However, students who are able to participate
extensively in classroom reasoning through teacher—student interaction show signifi-
cant learning gains (Howe et al., 2019).
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2.2.1.2  Traversing everyday language and scientific language as part of science learning

To take part in learning, students need to shift between their everyday language and
the scientific language that is both a part of the science classroom dialogue and scien-
tific practices (Gee, 2004). The definition of ‘everyday language’ is not always clear,
however; Vygotsky defined everyday language as language learnt through everyday
experience (Vygotsky, 1934/1987), whereas Brown and Spang (2008) used the defini-
tion of vernacular language, meaning a social language that is spoken and understood
within a common culture. In most studies in the field, ‘everyday’ language is defined
as language used by the speaker as part of their everyday life.

Throughout schooling, students progressively learn how to ‘speak science’ (Lemke,
1990). In a study of children’s language with the cultural influence of the interviewer
minimised, everyday and scientific language was used interchangeably in primary
school, whereas in secondary school, pupils tended to use scientific language for scien-
tific explanations, possibly as they learned which discourse was culturally appropriate
(Blown & Bryce, 2017). The teacher plays a large part in controlling the discourse of
the classroom and can model the language use to be more or less accessible for the
students (Brown & Spang, 2008). However, the everyday language also plays a part in
the students’ learning, as movement between everyday and scientific discourse as part
of classroom learning can be used in teacher—student discourse as an exploratory rea-
soning practice (Nygard Larsson & Jakobsson, 2020). Everyday language has also
been shown to be used by students as a resource for refining scientific definitions
through the use of hybrid language (Olander & Ingerman, 2011).

According to Rees et al. (2021), as students develop their scientific understanding.
their words become more scientific and they also describe scientific theory more ex-
plicitly and precisely. In this way, they move from using a mixture of everyday and
scientific words to using scientific words correctly to describe events (ibid.). Although
Rees et al. (2021) claimed that a lack of scientific language impedes student learning,
it is also possible to follow Vygotsky’s (1934/1987) reasoning; namely, that word use
is indicative of the word meaning being mediated. From this perspective, the use of a
mixture of everyday and scientific language could be interpreted as scientific and eve-
ryday concepts moving towards one another as students attempt to express themselves
in a language that they understand.

Teaching in vernacular language — that is, replacing new scientific terms with ver-
nacular ones (for instance ‘glucose’ for ‘sugar’) and thereby modelling an interlan-
guage space for the students — appears to especially benefit second-language learners
(Ryoo, 2015). In addition, competence in negotiating different scientific and every-
day meanings also means paying attention to contextual cues: different meanings
reside within different discourses, which can lead to students having difficulties solv-
ing problems if they cannot identify the current discourse (Serder & Jakobsson,
2016).
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The developing segregation in the Swedish school system has led to increased ine-
quality in schooling (Yang Hansen & Gustafsson, 2016). Previous research shows that
speaking a different language at home from what is spoken at school is negatively
correlated with science achievement, whereas reading comprehension proficiency is
correlated with higher science achievement (O’Reilly & McNamara, 2007; Van Laere
et al., 2014), and students with less knowledge of science have been shown to have an
advantage when taking science tests if they are proficient readers compared to less
proficient readers (O’Reilly & McNamara, 2007). It has also been shown that general
literacy significantly increases the students’ likelihood of continuing in secondary
school science (Cooper et al., 2022). Finally, it has been shown that a student’s chem-
istry self-concept (the student’s feeling about their ability in chemistry) is highly de-
pendent on self-perceived chemistry language competency (Riischenpohler & Markic,
2020), and in turn, long-term achievement (Wu et al., 2021). Therefore, it is reason-
able to assume that language proficiency in general, as well as whether the students
speak the school language at home, will have a significant influence on both students’
school language use and on their achievement in science.

2.2.2  The role of language in chemistry learning

Chemistry itself also has a complex language, which includes the use of Greek/Latin
words, or everyday words, as well as technical language, symbolic language (including
chemical symbols, mathematics and diagrams) and subject-specific ways of communi-
cating with other chemists (Markic & Childs, 2016). Therefore, the complexity of
chemical symbols can make them hard for novice students to interpret (Liu & Taber,
2016), which could explain the connection between perceived chemistry language
proficiency and chemistry self-concept (Riischenpéhler & Markic, 2020). Gieske et
al. (2022) has shown that teaching a chemical concept in vernacular language before
introducing terminology is especially effective for learners with lower language com-
petencies, possibly because this reduces cognitive load (Brown et al., 2019).

Following the trend of the research in science education with regard to learning in a
second language and its negative impact on achievement, it has been shown that uni-
versity students studying chemistry in their second language produce less causal rea-
soning when writing arguments compared to students studying in their first language
(Deng et al., 2022). Second-language students have also been observed to utilise code-
switching (switching between their native language and the language of instruction)
during cognitively challenging tasks (Adams et al., 2015), possibly since learning
chemistry in a second language limits working memory capacity (Johnstone, 2006).

In terms of what could help second-language learners in the chemistry classroom, E.
N. Lee and Orgill (2022) have shown that these learners prefer to have their question
items designed with a highly organised visual appearance, illustrations, and scaffolded
sub-sections. This is different from native-language learners, who rely on language
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clarity and readability, indicating that second-language learners could be more de-
pendent on peripheral cues for understanding chemistry (ibid.). The fact that second-
language learners appreciate scaffolded, illustrated questions (ibid.) is in line with the
research showing that second-language learners experience higher cognitive loads in
the chemistry classroom and have a harder time identifying which information is
important (Johnstone, 2006).

Changing from lower secondary to upper secondary school in Sweden, the language
of chemistry in particular shows an increase in complexity with regard to becoming
more information-dense and containing longer words (Ribeck, 2015). It has also been
shown in Swedish classrooms that some teachers do not help their students traverse
between everyday and scientific languages (Hipkiss, 2014), which could add to the
difficulty that some Swedish students have accessing classroom sensemaking.

2.3 Sensemaking

2.3.1 Sensemaking in science education

As the concepts of meaning making and sensemaking are similar, I will first comment
on the similarities and differences between meaning making and sensemaking, and
then describe sensemaking in more detail.

Meaning making can be broadly defined as the process of meanings being construed
in a situation by people depending on context, experience, emotion and identity,
although the definition of meaning making in the research literature varies depending
on the researcher (Zittoun & Brinkmann, 2012). Meaning making has been defined
in various ways in the science education literature, such as: meaning emerging from
the situated use of words formed through an activity (Nygard Larsson & Jakobsson,
2020); the interpretation of events involving reconstruction of memory through cul-
tural influence involving a dialectic between new and prior knowledge (da Silva,
2021); meaning made through the use of a sequence of multiple representations
(Widing et al., 2023); an individual bringing together existing ideas with new ideas
being encountered, either through musings or through discussion, in an essentially
dialogic process (Mortimer & Scott, 2003); or meaning formed as patterns of connec-
tions between meanings of words (Lemke, 1990). In some cases, meaning making has
also been used interchangeably with sensemaking (Matusov, 2020). Hence, meaning
making as a concept in science education is a loosely defined concept that involves
situated meaning production, which in some cases could include a dialectical thought
process of some kind. Depending on the context, therefore, meaning making could
have a transient and purely communicative function; therefore, studies based on this
aspect of meaning making in science education often involve transient dialogic epi-
sodes where some sort of scientific meaning is being established. Sensemaking, on the

40



other hand, has recently been more clearly defined in relation to various domains
within research in science education (Odden & Russ, 2019a). Here, it is defined as a
construct separate from arguing, reasoning or explaining (ibid.), concepts that could
all contain aspects of meaning making.

Sensemaking in science learning has been defined as ‘a dynamic process of building
an explanation in order to resolve a gap or inconsistency in knowledge ... built in
one’s own words, through an iterative process of construction and critique’ (Odden &
Russ, 2019, p. 199), while at the same time connecting to prior knowledge and lived
experience. According to Odden and Russ (2019a), sensemaking can be seen as a
stance to science learning (figuring something out), a cognitive practice (integrating
knowledge and connecting representations) and a discursive practice (constructing
and critiquing an explanation). Hence, sensemaking is essentially a language practice
that involves the students’ own words, both scientific and everyday ones (Kapon,
2017; Odden & Russ, 2019a). Studies have shown that students who are regularly
engaged in scientific sensemaking learn the scientific content better than students
who do not (Cannady et al., 2019).

As students learn, they can be observed to move from a more muddled scientific
language use to a more specific one with higher explicitness and precision (O. Lee et
al., 2013, 2019; Quinn et al., 2011; Roth & Lawless, 2002). It has been suggested
that everyday language can be used in combination with scientific vocabulary to drive
the process of sensemaking forward through the creation of ‘hybrid” discursive spaces
(Kamberelis & Wehunt, 2012; Nygard Larsson & Jakobsson, 2020; Olander &
Ingerman, 2011; Sherin, 2006). These spaces can support sensemaking in a continu-
ous dialectic between theory and phenomenon (Russ & Odden, 2017).

Drawing from research in chemistry education, sensemaking can be described as in-
volving an interaction of the three knowledge domains of the triplet through the use
of language: describing phenomena, utilising symbolic representations and relating to
relevant scientific models (Taber, 2013). For meaningful learning, knowledge of dif-
ferent subtopics must also be integrated into the sensemaking process (Odden, 2021a;
Taber, 2015). The use of language in this way requires knowledge of specific termi-
nology, its link to scientific concepts, and how to use both language and concepts in
an appropriate way (Seah & Silver, 2020). The use of scientific representations as
linguistic resources also plays an important role: a varied use of representations can
give different insights as part of the sensemaking process (Prain & Tytler, 2022; Yeo
& Gilbert, 2022), and has been seen to increase with learning (Blown & Bryce, 2017;
Yaman, 2020). However, symbolic meanings need to be clearly explained as part of
the learning process (Liu & Taber, 2016; Redish & Kuo, 2015). Practical work can
be a particular support for sensemaking practices in that it stimulates students to go
back and forth between reasoning about experimental data and reasoning about mod-
els (Russ & Odden, 2017).

In addition to the general language difficulties students face when learning science,
challenges with relating between knowledge domains have also been observed, espe-
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cially connecting theory to observable phenomena (Gunstone & White, 1981; Hof-
stein & P. M. Kind, 2012; P. M. Kind et al., 2011). It has been suggested that teach-
ers need to spend more time helping students connect these two domains (Abrahams
& Millar, 2008). Connecting symbolic and theoretical domains can also be support-
ive of sensemaking, in that mathematical symbols carry many implicit meanings that
can be utilised in sensemaking practices (Zhao & Schuchardt, 2021). This type of
connection allows for deep learning for students (Bain et al., 2018, 2019), and im-
proves student problem-solving (Schuchardt & Schunn, 2016). However, students
can find it difficult to apply mathematical concepts within the context of the scientific
classroom (Becker & Towns, 2012; Redish & Kuo, 2015), and may need teacher
support to do this. Peer talk has been also shown to be effective, especially for low-
achievers, in supporting sensemaking as part of a classroom practice (Rivard, 2004).

2.3.2  The issue of tension during sensemaking

It is well established that emotions can affect learning; whereas some negative emo-
tions such as confusion can lead to deeper learning for students, other negative emo-
tions such as stress and frustration can increase the cognitive load for a student, there-
by reducing the student’s access to cognitive resources, which leads to slower learning
and lower student performance (Plass & Kalyuga, 2019). On the other hand, positive
emotions facilitate creative thinking, which improves both intrinsic motivation and
broadens the availability of cognitive resources for students, leading to positive im-
pacts on learning (ibid.). Confusion can be beneficial to learning because it leads to
increased deliberation and focus (D’Mello et al., 2014). Confusion during sensemak-
ing has been observed at the same time as both curiosity and surprise, and can en-
hance learning for students studying at upper secondary school (Vilhunen et al.,
2022). However, if unresolved, confusion can lead to frustration and disengagement
from the task at hand (D’Mello & Graesser, 2012).

Emotions can also be connected to perceived self-efficacy (belief in one’s ability to
execute a task (Zittoun & Brinkmann, 2012). High perceived self-efficacy leads to
better problem-solving capacity, higher active engagement and greater perseverance in
the face of difficulty (Bandura, 1989). However, low perceived self-efficacy leads to
distress and poor functioning (ibid.). Because of the need for students to express their
own reasoning and connect to their own experience in order to make sense of scien-
tific phenomena, it has been suggested that there may be a tension between the type
of sensemaking produced by the students’ own curiosity and the need for the teacher
to guide the sensemaking according to the pre-existing norms of scientific reasoning,
thereby representing the scientific community (Russ & Berland, 2019).

Perceived teacher support has been shown to be an important factor influencing
student engagement in intellectual risk-taking while studying science at school
(Beghetto, 2009). Guarded student responses in teacher—student interaction can arise
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from students’ fear of failing or students feeling like they are asked for the purpose of
being assessed. If students in the chemistry classroom are encouraged to present alter-
native ideas of phenomena for the purpose of inducing cognitive conflict and label-
ling them publicly as incorrect, this can lead to the students reducing their participa-
tion due to an unwillingness to be exposed (Criswell, 2012). However, questions that
aim to have students articulate their ideas and reasoning can place students in the role
of ‘complementary experts’ (p. 445) in the interaction. This type of teacher moves
lead to students not only taking up more conversation space, but also providing more
sophisticated explanations (Oliveira, 2010).

2.3.3 Promoting sensemaking in teacher—student dialogue

General practices for promoting sensemaking in dialogue includes differentiating
instruction, asking questions that lead to productive discussions, challenging students
for higher-level answers, keeping to discipline-specific norms and making connections
between both different types of concepts and levels of knowledge (Fitzgerald & Pal-
incsar, 2019). Teacher questioning strategies that build on student responses and
promote student elaboration on their statements can lead to students producing more
cognitively complex answers, which include relating observations to theory (Chin,
20006). Research also shows that, to promote learning through student-centred activi-
ties, teachers can work toward anticipating responses, monitoring student ideas, se-
lecting which ideas to display and in which order, and connecting concepts and expe-
rience (Stein et al., 2008). Teacher-questions that are either open-ended or ask stu-
dents to apply their knowledge leads to more student reflection about concepts
(Smart & Marshall, 2013).

Teacher moves that promote dialogic sensemaking can be Socrative questioning to
elicit student reasoning, supporting the use of several modes of representation, con-
necting the macroscopic and visible with the submicroscopic level of thinking, as well
as supporting students’ use of scientific terminology (Chin, 2006). Lidar et al. (2000)
also pointed out that teachers can guide student sensemaking through specifically
pointing out to students what path is useful for further reasoning; and through teach-
ing students what to pay attention to and what counts as relevant knowledge when
observing a scientific phenomenon. Finally, helping students to use terminology to
describe phenomena can also support productive sensemaking (Benedict-Chambers et
al., 2017). Teacher questioning focused on student reasoning can scaffold student
connections between theory and practice and influence classroom dialogical norms
towards sensemaking (ibid.).

In addition to this conceptual guidance, teachers have also been observed to utilise
dialogical ‘politeness’ strategies, including the use of student (vernacular) language,
giving excuses for student difficulties and using inclusive dialogue that includes both
people in the statements (using pronouns such as ‘we’ or ‘us’) (Bills, 2000). It has
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been suggested that this teaching strategy downplays the intrinsic power dynamic of
the teacher—student relationship (ibid.). Teachers can also increase cognitive engage-
ment for students through promoting an atmosphere of mutual respect for all speak-
ers in the classroom (for instance, encouraging face-to-face interaction in dialogue)
and through engaging students in expressing their thoughts in their vernacular lan-
guage before introducing scientific terminology (Soysal & Yilmaz-Tuzun, 2021).

2.3.4 Sensemaking in chemistry

The conceptual integration that is part of the sensemaking process (internally relating
different concepts to one another) is important for meaningful learning in chemistry
(Taber, 2015). Sensemaking practices between experts and novices are clearly differ-
ent in the subject of chemistry. Whereas trained chemists have been shown com-
municate freely and purposefully using representations and symbols from all three
knowledge domains (Kozma et al., 2000), learners have been shown to have difficul-
ties both comprehending representations and using representations to connect across
domains (Daubenmire, 2014; Kozma & Russell, 2005). These student difficulties
include differentiating between observational and the particulate knowledge domains,
and making effective use of the symbolic language of chemistry (Andersson, 1990;
Becker et al., 2015; Ben-Zvi et al., 1988; Gabel et al., 1987; Haigh et al., 2012; Her-
ndndez et al., 2014; Johnstone, 2006; Stieff et al., 2013; Talanquer, 2008; Treagust et
al., 2003). In chemistry sensemaking, representations can be especially effective in
mediating the connection between knowledge domains (Pham & Tytler, 2022; Ya-
man, 2020). Pham and Tytler (2022) have suggested that blended representations
that represent both the observational domain and the theoretical domain can be help-
ful in achieving such a connection.

Seah et al. (2011) showed that students may have a poor understanding of how to
connect theory to phenomena in an appropriate way linguistically as part of a sense-
making act in chemistry, and that this produces variation in sensemaking. Students
can be supported in their sensemaking practice through the establishment of norma-
tive classroom criteria for what counts as, for instance, a good explanation or an ap-
propriate interpretation of a chemical representation (Becker et al., 2013). The sup-
port of the teacher is also important. A case study of classroom talk in chemistry
showed that teacher—student dialogue was very effective in supporting sensemaking in
chemistry, whereas teacher monologues had limited influence (Warfa et al., 2014).
Instructors in chemistry can promote student sensemaking through the direct practice
of asking for justifications and elaborating on student answers relating to the submi-
croscopic domain (Towns et al., 2019). Another case study showed that instructor
questioning and revoicing or elaborating on student answers can be essential for guid-
ing student reasoning across knowledge domains (Becker et al., 2015). If teachers
introduce alternative concepts to students when they are struggling to understand a
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concept, this can lead to sensemaking through the students bringing their reasoning
forward via blended conceptual spaces (conceptual blending) (Odden, 2021b). It has
also been shown that when students articulate their own questions in response to a
teacher-set problem, this can support them in engaging in a sustained sensemaking
conversation (Odden & Russ, 2019b).

A challenge for chemistry teachers who wish to promote sensemaking in their class-
rooms is to include all students in the sensemaking practice. There can be variability
in conceptual knowledge for students in chemistry, even at the same achievement
level in the same classroom (Hinton & Nakhleh, 1999). School chemistry teachers
can also face challenges when teaching differentiated classes, especially in terms of not
knowing how to best include students in classes with varied language abilities (Kousa

& Aksela, 2019).

2.4 Chemical equilibrium as a research topic

Many teachers will recognise that science subjects all have concepts that may be more
challenging than others to teach and learn. Within the field of chemistry, chemical
equilibrium is one of the more difficult concepts to grasp in chemistry (Barke, 2015;
Childs & Shechan, 2009; Huddle & Pillay, 1996; Johnstone, 2006), and the under-
standing of this concept requires use of complex reasoning processes involving macro,
symbolic, and submicroscopic knowledge domains (Ghirardi et al., 2015).

For chemists, the basic definition of chemical equilibrium is rather simple: it is a re-
action where the rate of formation of the products is equal to the rate of formation of
the reactants (Burrows et al., 2013). If it is not interfered with, an equilibrium reac-
tion will proceed toward an equilibrium state where a certain concentration of prod-
uct is always present in the solution, and the concentration of products/reactants is
decided by the equilibrium constant, K (sometimes denoted K:). K is a quotient that
does not change as long as the temperature is constant. How fast the reaction pro-
ceeds towards equilibrium is not dependent on the equilibrium constant, which
means that equilibrium can be reached quickly or slowly depending on the reaction.
A rule of thumb that is often used in teaching is Le Chatelier’s Principle, which is used
as a guide to predict what will happen when equilibrium is disrupted. Le Chatelier’s
principle means that if the concentrations change on one side of the equilibrium ar-
row, the system will adjust to counteract the change: if more reactants are added, the
system will convert more reactants into products until X (a quotient of concentrations
between products/reactants) is again reached.

Students can find the concept of equilibrium counterintuitive, as they see ‘finished’
reactions as static since they cannot observe the reactants being formed from products
and vice versa (V. Kind, 2004). In other words, they have a hard time seeing equilib-
rium arrows (=) as the representation of a system and not as two separate reactions
(ibid.). This leads to alternative ideas; for example, that concentrations should be
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equal on both sides of the reaction arrows (Barke et al., 2010), that reactants and
products remain separate in solution (ibid.), and that the rate of one reaction in the
system could change independently of the rate of the other reaction (V. Kind, 2004).
Barke (2010) has also shown that some students have difficulties separating stoichio-
metric calculations (used to calculate a theoretical amount of product achieved only if
all reactants are converted into products; that is, the chemical equation is interpreted
as proceeding from left to right) with practical calculations (where actual amounts are
calculated; that is, the entire chemical equation represents the finished reaction). Be-
cause of the many hurdles students encounter when learning chemical equilibrium, it
is not surprising that the subject poses difficulties for students (Driel & Griber,
2002).

An interview study of a range of chemistry students at a large US university showed
that even PhD candidates can struggle with the ideas of dynamic equilibrium and
stochastic events in reaction processes (Yan & Talanquer, 2015). It may be because of
these dynamic aspects included in learning about chemical equilibrium that students
take years to fully learn it as a concept (Driel & Griber, 2002; Yan & Talanquer,
2015), textbooks may misrepresent the equilibrium concept (Quilez, 2012) and
teachers may have difficulty applying the concept themselves (Cheung, 2007). Ac-
cording to Talanquer (2015), chemical equilibrium can be regarded as a threshold
concept, meaning that the learning of this concept opens up for new ways of thinking
about chemistry. Specifically, the understanding of threshold concepts in chemistry
enable students to connect the behaviour of a substance with its particulate behaviour
in a more nuanced way, which involves a more thorough grasp of the transformation
of matter and the understanding of chemical systems (p. 6). Hence, although chemi-
cal equilibrium is a complex concept to learn, it opens the door to a deeper under-
standing of chemistry as a subject.

Difficulties in learning about chemical equilibrium can be caused by how it is pre-
sented in school at different levels of learning. During their education, students are
expected to progressively refine their understanding of scientific concepts and their
interconnectedness. Scientific concept systems can be seen as constantly changing as
learning progresses through different school levels, as learnt and new scientific con-
cepts need to be related at different levels of generalisation (Vygotsky, 1934/1987).
The concept system related to chemical equilibrium undergoes several changes in
terms of how it is presented to students, and its definition is gradually changed and
refined (Driel & Griber, 2002; see Figure 3). At upper secondary school, a qualitative
introduction to chemical equilibrium is given with a basis in kinetics, followed by the
learning of the Equilibrium Law (Law of Mass Action) (ibid.).
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University level:
A presentation is made of the

thermodynamic approach to
equilibrium in terms of Gibb’s
free energy

?

The definition of chemical reaction is expanded/justified
|
Upper secondary school level:
Chemical reactions
presented as dynamic:
Qualitative kinetic introduction
The concept of reversibility
The equilibrium law
Le Chatelier’s principle

T

The definition of chemical reaction is changed

Introductory chemistry level:
Chemical reactions
presented as unidirectional:
Reactants form products

Figure 3. Overview of how the concept of chemical equilibrium is presented in stages throughout education from
introductory to university level in many Western countries (summarised from Driel & Graber, 2002), including Sweden
(see, for instance, Borén et al., 2012; Burrows et al., 2013). Initially, reactions are presented as proceeding to
completion. This definition is then modified at upper secondary school as the chemical equilibrium concept is
introduced. The thermodynamic derivation of chemical equilibrium is presented at university level. From Paper IV
(Hamnell-Pamment, manuscript).

As mentioned previously, choices regarding which models to use in chemistry educa-
tion at what level are usually pragmatic and related to the ease of use (Taber, 2010).
However, when models are confused with reality and are learnt as truths rather than
more or less sophisticated models, this leads to student confusion and frustration
(ibid.), and I think chemical equilibrium is a clear example of this problem. A particu-
lar issue with learning chemical equilibrium is that chemical reactions are presented as
unidirectional at introductory chemistry level, and then as dynamic at upper second-
ary school level (Driel & Griber, 2002). This is contradictory if a facts-based ap-
proach rather than a model-based approach is used to reason about chemical phe-
nomena. If not dealt with properly (Taber, 2010) this can lead to problems with un-
derstanding chemical equilibrium that remain unresolved. Issues with generating
static instead of dynamic meanings do appear to persist at university level (Yan &
Talanquer, 2015). Hence, the shift between thinking of reactions as unidirectional at
introductory level and dynamic at upper secondary level has consequences for stu-
dents throughout continuing education.

Because of its centrality to understanding chemistry, and the difficulties upper sec-
ondary students encounter when learning it, chemical equilibrium was chosen as a
topic of study. This choice was based both on the potential transferability of the re-
sults to chemistry learning in general (where reactions and transformations of matter
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play a central role), and on the possibilities of generating a large variety in the collec-
tion of data in terms of student sensemaking. Lastly, the choice was based on the
notion that an aspect of research quality is its applicability; that is, its potential to
offer worthwhile knowledge and help solve local problems (Miles et al., 2014).
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3 AIM AND RESEARCH QUESTIONS

The purpose of this thesis was to gain insight into sensemaking in chemistry at upper
secondary school through defining sensemaking in chemistry from a Vygotskian per-
spective and opening up for an alternative way of viewing sensemaking in chemistry.
This purpose included gaining insight into how students make sense of chemical
phenomena and how teachers work to promote sensemaking during practical work.
In terms of student sensemaking, a specific focus of the thesis was to investigate the
influence that previous achievement in chemistry and language use have on sensemak-
ing, as well as how student sensemaking compares to expert sensemaking as represent-
ed by use of the knowledge domains of the chemistry triplet.

Before the major data collection for the thesis commenced, triplet concept mapping
was piloted in terms of its utility to analyse and promote student sensemaking in
chemistry at upper secondary level.

The initial, overarching research question for the thesis was How does student lan-
guage use relate to sensemaking in chemistry at upper secondary school, and how can teach-
ers help students make sense of chemistry through classroom dialogue?

This overarching question was divided into the following sub-questions:

1. How can sensemaking in chemistry at upper secondary school be viewed
from a Vygotskian perspective in order to connect sensemaking to social
language use, concept formation and development?

2. How do students at upper secondary school structure their sensemaking
in relation to the chemistry triplet, and in terms of everyday and scientific
concepts?

3. How is upper secondary school student language use and previous
achievement level related to their sensemaking about chemical equilibri-

5

um?

4. What strategies do teachers use to promote sustained sensemaking about
chemical equilibrium in conversations at upper secondary school?
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The first research question is addressed in the Kappa; the second research question is
addressed in the pilot study, Studies 1 and 2 (Papers I, I, and III); the third research
question is addressed in Studies 1 and 2 (Papers II and III), and the fourth research
question is addressed in Study 3 (Paper IV).

By asking these questions, I aim to further explore why sensemaking in chemistry is
difficult for many students, and what can be done to help teachers create situations in
their classroom where chemical phenomena can be made sense of. The contribution
to the research field is as follows:
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Sensemaking in chemistry is defined in relation to the triplet, paradigmat-
ic within chemistry education research (Taber, 2013; Talanquer, 2011),
and in relation to the sociocultural research field, allowing for the study of
mediation of thought through language within the chemistry education
research context.

A study of how students structure their sensemaking about chemical equi-
librium allows for a greater understanding of how students utilise their
psychological tools to mediate sensemaking in the chemistry classroom.

By focusing on the impact of language use and previous achievement lev-
els regarding various aspects of student sensemaking, the results of the the-
sis can further differentiate between learners of different achievement lev-
els and language backgrounds in terms of difficulties with chemistry
sensemaking, allowing for a more comprehensive understanding of why it
is difficult for some students to interpret chemical phenomena.

Through studying how experienced teachers help students make sense of
chemical phenomena, the results of the thesis can be used to further un-
derstand the impact of teacher—student interaction on student sensemak-
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4 THEORETICAL PERSPECTIVES
USED IN THE THESIS

As I have described previously, the chemistry subject poses a special challenge in terms
of teaching and learning due to the subject’s language demands and the problems
students face in making sense of chemical phenomena. As the theory of learning pro-
posed by Vygotsky has the advantage of combining the role of language in learning
with the development of thinking within a social context, this learning theory is use-
ful as an overarching frame to define the role of language, learning and sensemaking
in chemistry. In this theoretical chapter I will utilise Vygotskian theory to frame the
analysis of how student language use and sensemaking play a part in their learning
about chemical equilibrium in the school laboratory. First, I will introduce Vygotsky’s
theories on learning and how they relate to language use, learning and development of
thinking in the chemistry classroom. Second, I will introduce sensemaking in science
as a concept and relate sensemaking to acts of knowledge domain integration in the
chemistry classroom, relating to concepts in chemistry education research. I will end
the chapter by examining sensemaking in chemistry from a Vygotskian perspective,
summarising the standpoint of learning that I take, and explaining what aspects of
learning the different sub-studies investigate.

4.1 The Vygotskian perspective on learning

In this section, I will relate the research in the thesis to the sociocultural research field
and then describe different aspects of Vygotsky’s theories on learning.

4.1.1 The thesis’ position in relation to the sociocultural research field

The theories of Vygotsky related to learning (most succinctly summarised in the vol-
ume 7hinking and Speech (1934/1986, 1934/1987) have inspired a wide range of

sociocultural research utilising slightly different perspectives on human development
and learning (Jakobsson, 2012), such as studies on mediated action, socio-historical
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studies, studies in distributed cognition and action within communities of practice as
well as activity theory (Daniels, 2008; Jakobsson, 2012). All of these research perspec-
tives focus on slightly different interpretations on Vygotsky’s learning theory, which
Smagorinsky (2018) summarised as ‘understanding human development as a histori-
cally grounded, culturally oriented, socially-mediated, long-term process’ (p. 74).
Whereas many researchers (e.g., Leont’ev, 1974/1981, and Greeno and Engestrom,
2014), focused on learning from the perspective of the collective, other researchers
within the sociocultural tradition have had more of a dialogical focus. A notable con-
tribution in this area is Wertsch’s expansions on discourse in education based on the
writings of Bakhtin (1991, 2008), which importantly introduced the idea of the dif-
ferent speech genres of everyday language and scientific language as perspectives on
the world being negotiated as part of classroom talk (Mortimer & Wertsch, 2003).
Examples of other discursive studies utilising a sociocultural framework can be found
in the studies on science classroom dialogue focusing on the nature of productive
teacher—student interaction by Mercer et al. (Mercer et al., 2004; Mercer & Littleton,
2007) and Mortimer and Scott (2003). Other research related to Vygotsky’s works
can be understood to have more of a social semiotic focus (Jakobsson, 2012), such as
the studies of science classroom discourse by Lemke (1990), where student learning of
the scientific language through teacher—student dialogues was examined, and the
scientific language analysis produced by Halliday (1993).

Kozulin (1998) proposed that Vygotsky’s main achievement was using a theory that
explained the development of consciousness using sociocultural activity as an explana-
tory principle, thereby avoiding the tautological pitfalls in psychology, where, for
instance, behaviour is explained through behaviour. Kozulin further argued that activ-
ity theory (which was first developed in the 1930s by Vygotsky’s followers) falls into
this category of research, explaining activity using activity principles, but that the
Russian theorists did so due to the political climate of the time (ibid). Vygotsky
struggled to publish his works (his research of pedology eventually became blacklisted)
and the focus on collective labour activity carried on by Leont’ev was later encouraged
through the political climate under Stalin (van der Veer & Valsiner, 1993). Hence,
the focus of the research of Vygotsky’s followers became human activities mediated by
division of labour and collective experience (Kozulin, 1998; van der Veer & Valsiner,
1993; Zinchenko, 2004), without involving the consciousness of man (Miller, 2011;
Zinchenko, 2004). Many recent studies focusing on mediation have been criticised
for focusing on action outcomes rather than the development of cognitive functions
or concept development using signs (Gredler, 2012; Miller, 2011).

As I am interested in language use and sensemaking, the work presented in this the-
sis can be said to be situated in the tradition that focuses on language and language
use in learning and thinking most closely represented by the works of Mercer and
colleagues (Mercer, 2013; Mercer et al., 2004; Mercer & Littleton, 2007), which have
shown the positive influence of classroom dialogical reasoning on individual reason-
ing and learning. However, the work of this thesis examines social dialogue and
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thinking separately when examining language use and sensemaking, focusing on the
role of language use in each. This perspective is similar to the approach taken in
Vygotsky’s original work, and this type of approach can be labelled as more Vygotski-
an than sociocultural, although the approaches overlap (Carlsen, 2007). Because of
this, it is mostly Vygotsky’s theories that will be elaborated in relation to chemistry
learning in this theoretical section. I will attempt to elaborate on some basic concepts
in Vygotsky’s theories on mind and development, as presented in the volume 7hink-
ing and Speech (Vygotsky, 1934/1987), a book that summarised 10 years of research
work published between 1929 and 1934 by Vygotsky and Shif (his coworker, who
published the final chapters after Vygotsky’s death). This edition is the most extensive
translation published for the English-speaking audience (van der Veer & Yasnitsky,
2011). To provide sufficient background for understanding the concepts developed in
this thesis, the experiments conducted by the Vygotsky group will also be outlined.

In accounting for Vygotsky’s theories, I will discuss how the development of word
meaning (that is, conceptual development; for Vygotsky, ‘concept’ and ‘word mean-
ing’ means the same thing) relates to thinking, the role of everyday and scientific con-
cepts in development of reasoning, the ZPD, and, the social influence on language
development.

It should be noted that the different editions of Thinking and speech differ in that
the earlier two are greatly abbreviated (Vygotsky, 1934/1962, 1934/1986), but the
latest edition (Vygotsky, 1934/1987) retains changes to the original texts introduced
to the later Soviet editions (van der Veer & Yasnitsky, 2011). Therefore, in this theo-
ry section, when quotes are given from the 1987 edition, a comparison will be made
with the text in the 1986 version when it differs significantly. This comparison will be
shown as a footnote.

4.1.2  Vygotsky’s research focus in Thinking and Speech

In his experimental works for Thinking and Speech, Vygotsky was mainly concerned
with the psychological development of the child and its relationship with concept
development (the development of word meaning) during childhood and schooling.
He also questioned the conclusions by Piaget on children’s egocentric speech (now
known as private speech; Alderson-Day & Fernyhough, 2015) as an activity directed
to self that gradually fades away in childhood as the child is socialised (Vygotsky,
1934/1987). Instead, Vygotsky proposed that egocentric speech is a social activity
that is internalised and becomes thought (ibid.). Finally, he questioned Piaget’s ideas
of solely spontaneous development in children, and instead proposed a model that
included the influence of culture and social interaction on human development
(ibid.). Specifically, he contrasted Piaget’s ideas on children’s development (‘inner
autistic thinking — egocentric speech and egocentric thinking — socialised speech and
logical thinking’; p. 75) with his own ideas (‘social speech — egocentric speech — inner
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speech’; Vygotsky, 1934/1987, p. 75), suggesting a need to overturn current ideas on
the role of the social environment in child development. In his own words (Vygotsky,

1934/1987):

The actual movement in the development in the child’s thinking occurs not
from the individual to some state of socialization but from the social to the in-
dividual. This was the basic conclusion of our theoretical discussion. It is also
the basic conclusion of our empirical work. (p.76)

To summarise, Vygotsky was interested in the role of the word in learning and devel-
opment of thought and studied this both from the perspective of the word’s use as a
psychological tool and from the perspective of its social origin.

4.1.3 The definition of psychological tools in relation to the thesis

Vygotsky (1934/1987) regarded the word as the most important cultural sign, and
showed in his studies that cultural development of the meaning of words (referred to
in his writings as concepts) is promoted through the collaborative, social use of signs
(words, symbols etc.), whereby the activity of sign use becomes used internally by the
child to direct actions (interiorised), which leads to the development of psychological
functions such as attention and memory (Vygotsky & Luria, 1930/1994):

...the word [empbhasis in original] plays a decisive role in the formation of the
true concept. It is through the word that the child directs his attention on a sin-
gle feature, synthesizes these isolated features, symbolizes the abstract concept,
and operates with it as the most advanced form of the sign created by human

thinking. (Vygotsky, 1934/1987, p. 159)

Vygotsky’s definition of signs also included other tools for thinking, such as equa-
tions, maps and mnemonic devices (1930/1981, p. 37). Signs are commonly referred
to in the sociocultural literature as psychological tools (tools of the mind that are used
to directed action inward towards the self), to differentiate them from physical tools
(material tools that are used to direct the action outward towards others), which was
the original definition by Vygotsky (Kozulin, 1998). However, some researchers (e.g.,
Wertsch [1991]) preferred not to separate the two types of tools and to focus on the
role of tool use in mediating human action. In this thesis, I have taken the original
stance of Vygotsky, which focuses on psychological tools and does not regard physical
tools as mediators of thought. This stance has been heavily defended elsewhere, where
the study of tools and action is attributed to Leont’ev’s activity theory (Miller, 2011).
Davydov (1995) described learning and development according to Vygotsky as col-
lective activity being ‘interiorised’” through the use of cultural, psychological tools and
leading to development of reasoning. Wertsch (1991) preferred the term ‘appropria-
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tion’, a term borrowed from Bakhtin, meaning ‘making one’s own’ (1975/1981, p.
294), to describe how psychological tools are gradually taken up by the individual for
reasoning as a result of social, collaborative, problem-solving activity. Eun (2019)
described the role of words in Vygotsky’s theory as multidimensional. On one hand,
they are used to communicate the meaning of words in dialogue, and on the other
hand they are ‘internalised’ by people involved in a dialogue involving negotiation of
meaning with a more competent other and then used to regulate their own thinking
(p. 23). As a result, all thinking used for planning and self-regulating originates in
social dialogue (ibid.). Eun also pointed out that the people taking part in the collab-
orative activity do this within a specific cultural setting with specific cultural resources
(ibid.). In short, psychological tools are inherently cultural and our understanding of
their meaning has a social origin, which shapes our thinking (Vygotsky, 1934/1987).

Although various interpretations of the relationship between tools and learning exist
in the different sociocultural research perspectives, Kozulin (1998) proposed that
learning based on Vygotsky’s theories can be understood as two parallel processes —
microgenetic and macrogenetic:

Vygotsky perceived psychological development as a process full of upheavals,
crises and structural changes. The developmental process can be observed in
both micro- and macrogenetic perspectives. Microgenetically it reveals itself in
the restructuring of the child’s thinking and behavior under the influence of a
new psychological tool. Macrogenetically development manifests itself as the
life-long process of the formation of a system of psychological functions corre-
sponding to the entire system of symbolic means available to a given culture. (p.

16)

Therefore, the aim of the present thesis, through the use of this Vygotskian perspec-
tive on sensemaking, is to study learning from the microgenetic perspective, with a
focus on how students use language as psychological tools to make sense of chemical
phenomena in concept maps, as well as how teachers guide student language use to
promote sensemaking about chemical equilibrium in dialogue. In this context, the
psychological tools or signs studied are the words of the language of chemistry as well
as everyday language (elaborated on in Chapter 2.2), and the thinking/behaviour
studied is the process of sensemaking (elaborated on in Chapter 2.3). The concept
developed is the meaning of chemical equilibrium (the learning of which is elaborated

on in Chapter 2.4).
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4.1.4 Concept development in children

4.1.4.1  The stages of concept development

Vygotsky’s first study, reported in Chapter 5 of Thinking and Speech (Vygotsky,
1934/1987), involved over 300 children, both adolescents and adults, as well as sub-
jects with various disabilities related to thinking and speech (p. 130). The experi-
ments were made using shapes of various colour that were labelled with words of a
fabricated language underneath. The subjects were asked to group the objects and
then they received feedback from the experimenter (p. 128). From these experiments,
Vygotsky identified three stages in the development of conceptual thinking, from
young child to adult. Whereas very young children identified as belonging to the first
stage of development grouped objects according to subjective, unstable meanings, the
school-age children who were identified as belonging to the second level of develop-
ment exhibited associative thinking in various degrees (Vygotsky named this process
‘thinking in complexes’; p. 136) where no single generalised property was used by the
child to link the objects to each other in a group. However, the experiments also
showed that the children could, based on the model given by the experimenter, select
one type of shape based on its visual appearance. Vygotsky concluded that the mean-
ing of, for instance, the word ‘triangle’ was visual and associative for the school-child,
but abstract for the adult. He called this type of concept (a meaning that is concrete
and visual) a ‘pseudoconcept’ (p. 142). The adolescents in the same experiments used
this same type of thinking, but in some cases were also able to use overarching gener-
alisations; that is, abstract (or ‘true’; see, for instance, p. 155) concepts when they
grouped objects. For example, an abstract concept could be the meaning of ‘triangle’
as a mathematical definition (ibid.). Through using abstract concepts, the adolescents
exhibited the third stage in concept development. Vygotsky concluded from this re-
search that word meaning is socially acquired:

...the child’s complexes' (which correspond to word meanings) do not develop
freely or spontaneously along lines demarcated by the child himself. Rather,
they develop along lines that are preordained by the word meanings that have
been established in adult speech. (1934/1987, p. 142)

Hence, although a concept may have a cultural definition, word meanings used by
children usually do not correspond to word meanings used by adults, although a
common understanding is usually reached when the words are used in everyday con-

! In the 1986 version, ‘in real life’ is added as a context here, and large parts of the section are empha-
sized in italics (p. 140).
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versation. According to Vygotsky, students at upper secondary school level are often
expected to reason visually and associatively rather than abstractly, and may therefore
use associative thinking rather than generalised thinking when making sense of a
chemical phenomenon such as chemical equilibrium when encountering a colour
change. Such thinking might involve associating to previous reactions involving col-
our change rather than utilising the theory available for reasoning.

According to Vygotsky, concept development was not regarded as a linear or a de-
velopmentally fixed process. On the contrary, he insisted, based on these experiments,
that various types of concepts are used in thinking and that the use depends on the
context:

The various genetic forms co-exist [emphasis in original], just as strata represent-
ing different geological epochs® coexist in the earth’s crust ... When applied in
the domain of life experience’, even the concepts of the adult and the adoles-
cent frequently fail to rise higher than the level of the pseudoconcept.
(1934/1987, p. 160)

Hence, associative thinking is not seen as a step on the way toward abstract thinking;
rather, abstract thinking, or thinking using models such as models in chemistry, be-
comes an additional way of thinking that gradually becomes available to children
during their adolescent development.

4.1.4.2  The role of mediation: The relationship between sign use
and psychological development in children

In his theories about how sign use is related to development of thinking, Vygotsky
drew parallels to the relationship between tool use and labour activity in Marxist the-
ory (Marxist theory was encouraged through various means in Soviet Russia; van der
Veer & Valsiner, 1993). Vygotsky claimed that, just like a physical tool changes la-
bour production and gives external control of objects in nature, psychological tools
are social products that are used to control behaviour, both of the self and others. At
the same time, Vygotsky proposed that ‘the use of psychological tools increases and
immeasurably extends the possibilities of behaviour’ (Vygotsky, 1930/1981, p. 141).
Through their studies, Vygotsky and colleagues showed that signs were intimately
related to the development of psychological functions such as attention. Apart from

2 The 1986 edition reads: ...different rock formations’, instead of ‘strata’ from ‘different geological

epochs’ (1934/1986, p. 140).

3 The 1986 edition says: ‘conceptual thinking ... insofar as it is involved in solving daily problems...’

(1934/1986, p. 140).
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pointing at the critical role that signs have in directing attention, Vygotsky also sur-
mised that the development in concepts observed from child to adult meant a radical
change in the child’s reasoning processes toward thinking mediated by signs:

... the process of concept formation is not simply the product of a quantitative
transformation of lower forms ... This process represents something fundamen-
tally new, something qualitatively irreducible to any type of activity based on
associative connections. The basic difference between these qualitatively differ-
ent kinds of intellectual activity consists in the mransition from unmediated intel-
lectual processes to operations that are mediated by signs [emphasis in original] *.

(1934/1987, p. 133)

As noted earlier, Vygotsky claimed that the role of the sign, or the psychological tool,
is to direct one’s own thought processes. In the quote above, Vygotsky emphasised
that mediation using signs leads to access to new forms of reasoning that leads away
from the more spontaneous, associative thinking characterised by unmediated
thought. Hence, the mediated intellectual process is conscious thinking and direction
of one’s own actions using words, or reasoning utilising culturally appropriated tools.
According to Vygotsky’s studies, the transition from unmediated to mediated pro-
cesses occurs before students enter school (Gredler, 2012).

Wertsch (1991), who developed on Vygotsky’s theories through the study of learn-
ing discourses, focused much of his writing on mediation, or mediated thought,
which he expressed as humans acting with ‘mediational means’ (p. 12). Wertsch sug-
gested that Vygotsky’s view of the sign is in terms of its function, or how it is used to
mediate action, and that it cannot, according to this theory, be abstracted from its
context. However, Gredler (2012) contested this view by pointing out that mediation
using signs is context-bound for the young child, whereas the adolescent acquires new
ways of organising sign-mediated thought through developing new mental functions
that include synthesis and abstraction. The child is context-bound because of his or
her lack of self-awareness, whereas the development of intellectual functions means
the adolescent can become self-aware and reflect about reality and others (ibid.).
Hence, abstract thinking, according to the theory of Vygotsky, not only involves us-
ing models to explain chemical events in new contexts, but also being able to con-
sciously reflect around the fact that this is being done.

In Daniels’ (2008) analysis of Vygotsky’s work and its influence on current re-
search, he pays special attention to the importance of Vygotsky’s dialectical approach

4 The 1986 edition reads as follows: “The process of concept formation, like any other higher form of
intellectual activity, is not a quantitative overgrowth of the lower associative activity, but a qualitatively
new type. Unlike the lower forms, which are characterized by the immediacy of intellectual processes,
this new activity is mediated by signs [author’s own emphasis]’ (1934/1986, p. 109.
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as involving the struggle of opposites, leading to a ‘reciprocal transformation of the
individual and the socio-cultural setting’ (p. 32). Therefore, Vygotsky’s view on de-
velopment involved seeking holism rather than identifying with a particular branch of
psychology (ibid.). Gredler (2012) noted that Vygotsky utilised his dialectical view of
opposition within unity both in his research on developmental change and in his
research on the relationship between concept development and thinking. Specifically,
Vygotsky noted that developmental changes (such as between the school-age stage
and the adolescent stage of development) involved negation of the previous patterns
of behaviour and were characterised by large changes in terms of the structuring of
thought as a result (ibid.). The different ways of thinking develop on the basis of their
opposition. Hence, Vygotsky argued that contrasting in class between the child’s
everyday reasoning and the scientific reasoning representing scientific culture is neces-
sary for developing new ways of thinking.

Based on further studies on mediation by psychological tools in school and home
environments, and the relationship with development of cognition, Kozulin (1998,
2003) pointed out that the use of psychological tools, including their purpose, is em-
bedded in cultural practices. Therefore, according to Kozulin (ibid.), teachers in con-
temporary classrooms need to pay a lot more attention to decoding signs and elabo-
rating on the underlying principles of elements such as tables, diagrams, maps and
graphs, to accommodate students of different cultural backgrounds. Following this
reasoning, sign use in the chemistry classroom can also be regarded as contextualised
practice. For instance, equations and symbols used to make sense of chemical process-
es contain layers of meanings (Ribeck, 2015) are useful for chemists communicating
in their daily practice, but may be opaque to many students, which complicates
sensemaking (Liu & Taber, 2016).

Kozulin (1998) also emphasised the importance of communicating the intentionali-
ty and meaning of tools, as well as emphasising their general properties within educa-
tion. According to Kozulin, ‘Emphasis on process rather than product leads to the
development of metacognitive awareness and control’ (ibid., p. 89). Hence, Kozulin
underlined the importance of Vygotsky’s observations on the connection between
learning and conscious action (with a focus on conscious rather than action). As Mer-
cer et al. (2004) showed, scientific reasoning is a skill that needs to be taught through
dialogical practice. Therefore, students need help in navigating which signs to use and
when to use them with regard to interpreting a chemical process.

Hence, in the chemistry laboratory classroom, it can be expected that the sensemak-
ing the students are able to do while learning about chemical equilibrium will be me-
diated by the psychological tools they have at their disposal, as well as the intersubjec-
tivity of how these tools are to be used as part of the collaborative meaning-making
practice (see also Mortimer & Wertsch, 2003). The use of psychological tools in
learning has been shown to change depending on how the students frame their activi-
ty within its institutionalised context. For instance, students can focus on making
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sense, winning an argument or finishing an assignment, which changes how they
approach sensemaking (Furberg & Arnseth, 2009).

As Wertsch (1998) argued, tools have both limits and affordances, and can there-
fore shape human action. Following this line of reasoning, psychological tools in
chemistry can be seen as having different affordances with regard to understanding
processes, which can be exemplified by the different signs used to mediate under-
standing of chemical equilibrium at secondary school level (see Table 1). Each repre-
sentation has certain limits and affordances for sensemaking around a phenomenon
being observed in the chemistry laboratory. For example, a chemical equation can, on
its own, be seen as a more qualitative psychological tool that mediates some basic
information about the chemical species involved in a reaction and the direction of the
reaction as it undergoes change. When reworked as a mathematical formula involving
concentration, the algebraic expression enables quantitative reasoning around the
concentrations of the different chemical species, which allows for more elaborate me-
diations of the meaning of chemical equilibrium in terms of relative proportions of
reactants and products. Finally, if the psychological tool is expressed as a graph,
meanings regarding how the chemical process develops over time can be mediated.

Table 1. Examples of some psychological tools (in this case, representations used as part of the language of chemis-
try) utilised for the mediation of meaning of chemical equilibrium at upper secondary school level, and my suggestion
of their affordances in terms of mediation of meaning. Affordance of a certain mediation of meaning using one psycho-
logical tool means limitations regarding the sensemaking provided by the use of other psychological tools. The psy-
chological tool used for mediating the sensemaking as part of the social interaction decides the affordance and the
limits of the socially produced dialogue in the chemistry classroom. In this interpretation of mediation in the chemistry
classroom, | build on the argument of Wertsh (1998).

Type of psychological tool ordered after increasing complexity

General types of Chemical equation Algebraic expression Graphical expression

sensemaking tools used in

chemistry

Examples of tools used for Equilibrium expression Reaction quotient Concentration vs. process

chemical equilibrium using double arrows over time

Affordance of psychological Mediation of qualitative Mediation of quantitative Mediation of reasoning

tool reasoning regarding reasoning in terms of ratio concerning ratio of

formation of of reactants/products reactants/products over time

reactants/products

When recruited in the chemistry classroom to mediate sensemaking around a chemi-
cal process, the limits and affordance of the psychological tool will frame the social
dialogue. For instance, the everyday meaning regarding what happens to salt when it
is dissolved in water can be developed through the recruitment of a scientific model
through a collaborative classroom activity. This gives students an opportunity to reor-
ganise possible everyday meanings of items that appear to disappear when they are not
seen (a common reasoning process emerging from everyday experience [Akerblom et
al., 2019; Andersson, 1990]). The productivity of discursive scientific meaning mak-
ing has been shown to be affected by students’ ability to shift between everyday mean-
ings and scientific meanings (Nygard Larsson & Jakobsson, 2020).

60



In conclusion, the chemistry classroom can be seen as being in need of contextual
direction (or as Kozulin, 1998, put it, individual mediation) to a high degree to pro-
mote conceptual development for students through the collaborative use of appropri-
ate signs to mediate conceptual understanding in various contexts. Therefore, in order
to understand how psychological tools can be used to mediate sensemaking in chem-
istry, it is necessary to investigate the relationship between the use of psychological
tools and sensemaking in the chemistry classroom for students in both different class-
rooms and of different achievement levels.

4.1.4.3  The role of everyday and scientific concepts

The research on what Vygotsky called ‘everyday’ and ‘scientific’ concepts (the latter of
which are introduced in school) was mostly carried out by his student Shif. She pre-
sented story-based problems to school-age children from second grade and fourth
grade that were equivalent, but could be solved by using either scientific (social sci-
ence) or everyday concepts. The stories were illustrated using pictures from social
science school lessons or common everyday life (the problems were based on material
from the social science courses for the second and fourth grade, respectively). The
children had to finish sentences that ended with ‘because’ or ‘although’ (since chil-
dren learn to understand cause and effect earlier than they do oppositional relations),
and then a ‘clinical discussion’ took place with the child to elucidate ‘cause-effect
relationships’ and relationships of implication with both scientific and real-world
material’ (Vygotsky, 1934/1987, p. 167). The data were supplemented with infor-
mation about the children’s achievement level and classroom observations. The results
of the study showed that children were better at reasoning using scientific concepts
than they were at using everyday concepts, but that the fourth-grade children rea-
soned much better with everyday concepts than the second-grade children did. Final-
ly, second-grade children did poorly on all of the sentences using ‘although’, whereas
fourth grade students did much better (Vygotsky, 1934/1987, p. 168); this indicates
that schooling has an influence on student reasoning in everyday contexts. Hence,
based on Vygotsky’s experiments, the teaching of schools of thought such as scientific
reasoning leads to children being able to use such reasoning in their everyday lives.
This underlines the value of teaching various ways of reasoning in school to give chil-
dren a wide toolbox of reasoning to use in their everyday lives.

Another part of the research undertaken by the Vygotsky group was a study of pri-
mary school children’s schoolwork in relation to their understanding of certain con-
cepts. The subjects studied were ‘reading and writing, arithmetic, and natural sci-

> The 1986 edition reads: ‘the child’s conscious comprehension of causal relations” (p. 147).
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ence®” (Vygotsky, 1934/1986, p. 180). Three issues were explored: how mature the
children’s mental functions were when they started school; how instruction influ-
enced the development of mental functions over time; and ‘the nature and signifi-
cance of instruction as a formal discipline” (Vygotsky, 1934/1987, p. 201). The re-
sults from this research showed, according to Vygotsky (1934/1986, 1934/1987), that
(1) children’s thinking is not developed when they start school; (2) as children learn
at school, they gain conscious awareness of what they previously have not been aware,
and development follows instruction (although not directly) — for instance, as chil-
dren learn to write, they gradually gain conscious awareness of sounds they produce as
they speak, and they learn to be able to reflect around how they express themselves;
(3) the abilities developed at school common to all subjects are conscious awareness
and volition; and (4) a child’s mental development (the developing functions) is indi-
cated by what the child can do with help, not what the child can do on its own (al-
ready developed functions). In conclusion, the studies of Vygotsky and colleagues
showed that schooling leads to the restructuring of everyday word meanings through
the introduction of scientific concepts in all subjects, and this leads to the expansions
of the child’s conscious awareness (Vygotsky, 1934/1986, 1934/1987).

Vygotsky further rejected Piaget’s thoughts on everyday concepts as ideas that had
to be overcome in the child. On the contrary, he claimed that the scientific concept
and the everyday concept had to develop mutually, but in opposite directions (see
Figure 4), with both developing the other in a dialectical relationship (development
through opposition within unity). Vygotsky also concluded that the child needs to
have developed a basic everyday concept for instruction to be successful; hence, the
child develops both concepts as they transform:

Thus, while scientific and everyday concepts move in opposite directions in de-
velopment, these processes are internally and profoundly connected with one anoth-
e [emphasis in original]. The development of everyday concepts must reach a
certain level for the child to learn scientific concepts and gain conscious aware-

ness of them. (1934/1987, p. 219).

Hence, according to the Vygotskian view of learning, in order to develop concepts in
chemistry, teaching situations need to include students being able to relate to their
own everyday experiences of chemical phenomena that these experiences can be

¢ The 1987 version also mentions social science here, but no results from social science are discussed or
mentioned after this point in the text.

7 Section removed from the 1986 edition.

8 The 1986 version says: ‘the two processes are closely connected’ (no empbhasis) (p. 194).
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viewed as practical examples of a general principle of chemistry. This, in turn, leads to
a greater understanding of the meaning of the chemical principle.

Scientific
word
Scientific
meanin,
/ "
Everyday organises % enriches
word i
Everyday '/
meaning
Object

Figure 4. Scientific and everyday concepts (word meanings) and their relation to objects (based on a model by Clara,
2017). As a child uses a word in relation to an object, a word meaning is formed. The scientific word has an indirect
relationship with the object via the everyday word, but the scientific word meaning can organise meaning derived from
everyday experience. On the other hand, the concrete and experiential everyday word meaning enriches the scientific
meaning and is necessary for development of the scientific concept (Clara, 2017; Vygotsky, 1934/1987, 1931/1994).
For instance, the everyday word ‘colour change’ forms an everyday meaning (experiential meaning, such as a
connection to mixing) in relation to the test tube in chemistry classroom as shift in chemical equilibrium is studied. The
scientific meaning of ‘shift in chemical equilibrium’ has an indirect relationship to the test tube via the everyday word
meaning of ‘colour change’, which means that the everyday meaning stands closer to the object and mediates the
secondary, scientific meaning-formation in relation to the test tube. As the everyday and scientific word meanings
move closer through education, the meaning of ‘colour change’ enriches the scientific meaning of ‘shift in chemical
equilibrium’, and the meaning of ‘colour change’ becomes an example of shift in chemical equilibrium. Adapted from
Figure 1 in Paper Il (Hamnell-Pamment, 2023a).

According to Vygotsky, conscious reasoning in the adolescent, in terms of the ability
to verbally define the scientific meaning of a concept such as chemical equilibrium,
occurs quite late in the concept’s development — later than being able to apply the
concept to a new situation to solve a problem (Vygotsky, 1934/1987, p. 161). Cogni-
tive research has confirmed that the use of formal (or scientific) reasoning varies from
task to task and that developing metacognitive awareness is part of adolescent devel-
opment (Newman & Newman, 2020).

Vygotsky also proposed that scientific concepts are part of concept systems that are
crucial for the development of conscious reasoning through schooling:

Scientific concepts have a unique relationship to the object’. This relationship is
mediated through other concepts that themselves have internal hierarchical sys-
tems of interrelationships...And once a structure of generalization has arisen in
one sphere of thought, it can — like any structure — be transferred without train-

? The object is not mentioned in the 1986 version which instead only discusses ‘awareness and mas-
tery’: ‘Scientific concepts, with their hierarchical system of interrelation, seem to be the medium within
which awareness and mastery first develop.” (p. 171)
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ing to all remaining domains of concepts and thought. Thus, conscious aware-
ness enters through the gate opened up by the scientific concept [emphasis in origi-
nal]. (1934/1987, p. 191)

Hence, an important part of learning the meaning of a concept such as chemical equi-
librium is through its relation to other concepts such as reaction rate or concentra-
tion. An example of how a concept system in chemistry can be constructed is shown
in Figure 5, where the concept (meaning) of chemical reaction is shown to be defined
through other concepts (meanings).

The meaning of CHEMICAL REACTION

|

can be defined using
l the following concepts J

The meaning The meaning of The meaning of The meaning of
of COMPOUND CHEMICAL ELEMENT REACTANT PRODUCT

Figure 5. My example of a concept system relating to the concept chemical reaction. This example is based on the
definition by Vygotsky of concept systems as a system of connected meanings (1934/1987), and shows the
interdependence of meanings for students learning chemistry. Learning the basic principles of chemical reactions can
lead to abstract thinking around chemical reactions that can be consciously applied to new situations rather than
contextualised thinking bound to each specific reaction (ibid.). However, the meaning of chemical reaction needs to be
mediated through the use of other meanings, such as the meaning of the words compound and reactant, ‘just as a
stitch must be seen as part of the fibers that tie it to the common fabric’ (ibid., p. 193).

As previously mentioned, according to Vygotsky, the theoretical, scientific concept
(or meaning) and the everyday, experiential concept (or meaning), develop mutually.
The scientific meaning developed in school organises the spontanecous, everyday
meaning, whereas the spontaneous, everyday meaning enriches the scientific meaning
through its grounding in visual or otherwise empirical experience mediated through
everyday words. In addition to sign-mediation, the types of words of signs a student
chooses to use in the classroom in a learning situation determines the outcome of the
students’ reasoning: the use of everyday language and its lack of a concept system
brings arguments that are rich in experience but poor in abstraction (Vygotsky,
1934/1987, p. 193), and the use of a language rich in chemistry concepts brings
about mediated, abstract reasoning poor in experiential depth (Vygotsky, 1934/1987,
p- 169). The process of learning, according to Vygotsky, meant that ‘Everyday con-
cepts are restructured under the influence of the child’s mastery of scientific concepts’
(1934/1987, p. 216), leading to an enrichment of the scientific conceptual meaning
and a changed understanding in the student’s private world. In the chemistry class-
room, this negotiation of meaning occurs through the social use of words and chemis-
try symbols for reasoning around processes and visual phenomena that become the
student’s private experience. Siljé (2010, p. 101) referred to this level of learning as
the microgenetic level, where participation in a variation of learning tasks leads to the
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development of reasoning. More specifically, learning at the microgenetic level in-
volves the restructuring of the everyday meaning the student has developed through
concrete experiences under the influence of the scientific meaning and its related
meaning-system.

Daniels (2008) emphasised the contextual nature of the everyday concept, through
which scientific concepts can find their practical application (p. 41). Views on how
concepts are developed have enormous implications for educational practice and
Vygotsky was highly critical of Piaget’s ideas on learning, which focused on the elabo-
ration of everyday concepts, as well as of education that only stimulated already de-
veloped functions (Vygotsky, 1934/1986, 1934/1987). Hence, Vygotsky would have
been critical of such practices as unguided inquiry as a way of learning science, as this
would not lead to development of children’s thinking. Importantly, as Leontev
pointed out (1997, p. 29), the idea that the use of scientific concepts in education
could stimulate the development of psychological functions went against all educa-
tional theory and practice at the time. For a current perspective, Gredler (2012) sug-
gested that the current focus in schools on covering a lot of content and requiring
young schoolchildren to analyse general patterns not only undermines the develop-
ment of psychological functions (as the child will be forced into acts of memorising
rather than developing their everyday concepts necessary for forming concepts in
adolescence), but also puts impossible demands on young children as they cannot
consciously reflect on their own thought processes without help. In short, the
Vygotskian view of learning can be used to explain the advantages of guided inquiry
learning in science teaching where students are helped to reflect around their experi-
ences of phenomena (Furtak et al., 2012). Guided inquiry in a science subject can
give students not only the possibility to develop concepts short term, but also the
opportunity to develop their ability to think and reflect, which is necessary for future
studies in the subject. In the same way, students’” previous lack of experience of guided
inquiry in science would, according to this logic, lead to poor conceptual develop-
ment and a poor ability to reason abstractly in the science classroom.

4.1.4.4  The zone of proximal development

Of the concepts in learning established by Vygotsky (1934/1986, 1934/1987), the
zone of proximal development (ZPD) remains the most studied (Eun, 2019). Vygot-
sky’s basic conceptualisation of the ZPD regarded the role of instruction in develop-
ment. Vygotsky proposed that instruction drives development, which could be most
easily seen when studying the ZPD:
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Instruction is only useful when it moves ahead of development. When it does, it
impels or wakens a whole series of functions that are in the stage of maturation lying
in the zone of proximal development [emphasis in original]. This is the major role
of instruction in development.'® (1934/1987, p. 212)

Following his observations on the role of the ZPD in learning, Vygotsky proposed
that instruction for school-age children should be aimed at developing mental func-
tions, not already developed ones. With functions, Vygotsky alluded to ‘attention,
memory and thinking’ (1934/1986, p. 175), which he studied in terms of how they
developed as a result of mediation by signs (Leont’ev, 1997).

According to Eun (2019), Socratic dialogue was a possible inspiration for Vygotsky
when he conceptualised the ZPD as part of his theory of psychological development
(p. 19). Eun (ibid.) also identified the ZPD as a unifying concept for mediation and
interiorisation, concepts that are central to Vygotsky’s theory of learning. In short,
learning within the ZPD involves the collaborative negotiation of word meaning
(mediation using psychological tools with the help of a more competent other), as
well as the individuals learning cultural practices of psychological tool-use through
dialogue and later including them as part of their thinking (interiorisation of the use
of psychological tools) (ibid.).

Because the ZPD includes negotiation of word meaning, this means that collabora-
tive work within the ZPD is focused on concept (word meaning) formation. Accord-
ing to Vygotsky’s writings (1934/1987), as a child progresses through school and
develops the ability to mediate conscious thought through the use of words and sym-
bols for reasoning, learning occurs within the realm of meaning formation. In this
realm, concepts (word meanings) negotiated in collaboration with an adult, teacher or
capable peer, are seen as nonspontaneous, whereas concepts (word meanings) formed
spontancously by the child at any level are seen as spontaneous. Spontaneous concepts
are used as part of the negotiation process when relating a nonspontaneous concept to
a concrete object through the mediation of signs within the students’ ZPD; see Figure
6 (Vygotsky, 1934/1987; Clara, 2017).

Clara (2017) argued that development is driven by the child’s formation of
nonspontaneous meanings within instruction, as part of the mutual development of
structurally related nonspontaneous and spontaneous word meanings. Vygotsky gave
the example of the meaning of the word ‘mammal’ (a scientific word meaning that is
nonspontaneous for the school-age child) and the meaning of the word ‘dog’ (which
for the child has an everyday word meaning and is therefore spontaneous); through
education at school-age (primary school) level, ‘dog’” becomes an example of a ‘mam-

mal’ (1934/1987, p. 230; ibid.).

10 Section removed from the 1986 edition.
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Figure 6. Clara’s reinterpretation of concept development in terms of spontaneous and nonspontaneous meanings,
with regard to ‘the child’s formation of a nonspontaneous meaning within instruction’ (Clara, 2017, p. 57). Double
arrows between meanings-signs and meanings-objects indicate that meanings are formed for the relation between the
word and the object that the word refers to. For example, the second-order sign could refer to the newly introduced
word ‘equilibrium reaction’ and the object:sign could refer to the word ‘chemical reaction’ (previously used by the
student to describe the formation of products from reactants) when referring to a phenomenon in a test tube as an
object. Through learning, the spontaneously formed meaning of the word ‘chemical reaction’ becomes reorganised in
relation to the meaning of ‘equilibrium reaction’ (although some reactions mean that 100 per cent of the reactants are
converted into products, this is often not the case). Image reproduced from ‘How instruction influences conceptual
development: Vygotsky’s theory revisited’ by Marc Clara, published in Educational Psychologist, © 2017, reprinted by
permission of Informa UK Limited, trading as Taylor & Taylor & Francis Group, http://www.tandfonline.com.

According to Clard, many interpretations of Vygotsky’s theory of concept formation
have inconsistencies, as scientific concepts are being interpreted as belonging to vari-
ous ontogenic stages depending on the researcher (2017). To resolve this issue, Clara
proposed an interpretation of concept formation as a dialectic between nonspontane-
ous and spontaneous concepts at any ontogenic stage (see Figure 6). According to this
interpretation, nonspontaneous concepts are defined as meanings that children or
adolescents form within instruction as part of collaborative practice, and spontaneous
concepts are defined as meanings that children or adolescents can form on their own.
For instance, ‘mammal’ could be a meaning that is spontaneous for an adolescent but
non-spontaneous for the school-age child. In this way, spontaneous concepts can be
related to vernacular language (see, for instance, Chapter 2.2.1.2). Within this
nonspontaneous—spontaneous dialectic, the spontaneous meanings of the student
mediate the relationship with the object. For instance, the dissolution of a salt as a
nonspontaneous word meaning can be explained through the already known sponta-
neous word meanings of chemical bonds, ions and molecules. The student’s nonspon-
taneous meaning, as it is formed, then becomes a functional equivalent of the teach-
er’s spontaneous meaning. This, in turn, means that there will always be a partial
intersubjectivity of mediated meaning in the classroom discourse while the meaning is
developed. Note that the scientific concept (or meaning) as a cultural construct may
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have a meaning that is defined by the scientific community, but that the spontaneous
meaning formed by the teacher as part of classroom discourse will be dependent on
the local classroom activity (Wells, 2008).

Definitions of the ZPD vary in the research literature. According to Eun (2019),
there are three major definitions:

1. The ZPD as the distance between individual and assisted performance
(leading to research on scaffolding instruction).

2. The ZPD as the distance between understood and active knowledge (cor-
responding to scientific and everyday concepts).

3. The ZPD as the distance between individual activity and societal activity
(leading to a research focus on processes of social transformation).

Clara (2017), on the other hand, divided research about the ZPD into two approach-
es, based on how the ZPD is viewed:

1. The ZPD viewed as a target for assessment of maturing psychological
functions (a developmental perspective).

2. The ZPD viewed as ‘an interpsychological relationship’ between an adult
and a child where teaching and learning must involve continuous social
interaction (an instructional perspective) (p. 51).

According to Clara (ibid.), both perspectives fail to take the other perspective into
account in relation to Vygotsky’s theory, which is clearly aimed at the link between
instruction and development (although he did not think that this relationship was
linear; see Vygotsky, 1934/1987).

Smagorinsky (2018) argued that the ZPD is Vygotsky’s ‘best known as well as ...
most widely misunderstood idea’ (p. 70), particularly with regard to it being used for
promoting various instructional practices, such as scaffolding or peer learning, and
being taken out of its sociocultural and long-term developmental context. According
to Smagorinsky, this is due to superficial readings of Mind in Society (where it is de-
scribed as ‘the distance between the actual development level as determined by inde-
pendent problem-solving and the level of potential development as determined
through problem-solving under adult guidance or in collaboration with more capable
peers’; Vygotsky, 1934/1978, p. 86), and an insufficient insight into Vygotsky’s other
works. Smagorinsky (2018) suggested that scaffolding interpretations have emerged
due to literal interpretations of Vygotsky’s use of the word ‘tomorrow” when speaking
of development. In Russia, ‘tomorrow’ is used as a metaphor for the future — in this
case, the near or distant future in which the children can participate more fully in
their culture’s practices (ibid.).
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Chaiklin (2003) underlined the fact that what is being developed within the ZPD is
intimately related to children’s developmental level, for instance, as defined by Vygot-
sky, pre-school age, school-age, and adolescence. Based on Vygotsky’s writings,
Chaiklin (ibid.) proposed that the ZPD’s focus depends on the demands put on the
child as a result of sociocultural practice, where schooling plays a large part. Within
this context, the ZPD could be used to identify maturing functions in a child. For
instance, school-age children develop their capability to reason using concepts, and
hence, work within the ZPD of a school-age child would include his/her ability to
reason using scientific concepts in collaboration with an adult through imitation
(which, Chaiklin emphasised, is not a mindless activity according to Vygotsky, but
instead implies an understanding due to maturing functions that paves the way for
being able to solve a problem with some help from a teacher or capable peer).

In this thesis, I have chosen to follow the interpretation of Vygotsky’s writings by
Clara (2017), in that I view the ZPD as an individual zone of development that
emerges during instruction as word meanings are negotiated with a teacher or more
competent peer. As word meanings are negotiated, this leads to the development of
word meanings for the learner, as well as the development of conscious, structured
thinking over longer periods of time (Clara, 2017; Vygotsky, 1934/1987). Therefore,
this definition of the ZPD is not solely dependent on social interaction (for example,
homework can be work within the ZPD if it repeats what has been done in class), but
it is always linked to educational contexts (ibid.). I also share Eun’s (2019) view of the
ZPD as a unifying concept of mediation through, and interiorisation of, the cultural
use of psychological tools.

The definition of the ZPD as being dependent of the child’s developmental level is
especially relevant for studying learning at upper secondary school. According to
Clara (2017), at the higher level of education where the adolescent learns to master
abstract thinking, there will be conceptual meanings that are already formed through
schooling and can be applied independently and spontaneously by the student. These
spontaneous conceptual meanings are different from the everyday meanings devel-
oped in early childhood at this developmental stage, and must therefore be distin-
guished as separate entities. However, during the early school years, everyday concep-
tual meanings are equivalent to spontaneous conceptual meanings in terms of their
development; that is, they need to be reorganised in relation to the cultural concept
system within the ZPD (Vygotsky, 1934/1987). Hence (reminding ourselves that,
according to Vygotsky [ibid.], varying types of concepts coexist), when students speak
in the chemistry classroom, they need to negotiate everyday, experiential word mean-
ings from their private worlds, as well as school-developed word meanings they spon-
taneously understand and nonspontaneous word meanings they are in the process of
developing in collaboration with the teacher to understand the object of study from a
chemistry perspective. Learning, from this perspective becomes a much more complex
process.
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As Clara pointed out (2017), it is important to take note of the development of
conceptual meaning over time: as students utilise new ways of reasoning and master
new meanings, certain scientific conceptual meanings will become spontaneous to the
students; that is, meanings are formed independently and can be used for individual
reasoning through the use of signs. A learning situation in an upper secondary school
classroom will reasonably include students who have mastered reading and basic alge-
bra, for instance, and the students will use words and algebraic expressions as part of
their reasoning repertoire. From a chemistry perspective, a student could be expected
to be able to use the word ‘concentration’ for reasoning while studying chemical equi-
librium, for example. The student will then use these spontaneous meanings to form
nonspontaneous meanings in collaboration with the teacher or a capable peer while
discussing a phenomenon (Chaiklin, 2003). Furthermore, as Vygotsky pointed out,
the spontaneous conceptual meaning then changes in terms of its relation to other
conceptual meanings of higher abstraction: ‘the new structure of generalization to
which the child is led through instruction creates the potential for his thought to
move to new and higher planes of logical operations. Since the existing concepts are
drawn into these operations, their structure is also changed’ (1934/1987, p. 233).
Scientific concept systems can be seen as constantly changing as learning progresses
through different school levels (Vygotsky, 1934/1987, p. 232), which is true for the
concept of chemical equilibrium, as discussed in Chapter 2.4.

4.1.4.5  The social influence on language development

The last piece of research summarised in Thinking and Speech is Vygotsky’s group’s
work on private speech (or, as he calls it, ‘egocentric speech’) in children. The first
part consisted of a series of experiments with children, all of whom were put in situa-
tions where the social aspects of the situation was reduced, such as with deaf children,
in a private corner, or in a loud environment. All experiments showed dramatic re-
duction in the private speech of the children. In the second part of the research,
Vygotsky’s group studied the composition of private speech and concluded that it
consisted of abbreviated meanings — a ‘flow of thought’ (186, p. 249) — and facilitated
the child’s actions and awareness. Hence, Vygotsky concluded that private speech in
children has a partly social aspect, and rather than it being a sign of egotism that dis-
appears (as proposed by Piaget), it shows the child’s speech development from socially
directed talk to self-directed talk:

Speech for oneself has its source in the differentiation of an initially social
speech function, a differentiation of speech for others. Thus, the central ten-
dency of the child’s development is not a gradual socialization introduced from
the outside, but a gradual individualization that emerges on the foundation of
the child’s internal socialization ... speech is naturally reconstructed and takes
on a new structure that corresponds with its new functions ... Our experiments
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make it clear that the function of egocentric speech is closely related to the
function of inner speech. It is not an accompaniment of the child’s activity. It is
an independent melody or function that facilitates intellectual orientation, con-
scious awareness, the overcoming of difficulties and impediments, and imagina-

tion and thinking."" (p. 259, 1934/1987)

Vygotsky also observed that the word is used as a tool to direct conscious attention
(1934/1987, p. 159). Through the process of concept formation, the word and its
developed meaning can direct the attention of the child and how the child is able to
reflect about his or her reality. Vygotsky (1934/1987) proposed: “The word functions
as the means for the formation of the concept. Later, it becomes its symbol’ (p. 126).
Hence the cultural and collaborative use of psychological tools in the classroom will
influence how children later use these tools for their own sense-making practices.
Vygotsky described this change from social collaborative activity to conscious indi-
vidual mental activity as ‘a transition from inter-mental functions to intra-mental
functions’ (p. 259).

The connection between spoken word and attention was later confirmed by
Galperin’s studies on children’s learning, where children learnt how to direct their
attention during tasks correctly through talking out loud to themselves (Arievitch &
Haenen, 2005). The self-talk gradually disappeared as their performance on the tasks
increased, and the students were eventually able to execute the tasks quickly in their
minds (ibid.). Hence, from this perspective, the language the student is taught to use
in the classroom also reflects what the student is paying attention to and learning.
Vygotsky proposed that words are used in order to direct the behaviour of the self or
others (Vygotsky, 1930/1981, p. 137). Following this, teacher—student dialogue can
be seen as the social origin from which chemistry students learn what to pay attention
to in the laboratory classroom, and how to reason in relation to that experience.

Wertsch (1991) pointed out two important implications from Vygotsky’s theory
regarding the relationship between intermental (social) and intramental (individual)
activity. Firstly, intramental activity will contain traces of the intermental activity
from which it developed. Secondly, reasoning can be both individual and social,
where intermental activity is a joint activity in which the thinking is produced socially
by the participants. According to Davydov (1995), the idea of internalisation, or inte-
riorisation, was critical to Vygotsky’s ideas on development, namely that collective
activity is internalised through the use of cultural signs. This underlines the im-
portance of taking a holistic approach to understanding Vygotsky’s theory of devel-
opment, and including both the study of social interaction and individual reasoning
when trying to understand sensemaking in chemistry.

' In the 1986 version, this section is heavily summarised.
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In relation to this final study presented in the book 7hinking and Speech, Vygotsky’s
last works included suggestions for incorporating the child’s emotional experience in
his theory of development, as a determining factor for promoting developmental
change, a fact that Daniels (2009) claimed has been neglected in most post-
Vygotskian research. According to Vygotsky, the child’s development becomes shaped
by his or her individual emotional experience of the context (perezhivanie) (Vygotsky,
1934/2020). He exemplified this by referring to how differently siblings develop in
the same family conditions, which depends on how much they understand and re-
spond emotionally to their surroundings (ibid.). However, the concept of perezhivanie
was not elaborated further on in Thinking and Speech. According to Lantolf and
Swain (2019), ‘perezhivanie was perceived as an emotional experience that motivates
thinking and that thinking in turn always implicates an emotional reaction to objects
and events’ (p. 529). They also underlined that the ‘emotion-intellect dialectic’ re-
flects that emotions are never distinct from thinking, but that both develop within
unity (ibid.). This means that because emotions affect, for instance, attention,
memory, cooperation and commitment, thinking and emotion cannot be seen as
separate (ibid.). The aspect of the emotional experience will be further addressed as
part of the theoretical section on sensemaking (see Section 4.2).

4.1.5 Definitions

4.1.5.1  How conceprs are defined in the thesis

The focus in this thesis is on the study of the use of psychological tools, such as words
and their representations as part of scientific discourse, and their influence on sense-
making. This thesis utilises the framework for the development of scientific concepts,
or word meanings, proposed by Clara (2017). Showing that current interpretations of
Vygotskian theory vary in their classifications of word meaning in concept develop-
ment, especially regarding the Vygotskian terms spontaneous and nonspontaneous,
Clara proposed a more elaborate definition of word meanings, which allowed for
theorisation that was congruent with Vygotskian theory and, at the same time, al-
lowed for the study of concept development at any school level. Clara (2017) differ-
entiated between three types of word meanings:

1. Everyday word meanings formed through everyday experience during
childhood (meanings lacking a concept system). These word meanings are
both spontaneous (spontaneously formed by the child) and experiential
(grounded in experience).

2. Spontaneous word meanings, which students can form on their own and
use for reasoning. These word meanings include everyday word meanings,
but also scientific word meanings that students have learnt to form on
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their own through schooling. What is spontaneous depends on the stu-
dent’s ability to form a meaning on their own.

3. Nonspontaneous word meanings, which students are in the process of
learning to form. These meanings are formed in collaboration with, or
through imitation of, a teacher or capable peer. Nonspontaneous mean-
ings are scientific meanings formed through the use of words/symbols that
students use to form spontaneous meanings as part of learning within the
ZPD. The ZPD emerges when meaning is developing for an individual
student.

These definitions have consequences for development of word meaning within the
ZPD. During early school years, children will negotiate everyday word meanings in
relation to nonspontaneous, scientific word meanings (Clara, 2017). However, in
later school years, the ZPD will more likely involve negotiation of nonspontaneous,
scientific word meanings with spontaneous, scientific word meanings formed as a
result of schooling (ibid.). An example could be the negotiation of the meaning of
‘equilibrium reaction’ (nonspontaneous concept) in relation to the meaning of ‘chem-
ical reaction’ (spontaneous, scientific concept) defined as the formation of products
from reactants for the students in the present study.

According to Clard’s reading of Vygotsky, spontaneous word meanings mediate the
relationship with the object around which the nonspontaneous meaning is formed.
For instance, the meaning of shift in chemical equilibrium (nonspontaneous mean-
ing) of iron thiocyanate could, for a student, be mediated through the meaning of
colour change (everyday meaning) or the meaning of ‘reaction’ as formation of prod-
ucts from reactants (spontaneous scientific meaning), or both (see Figure 6).

In order to maximise the clarity of what is being studied, these three different defi-
nitions of types of concepts, or word meanings, will be used in the thesis. Since the
study takes place at upper secondary level, spontaneous concepts will be scientific
word meanings that students can form on their own (already learnt concepts), such as
‘concentration’ or ‘reaction rate’. Everyday concepts will be word meanings with an
experiential connection, such as ‘colour change’, and nonspontaneous concepts will
be concepts being learnt, such as ‘equilibrium’.

4.1.5.2  The definition of the social-individual relationship in the thesis

The theoretical perspective on learning in this thesis can be said to be dialectical, as it
defines the social and the cognitive as separate entities of analysis, developing through
interaction within opposition, but part of a continuous whole (Daniels, 2008). As
argued by Valsiner (1998), this does not mean that the social and the cognitive are
regarded as completely separate; rather, as Hicks (1996) pointed out, they stand in a
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dialectical relationship, where the individual utilises cultural psychological tools to
facilitate a ‘reconstruction of social meanings’ as she takes part in collaborative prac-
tices (p. 123). The individual, in turn, can influence the sociocultural setting in a
reciprocal relationship (Daniels, 2008). This stance stands in contrast to some ap-
proaches in the research field more focused on activity, such as those of Rogoft (1990)
or Wenger (2009), that argue that social and psychological factors are inseparable (for
an in-depth analysis, see Sawyer, 2002).

Within this definition of the social-individual relationship, the individual student
can be regarded as an individual agent available to reflect around chemical processes
through the use of interiorised psychological tools that belong to the scientific lan-
guage of chemistry. From this perspective, the language that the student uses and how
it is used becomes vital for mediating the sensemaking process and explaining why
such a process may succeed or fail. In turn, how this language use is taught indirectly
through collaborative sensemaking practice with the teacher also becomes another
important aspect for understanding how and why classroom sensemaking is, or is not,
accomplished.

I will now continue to give an overview of the theoretical perspectives on sensemak-
ing used in the thesis.

4.2  Sensemaking

In this section I will elaborate on the construct of sensemaking used in the thesis, and
relate it to research in chemistry education.

4.2.1 Sensemaking in science education as a conceptual construct

According to Odden and Russ (2019a), sensemaking has for a long time been a frag-
mented construct in science education. Based on the science education literature, they
proposed a definition of sensemaking as:

A dynamic process of building or revising an explanation in order to ‘figure
something out’ — to ascertain the mechanism underlying a phenomenon in or-
der to resolve a gap or inconsistency in one’s understanding. One builds this
explanation out of a mix of everyday knowledge and formal knowledge by itera-
tively proposing and connecting up different ideas on the subject. One also
simultaneously checks that those connections and ideas are coherent, both with
one another and with other ideas in one’s knowledge system. (pp. 191-192)

According to this definition, sensemaking is built within tension: not only tension
between the known and the unknown or two seemingly inconsistent ideas (which
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causes the individual to feel puzzled or surprised, ibid. p. 192), but also dialectical
tension between everyday experiential concepts and formal scientific concepts as they
become part of the process of sensemaking.

Based on the research literature, Odden and Russ (ibid.) proposed that sensemaking
has been researched (and thereby defined) from three perspectives in science educa-
tion:

1. Sensemaking as an approach toward learning in science. Participation in
sensemaking depends on the expectations and goals of the students, and
how the activity in which they take part is epistemologically framed (that is,
their idea of what the activity is all about, which can be memorising, dis-
cussing or having fun). This ‘e-frame’ (Odden & Russ, 2019a, p. 193) can

change on a moment-to-moment basis.

2. Sensemaking as reasoning. Sensemaking involves knowledge integration,
which means that previously learnt models of reasoning are connected to
new models for reasoning in science, which involves working with differ-
ent representations such as equations, particle models or graphs.

3. Sensemaking as a language practice. Sensemaking involves the tension be-
tween building and refining an explanation through critique, and this is a
language practice whereby students must use their own words or own lan-
guage to be able to participate meaningfully. This language practice can
be a practice with others or a personal reflection practice.

From the viewpoint of these three perspectives, sensemaking in science education
involves both social and cognitive aspects, which is similar to Vygotsky’s theory of
learning.

4.2.2  Weick’s definition of sensemaking

According to Weick (1995), sensemaking is driven partly by a need to maintain a
positive self-image in puzzling situations that pose a problem for the individual in
terms of a gap being observed between reality and what is expected. Following this
logic, sensemaking is retrospective, making sense of an event that has occurred, and
social, as it depends both on previous experience (socialisation and cultural influ-
ences) and how others (real or imagined) react to the sensemaking being presented
(ibid.). Hence, to Weick, sensemaking must be grounded in experience. Another
aspect of sensemaking is its ongoing nature, as people’s observations and reflections
are triggered by an interruption to a flow of events that embody what is perceived by
them as normal (ibid).
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Hence, sensemaking occurs ‘in the middle of projects” (Weick, 1995, p. 45) and if
the gap is not resolved, this leads to an emotional response, and can feel threatening
to the individual. Weick argued that sensemaking involves being ‘shocked into atten-
tion’ (ibid., p. 85) for various reasons regarding some discrepancy being observed
(although attention can also be raised through another person pointing out the dis-
crepancy). Shock can also occur from confusion that arises when experiencing a high-
ly complex event (ibid.). This jolt to attention can lead to a narrowing of perception,
selective attention toward what is familiar, and loss of meaning (ibid.). Hence,
Weick’s definition of the emotional aspect of sensemaking lies very close to Vygot-
sky’s concept of perezhivanie and its influence on learning,.

According to Weick (1995), the outcome of sensemaking will be decided partly by
which cues are at hand to the individual; that is, the context within which sensemak-
ing takes place. Weick concluded that sensemaking will take the shape of a ‘good
story’ (1995, p. 61); that is, something plausible and reasonable will be constructed
that is congruent with previous experience, entices agreement from peers and is both
logically and emotionally satisfying.

According to Weick, paradigms with a high degree of consensus regarding how the
world is viewed (such as chemistry) can function as frames for sensemaking, where ex-
amples such as experiments make sense through being ‘stories that exemplify frames’
(1995, p. 131). Through the telling of stories that integrate an event within a larger
frame, enable discussions about and connect between events, guide action and convey
shared values, the complexity of reality and the stress therein is reduced (ibid.).

Weick argued that issues with sensemaking can be more than just the narrowing of
perception and reliance on the familiar during events that cause confusion. People’s
expectations of a situation can also limit what they are able to perceive, especially in
novel situations where people have higher needs both for predictability and a sense of
order in the world (Weick, 1995, pp. 148-153).

Weick’s description of sensemaking can, in many ways, expand on the definition of
sensemaking in science provided by Odden and Russ (2019a) in a Vygotskian sense,
as it includes experiential, emotional, social and perceptive aspects. A difference be-
tween Weick’s framework and that of Odden and Russ is the concept of frame, where
Weick interpreted Goffman’s definition of frame as ‘the structure of context’ that is
mainly a provider of cues (1995, p. 51). These are cues for what is being noticed by
the participants and cues that give expectations for behaviour. People can guide others
regarding what to pay attention to, and thereby influence the process of sensemaking
(ibid). Therefore, Weick’s concept of framing in sensemaking is related to influencing
the actual process, whereas the framing in sensemaking described by Odden and Russ
(2019a) determines whether a student takes part in the process of sensemaking.

I argue that it is necessary to involve both aspects of framing in an analysis of
sensemaking in response to the question ‘what is it that is going on here?” (Goffman,
1974, p. 25), as Goffman included both ideas in his view on frames (frames as cues
for sensemaking and frames as codes for behaviour; see Persson, 2018, p. 63).
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4.2.3  Self-concept and face-work in sensemaking in chemistry

As mentioned previously, Weick (1995) stated that sensemaking is partly driven by a
need to maintain a positive self-image. Within science learning, self-image can be
related to the academic self-concept, which can be described as students” own perceived
ability to perform an academic test and a description/evaluation of the self in terms of
academic ability in relation to others, as well as to their own ability in other subjects
(Bong & Skaalvik, 2002). This is a slightly wider concept than the concept of self-
efficacy, which is a student’s self-judgement of their ability to perform a task based on
experience from individual events (ibid.). The academic concept secks to define the
overall self-estimation of the student in a defined area, whereas the self-efficacy con-
cept seeks to define students’ expectations of their own performance (ibid.). However,
the concepts are related; an increase in student self-efficacy leads to higher engage-
ment on task, greater persistence, and greater performance, which over time leads to
improvement in academic self-concept (ibid.). At the same time, the academic self-
concept is a reliable predictor of academic achievement, as the relationship between
the academic self-concept and academic achievement is reciprocal over time (Wu et
al., 2021).

When it comes to the academic self-concept in chemistry, student-perceived ability
to speak the scientific language of chemistry has a significant positive impact on the
chemistry self-concept (Riischenpéhler & Markic, 2020). The chemistry self-concept
(belief in one’s academic ability in chemistry) is dependent on student persistence
with regard to engaging in chemistry tasks, their self-perceived ability to understand
the scientific language of chemistry, and, to a lesser extent, enjoyment in reasoning
and feeling of teacher support (ibid.). Therefore, the student self-concept that drives,
and is maintained through, sensemaking, is an important factor within the sensemak-
ing process, as positive progress on the task and a feeling of making sense through
language leads to continued involvement in chemistry learning and has a positive
impact on future achievement in chemistry.

The need to maintain a positive academic self-concept in sensemaking can be relat-
ed to Goffman’s concept of maintaining face within an interaction (1955). According
to Goffman (1955), in all social interactions people tend to act out patterns of behav-
iour that express both how they view the situation and how they evaluate the partici-
pants in the interaction. This evaluation tends to be particularly focused on self-
evaluation, as the social interaction supports an image of self to which people are
emotionally attached (ibid.). Goffman refers to face-work as the work in social interac-
tions that is done to avoid threats to the face of the interacting participants (ibid.).
Hence, according to Goffman, a person’s self-concept arises from social interactions
in which the person takes part (ibid.), and the self is defined both as an actor and as a
construction:
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So far I have implicitly been using a double definition of self: the self as an im-
age pieced together from the expressive implications of the full flow of events in
an undertaking; and the self as a kind of a player in a ritual game who copes
honorably or dishonorably, diplomatically or undiplomatically, with the judg-
mental contingencies of the situation. A double mandate is involved. (1955, pp.

237-238)

Following this, it can be expected that threats to student self-concepts in sensemaking
will give rise to tension in conversation and compensatory face-work by the participants.
Based on the literature described above, I propose that the definition of sensemaking
in science education may need to be expanded on in relation to tension in interaction
and participant evaluation in conversation. This issue is further explored in Paper IV.

4.2.4 Sensemaking in relation to research in chemistry education

As I have previously summarised in Chapter 2.1.3, the chemistry triplet is a model for
thinking commonly used in chemistry education research. The triplet involves three
aspects, or knowledge domains of chemistry, involved in sensemaking: the macro-
scopic (experiential), the symbolic (the representational) and the submicroscopic (the
theoretical) domain (Johnstone, 1991). These can be said to represent the nature of
chemistry (Taber, 2013). As mentioned in Chapter 2.1.3, the triplet model has been a
successful framework for studying both chemistry comprehension and communica-
tion and has become almost paradigmatic in chemistry education research (ibid.).
This is likely due to its focus on the role of models and modelling and use of symbols
in interpreting chemistry phenomena, which is both a focus for chemistry educators
and a challenge for students (Taber, 2010). I also mentioned previously that research-
ers interpret the chemistry triplet from different perspectives. Therefore, in terms of
relating sensemaking in chemistry to the chemistry education research, it is necessary
to discuss (a) how the triplet has been defined previously, and (b) how the triplet
model can be used as a framework for studying sensemaking in chemistry.

4.2.4.1  Problems arising from attempts to define the chemistry triplet from various
perspectives in chemistry education research

I will begin by outlining two problems that are faced in using Johnstone’s theory. The
first is that establishing how to define the levels of the triangle is not clear-cut. Vari-
ous researchers have used the triangle in different ways. For instance, all three
knowledge domains have been described as ‘representations’ by some (Gilbert &
Treagust, 2009), while others have claimed that only the symbolic level can be seen as
a representation (Taber, 2013). In the latter argument, a model of an atom would
belong to the symbolic level, but in the former, the submicroscopic. Hence, there is a
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problem of definition depending on whether the triplet is being interpreted as types
of representation of different chemical knowledge or as different conceptualisations
from the perspective of the student. For instance, pH is a representation of an exper-
imental, macroscopic property, a chemical equation is a representation of a symbolic
nature, and a drawn model of an atom is a representation of a submicroscopic entity.
On the other hand, the student can have an experience of a macroscopic phenome-
non and can conceptualise this phenomenon either through a macroscopic model
(through, for instance, describing acids or bases using scientific terminology) or sub-
microscopically (such as through describing the interaction between acid and base
particles), and communicate this through the use of symbols. From this latter per-
spective there is also the problem of defining what is to be included in the experiential
‘macro’ level in an age where images of molecules can be produced experimentally
and therefore be experienced (Talanquer, 2011).

If the triplet is not defined properly, a problem also arises when deciding how to
classify concepts according to the three knowledge domains, which is how to catego-
rise more complex concepts such as ‘amount of substance’ and ‘energy’. These con-
cepts are macroscopic and abstract. For instance, ‘amount of substance’ is a concept
constructed for the purpose of function; that is, to manage macroscopic entities on the
basis of proportionality to the number of particles (Pekdag & Azizoglu, 2013). There-
fore, to say that it is descriptive of a macroscopic property comparable to, say, ‘tem-
perature’ is insufficient since ‘amount of substance’ is inherently zor experiential
(which was the definition in Johnstone’s original model [1991]). However, ‘amount
of substance’ could be used by the student as an experimental property and not as a
conceptualisation of an event. Hence, any definition of knowledge domains becomes
difficult because concepts in some context change meaning depending on their use.

4.2.4.2  Recent tripler re-conceptualisations and their usefulness in

relation to student sensemaking

Attempts have been made to solve the issue of defining the three triplet knowledge
domains. Talanquer (2015) suggested that separating the macroscopic level into an
empirical macroscopic sub-level and a macroscopic sub-level based on models might
be more useful pedagogically, and Taber (2013) suggested separating everyday percep-
tions from conceptualisations within either the macroscopic or the submicroscopic
levels. As mentioned previously, Taber also suggested that shifting between levels
might be gained through the use of symbolic representations, and recommended pro-
posing three new levels: an experiential (everyday) level, a theoretical descriptive level,
and a theoretical explanatory level, where the symbolic level is utilised as a resource to
transfer between the different levels through the use of everyday and subject-specific
language (see Figure 7).
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Figure 7. Learning model for chemistry proposed by Taber (2013, p. 165). According to Taber, learners use scientific
and everyday language to traverse between the different scientific and everyday concepts through ‘re-descriptions’
(ibid., p. 165). Used with permission of The Royal Society of chemistry, from ‘Revisiting the chemistry triplet: Drawing
upon the nature of chemical knowledge and the psychology of learning to inform chemistry education’, Keith S. Taber,
Chemistry Education Research and Practice, 14(2), © 2013; permission conveyed through Copyright Clearance
Center, Inc.

Taber’s model pays homage to the original ideas of Johnstone, by including the idea
of an experiential level of thought, and proposes that learning ‘involves re-descriptions
(represented by the arrows) between everyday language of direct experience and for-
mal representations of the subject at two distinct levels’ (p. 165). This model also is a
much more accurate depiction from a sensemaking perspective, involving both scien-
tific models and everyday experiences and the path between. However, it does not
fully resolve the issue of known concepts being used to describe new concepts in
chemistry, such as the use of ‘rate of reaction’ and ‘concentration’ in describing
‘chemical equilibrium’. It also does not resolve the issue of the same words being used
for experimental properties or conceptualisations depending on the context. For in-
stance, you can measure concentration in an experiment, and you can conceptualise
changes in concentration as part of a theoretical model; therefore, ‘concentration’ has
different meaning in terms of sensemaking in the different contexts.
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4.2.4.3  Reconceptualising the triplet fully in terms of sensemaking

To solve the issue of meaning when interacting with students, it might be possible to
reframe the chemistry triplet from the perspective of student actions in the chemistry
laboratory. A research study was recently conducted on student reflections on the
triplet that involved collaboration with a teacher at the International Baccalaureate
Diploma programme (Thomas, 2017). In this study, the chemistry triplet as present-
ed by Johnstone (1991) was defined from the perspective of student reflections about
their own thought actions; that is, observing, communicating or explaining (Thomas,
2017). Specifically, students were asked to explain different chemical phenomena
using triplet discussion prompts over a period of 20 weeks (see Figure 8). Most stu-
dents found the exercise useful and all were able to follow the prompts to describe
knowledge at the different levels of the triplet.

Guiding questions:

. ) “What can | observe?”
Empirical/Macroscopic “What data can | collect?”
observations
“How can | visualize the events at the “How can | communicate with
molecular/atomic level?” “How can | others about what | observe
make sense of what | can’t see?” and about the data | collect?”
Theoretical/Molecular/Atomic Communicative/Symbolic
explanations representations

Figure 8. A representation of the triplet based on the perspective of Thomas, showing the original reflective questions
given as prompts to the students to promote reflection about the tree knowledge domains of chemistry (2017, p. 540).
From Paper Il (Figure 1, Hamnell-Pamment, 2023b).

In conclusion, in order for an accurate analysis of student triplet use to take place, it is
less useful to use the current theoretical models of chemistry to analyse student use of
concepts, as a concept could have multiple meanings for the student within the act of
sensemaking. It appears to be more useful to let students describe their own actions
by themselves through sorting concepts representing different aspects of the triplet
according to how they use them while making sense of phenomena. Hence, for the
purpose of this thesis, the model of Thomas (2017) was utilised in defining different
aspects of the chemistry triplet based on student actions during sensemaking.

To frame the analysis of sensemaking in this thesis, a clearer definition was made of
the chemistry triplet based on student actions during sensemaking in chemistry,
shown in Figure 9. To relate to the sensemaking concept defined so far in this section,
the macroscopic observations can be related to the experience, which makes the stu-
dent pay attention to an inconsistency or a gap in knowledge (Weick, 1995). The
theoretical explanations (combining the submicroscopic theoretical and the macro-
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scopic theoretical knowledge domains; Taber, 2013) can be related to the theory the
student relates to as known and new concepts are connected in relation to the experi-
ence to build an explanation (Odden & Russ, 2019a). Finally, the symbolic commu-
nications can be related to the connecting to and between the different representa-
tional forms necessary for sensemaking in science (ibid.).

Macroscopic observations
(connecting to experience)

Theoretical explanations Symbolic communications
(connecting to theory) (connecting to and
coordinating representations)

Figure 9. My interpretation of the chemistry triplet in relation to student sensemaking actions, based on Johnstone’s
(1991) original model, the sensemaking definition presented by Odden and Russ (2019a) and Thomas’ (2017) action-
based perspective. For each observable chemistry phenomenon, the student can make a typical observation, explain
this observation using theory, and communicate this using the symbolic language of chemistry. For instance, when
making sense of shift in chemical equilibrium, a student might observe a colour change, explain it as changes in
concentration of the different species due to changes in rates of reaction, and express this information as a graphical
representation, which can then be connected further to the double arrow in the chemical equation.

4.3 Sensemaking in chemistry from a
Vygotskian perspective

I will end this theoretical section by connecting the concepts of sensemaking in chem-
istry to Vygotsky’s theory of learning and development.

4.3.1 Sensemaking in chemistry and adolescent reasoning

According to Vygotsky and later research (Newman & Newman, 2020; Vygotsky,
1934/1987), adolescents can fluctuate between scientific, organised, reasoning using
models and everyday associative reasoning. Hence, from this perspective it cannot be
expected that sensemaking (connecting formal thought and everyday reasoning;
Odden & Russ, 2019) is always accessible to students at upper secondary level. Fol-
lowing Vygotsky’s theories, some guidance within the ZPD (such as showing students
a model on how to solve a problem that they then use to solve similar problems on

their own; Vygotsky, 1934/1987, p. 216) is needed for students to develop formal
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reasoning over time. This can help ensure that students participate in sensemaking
and, over time, can make sense of chemistry phenomena on their own. In this context
it is relevant to comment on chemistry as a cultural practice within a paradigm
(Weick, 1995). From this point of view, chemistry concepts can be regarded as cul-
tural constructs, where sensemaking according to the chemistry triplet needs to be
explicitly guided through scaffolded sensemaking, supporting sensemaking in all three
knowledge domains, which has also been recommended by others (Taber, 2013).
Paper I, which is a pilot study, investigates how concept mapping can be used to look
into how upper secondary school students relate to the triplet knowledge domains.
Paper III (another concept mapping study) investigates how student language use and
achievement level (that is, the available psychological tools) relate to how students
structure their sensemaking in chemistry; in other words, how they organise the
knowledge domains in relation to the triplet model.

4.3.2 Mediation and sensemaking at upper secondary school

As Gredler (2012) has argued, the adolescent develops reasoning that moves away
from context-bound reasoning to the abstract, although this is by no means a uniform
process (Newman & Newman, 2020). Therefore, from a Vygotskian perspective on
sensemaking in the classroom, upper secondary school students should be helped to
purposefully utilise different models and different representations in order to mediate
different perspectives of meaning in relation to observed chemical phenomena. The
models and symbols included in the chemistry triplet can be used as tools for com-
munication of meaning and mediation of thought, leading to the development of
structured thinking, or ‘expert’ practice, which is also outlined by the triplet frame-
work (Johnstone, 1991; Schénborn & Anderson, 2008). This process needs to in-
volve the students using their own words — that is, vernacular (Brown & Spang,
2008) — and shifting between scientific and everyday meanings (Nygard Larsson &
Jakobsson, 2020; Odden & Russ, 2019a). However, as abstract reasoning is still de-
veloping for the adolescent (Newman & Newman, 2020; Vygotsky, 1934/1987),
teacher provision of contextual cues for sensemaking (Weick, 1995) is expected to be
necessary in order for students to mediate these perspectives of meaning. At the same
time, as the students’ personal experience influences their emotional cognitive dialec-
tic (Lantolf & Swain, 2019; Vygotsky, 1934/2020), students need to maintain a posi-
tive academic self-concept in the interaction in order to promote further engagement
(Riischenpéhler & Markic, 2020). A lack of confidence in their scientific language
use to make sense of events can lead to a threat to their self-concept and future
achievement, whereby face-work may be needed to resolve tension in interaction
(Goffman, 1955; Riischenpéhler & Markic, 2020; Wu et al., 2021). Paper IV inves-
tigates the interactional work teachers do to promote sensemaking in teacher—student
interaction.
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4.3.3 The role of scientific and everyday concepts
in chemistry sensemaking at upper secondary school

As discussed above, development according to Vygotsky arises from the tension pro-
duced as everyday and scientific concepts related to chemical phenomena relate dia-
lectically in the chemistry classroom. For instance, a student’s experiential meaning
mediated by the word ‘colour change’ (a macroscopic level word) will stand in con-
trast to the scientific meaning generated when colour change is observed as part of
shift in chemical equilibrium (the theoretical explanation). As everyday meanings and
scientific meanings are contrasted during sensemaking about a puzzling event, the
students can be helped to describe the event using vernacular language (for instance,
concentration change or rate of reaction change communicated through a graph),
thereby making sense of the observed phenomenon through connecting known con-
cepts to the concept being learnt (Odden & Russ, 2019a). As sense is being made, the
student connects the triplet knowledge domains. As the concepts are connected, this
leads from a Vygotskian perspective to a reorganisation of the chemistry meaning
system accessible to the student through mediated thought, where, for instance, con-
centration change of iron thiocyanate becomes an example of shift in chemical equi-
librium. Paper 2 explores the influence of language as a psychological tool for con-
trasting everyday and scientific meanings, and proposes a possible use of concept
maps to facilitate this process.

4.3.4 The ZPD in chemistry sensemaking at upper secondary school

in relation to concept development

I now arrive at the thorniest issue regarding concepts and sensemaking. As part of
learning activities within the ZPD, meanings are communicated and developed in
dialogue through mediation using psychological tools (for instance, chemistry sym-
bols and models), leading to the interiorisation of cultural thought practices (Eun,
2019). Concept formation mediated by psychological tool use occurs as part of prob-
lem-solving activities (Vygotsky, 1934/1987), such as relating the observation of a
phenomenon to chemistry theory. Concept formation from a Vygotskian perspective
involves relating spontaneous and nonspontaneous concepts at various levels of child
development (Clara, 2017). However, as Vygotsky himself pointed out, it also means
overall that everyday, experiential concepts and scientific, organised concepts ap-
proach one another (Vygotsky, 1934/1987). On one hand, Clard’s (2017) argument
for the use of spontaneous and nonspontaneous concepts as contrasting within the
ZPD for the adolescent is reasonable and convincing. On the other hand, the sense-
making process (Odden & Russ, 2019a) and making sense of chemistry (Taber,
2013) clearly involves relating to experience using everyday words, and using both
everyday words and known scientific words to describe phenomena. One way to un-
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derstand this contradiction of ideas is to pay attention to Vygotsky’s description of
adolescent reasoning as often context-bound, and abstract, formal reasoning as only
one of several ways of reasoning accessible to the individual (1934/1987). From this
perspective, a learnt scientific concept cannot be expected to be stably spontaneous.
In other words, the everyday meaning mediated by the everyday word is most likely
necessary to also, on occasion (or often, depending on the student’s previous
knowledge), mediate the relationship between the object and the unstable spontane-
ous meaning mediated by the spontaneous scientific word, before a nonspontaneous
meaning can be formed. This means that the sensemaking teaching situation from a
Vygotskian perspective involves three concepts: the stable, spontaneous everyday
meaning; the unstable and sometimes spontaneous scientific meaning; and the
nonspontaneous scientific meaning that needs to be formed. Paper II illustrates ways
in which students connect these different meanings in concept maps, and Paper IV
illustrates how teachers can guide students through sensemaking.

In the results section, I will elaborate on what my research shows on how student
language use is related to sensemaking in chemistry in the upper secondary school
chemistry laboratory. First, however, I will delve more deeply into the methodology
and methods utilised for the thesis.
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5 METHODS AND METHODOLOGY

5.1 Methodological approach

5.1.1 Choosing the qualitative research approach

At the beginning of my PhD studies, the main question I wished to seek the answer
to was: what kind of learning happens in the chemistry laboratory? From the research
that I initially read (Abrahams & Millar, 2008; Hofstein, 2017; Hofstein & Lunetta,
2004; Lunetta et al., 2007), it seemed that there is limited research on what makes the
laboratory environment particularly useful for learning compared to other forms of
practice, leading to questions about the reasonableness of spending money on practi-
cal lessons (Hofstein, 2017). Having spent several years in chemistry labs, including
teaching, I felt that there is something crucial that happens when a student encoun-
ters chemistry through practical learning, although I could not quite define what it
was. Not being willing to limit myself to pre-defined answers within deductive meth-
odology, I turned to qualitative methodology in trying to find out the answer to my
question.

Qualitative research methods concern understanding a phenomenon by studying
contextual data, natural settings and the point of view of the individuals involved
(Cohen et al., 2018, p. 288). Hence, the researcher focuses on the subjective accounts
of the participants, searching for causes or consequences, often using an inductive
method for authenticity of data and generation of ideas (Cohen et al., 2018, p. 289).
Some examples of qualitative, interpretive research methodologies are action research,
ethnographic research, ethnomethodological research, and the case study approach, all
of which belong to the branch of naturalistic research (Cohen et al., 2018). Whereas
action research includes participants as collaborators for authentic change or is even
driven by the participants themselves through several cycles of development of some
issue important to them, the other research methodologies include the researcher as
more of a passive observer of participants and are perhaps less biased towards an

agenda (ibid.).
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The case study method is special in that it uses a range of approaches to study a re-
al-life project or system (for instance a policy or an education reform, or a learning
event) in depth, with a focus on an individual or a group of actors, with the aim of
capturing as much contextual data as possible to provide a holistic view of the case
(Cohen et al., 2018). A good example is the case study by Hughes and Greenhough
(2004) on two students’ approaches to homework; the study elegantly demonstrated
how contextualised the efficiency of homework can be by the narrative description of
two contrasting cases. The researcher generally chooses several methodologies to gain
multiple perspectives, and might use both ethnography and survey, for instance, as an
approach (case studies are usually non-interventionist; Cohen et al., p. 188). The
methods used in a case study could be both qualitative or quantitative and depend on
the nature of the case or cases being studied; however, observation is usually used
(Cohen et al., 2018, p. 385). Hence, the case study could be regarded as having a
pragmatic methodological approach rather than being driven by a particular philoso-
phy, and could therefore include, for instance, elements of experiment and ethno-
graphic research, as long as it is focused on a case (or several cases in the case of com-
parative case studies). The case is defined by its context and boundaries in time and
space (Cohen et al., 2018, p. 377)

Apart from different qualitative research variants representing different views and
assumptions regarding the researcher, the worlds being studied, and the participants,
all essentially naturalistic methods have drawbacks due to their focus on particular
events or individuals, which gives rise to low generalisability that is only applicable to
certain contexts (Cohen et al., 2018, p. 289). What they gain, however, is an under-
standing of individuals acting in and responding to context, which is usually lost in
quantitative research due to the need for simplification and statistical comparison that
is not always successful in dealing with the more complex issues of human behaviour.
Qualitative research is also interpretive in nature, and naturally dependent on the
researcher’s philosophy and world views when data are being analysed, as well as be-
ing open to bias. Reflexivity is an important part of the work ethic of the qualitative
researcher, as no observation can be said to be devoid of theoretical basis (Cohen et
al., 2018, p. 648), and the researcher must be continuously aware of being biased.
Hence, respondent validation and using a range of methods are critical to ensure the
validity and reliability of the research (see also Cohen et al., 2018, p. 649), especially
if the data are purely qualitative.

In working with case studies, a wider generalisability can be achieved by appropriate
sampling in a multiple case approach, where the researcher strives to cover a wide
range of variables in the subjects, and validity and reliability can be achieved by trian-
gulation and multiple perspectives, transparency, a sound theoretical basis, thick de-
scription and remaining true to the natural contexts (Cohen et al., 2018, pp. 249—
250, 381-382). Hence, although the case study might abandon some authenticity if
long-time immersion is not attempted, this might well be compensated for by some
sound methodological planning.
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In my research study, I opted for a multiple case study approach to look at the
learning of shift in chemical equilibrium in the chemistry laboratory at upper second-
ary school from several angles. Only some of the data ended up in this thesis, which
focuses on analysis of concept maps and teacher—student dialogues captured on video.
I taught concept mapping to the school classes that I visited so that they could map
out their knowledge of chemical equilibrium before and after the practical lesson that
I observed and filmed. Neither the teachers nor the students involved felt that the
concept maps themselves were agents of any active change, and this was also not the
intention of using concept maps. Rather, their role was to ask questions to students in
a similar way to other ways of collecting research data such as interviews or surveys. I
chose concept maps over interviews to map student knowledge due to the general
theoretical stance of the thesis being that thinking is inherently social (Vygotsky,
1934/1987). From this standpoint, it can be hard to differentiate between contextual-
ised, social thinking and individual thinking in interviews, as cues for sensemaking
from the interviewer can lead to contextualised collaborative reasoning that is hard to
compare across data. Concept maps, on the other hand, provide the same contextual-
ised cues for sensemaking for all students. In this case, these cues included a focus
question, a scaffold, and five given concepts (for more information on concept map-
ping, see Section 5.4.1). The given concepts guaranteed that the use of psychological
tools by the students for sensemaking could be compared across the different con-
texts. Writing is also beneficial for students while they reason as it off-loads working
memory and gives the opportunity to visualise reasoning using drawings and repre-
sentations, thereby encouraging reflection (Chen et al., 2016).

Although collaboration was allowed when the students were learning to construct
concept maps, the concept maps produced for the research study were individually
constructed. In addition to the concept maps, I also collected other data, most im-
portantly the video data, which was used for conversation analysis (I was a passive
observer during filming). In addition, I collected interview data and survey data (see
questions in Appendix A and Appendix B, respectively). For the pilot study only
(which focused on 11 students studying at the International Baccalaureate Pro-
gramme in a city in Sweden), I included a survey question regarding the students’
experienced understanding of the chemistry triplet and of concept mapping (see Ap-
pendix C). It is worth mentioning that I collected the data before my theoretical
framework was developed, so not all of the data were used. I later added focus group
interviews for two of the case studies; however, these data were also not used, other
than for the illustrative quotes given in Chapters 1 and 8. An overview of the setup of
the study is shown in Figure 10.
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Figure 10. Overview of the case study setup for the pilot study (A) and the five cases (B) from which the data used in
this study were collected.

Qualitative studies of selected student populations can be criticised in that they are
not representative and therefore carry low reliability in their interpretation. However,
the investigation of multiple or typical cases can still bring a contextualised, nuanced
view of reality not achievable through statistical analysis (Flyvbjerg, 2001). To achieve
a maximally differentiated student sample for the purpose of collecting a wide range
of scientific language in the data, a maximum variation sampling strategy was utilised
in choosing schools to participate in the study. Such a strategy can be very successful
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at generating descriptions of typical contexts (Abrahams & Millar, 2008), and carries
higher reliability (Cohen, Manion, & Morrison, 2018, p. 157).

I chose to provide the students with psychological tools for their concept maps. As
these tools can be regarded as ‘hints’, in the same way as the teachers give hints to
their students as they build explanations about chemical equilibrium (Vygotsky,
1934/1987), the study as a whole can be regarded as being focused on the ZPD; that
is, what the students are learning rather than what they have already learnt.

I will now move on to discussing the sampling for the multiple case study, and then
describe the participants and the data collection for this study.

5.1.2  Choices made regarding sampling

As the purpose of the multiple case study was to examine language use and sensemak-
ing at upper secondary school level, it was necessary to use purposive sampling to
make sure to include the representation of a wide range of student achievement levels
as well as learning contexts in the data. Maximum variation sampling (including two
different school systems taught in two different languages, and urban/small
town/academic areas) was utilised both to increase the transferability of the study
results between contexts (Miles, Huberman and Saldafa, 2014), and to make the data
as rich as possible to ensure the applicability of its interpretation (Cohen et al., 2018,
p. 157). Five school classes in Sweden were chosen; this was considered an adequate
number for descriptive statistical analysis while maintaining qualitative analytic depth
in terms of interpreting the concept maps, although it needs to be noted that any
comparisons of qualitative data need to be based on the similarity of the local contex-
tual factors (Miles et al., 2014). To increase the comparability, a choice was made to
collect data from similar educational contexts; that is, the practical study of shift in
chemical equilibrium at upper secondary school.

Four schools were approached and chemistry teachers were asked to volunteer for
participation in the research study, which included a concept mapping class, observa-
tion and filming of a practical lesson in shift in position of equilibrium, two inter-
views with the teacher about the students and the lesson, possibly a group interview
with a few of the students, and the collection of student materials including concept
maps, a qualitative survey, and student achievement levels. The teacher was asked to
prepare the students as usual in the lead-up to the practical lesson, and then give up
the lesson prior to the practical lesson to the researcher for the teaching and construc-
tion of student concept maps. Because of the low number of students in the classes at
one of the schools, two classes led by two different teachers were studied at this school
(Classes III and V; see Table 2).
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Table 2. A summary of the contexts surrounding the students participating in the multiple case study. From Paper IlI
(Hamnell-Pamment, 2023b).

Class School School School Number of Year Teacher’s description of
system type area participating students class during interview

| Swedish Municipal | Inner city 18 2/3 Disengaged, but motivated
during practical work

Il Swedish Municipal = Small town 21 2/3 Mostly motivated, calm and
quiet

1l IB Municipal | University 12 172 Motivated and hard-working

town
\% Swedish Private Inner city 28 2/3 High-achieving and

disciplined, very concerned
about grades, poor in
conceptual knowledge

\Y% IB Municipal | University 10 12 Dedicated and engaged in the
town subject”

A limitation in the sampling was that only very experienced teachers at supportive
schools chose to participate in the study. Hence, the student sample cannot be regarded
as typical of students in Sweden; rather, it is a data sample produced in optimal student
conditions in a variety of settings. However, Flyvbjerg (2001) argued that there is a
particular value in the investigation of favourable cases, in that they represent a best-case
scenario and therefore carry inherent generalisability to less favourable cases.

Methodologies and perspectives were triangulated, with the aim of achieving conver-
gent validity in the interpretive analysis (Cohen, Manion, & Morrison, 2018, p. 381).
Analysis of video recordings (teacher—student learning dialogues) and student concept
maps formed the basis of the analytic work. To further understand the collaborative
management of social interactions in the laboratory classroom, as well as student indi-
vidual reasoning in the concept maps, semi-structured teacher interviews were conduct-
ed before and after the practical (for questions, see Appendix B). I could have collected
more contextual data, through such means as observing the teaching of the classes prior
to the practical class, rather than relying on teacher interviews. Then, contextual infer-
ences could perhaps have been made about the social origin of the language in the con-
cept maps, which was not possible based on the chosen methodology.

While students’ conceptions of chemical reactions in Sweden do not appear to dif-
fer significantly from those of other countries, they may still be influenced by local
teaching practices or textbooks used (Andersson, 1990a). Teachers in the sample also
used different textbooks from each other (except for the teachers of Classes I and II,
who used the same book; see Table 2 for a summary of the sample), but the general
outline of the teaching of chemical equilibrium (taking a qualitative kinetic approach,
proceeding from reaction rates to chemical equilibrium) was very similar across con-
texts in the study, and has been shown to be a general practice in chemistry teaching
at upper secondary school (Driel & Griber, 2002). Common issues with understand-
ing chemical equilibrium shown in international studies (Driel & Griber, 2002; Pi-
quette & Heikkinen, 2005) were also represented in the sample, which indicates that
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the way the students reasoned in the sample would likely be transferable within an
international research or teaching context.

The practical lesson related to shift in chemical equilibrium in Swedish schools is
usually not very complicated in terms of equipment, and is focused on eliciting stu-
dent reasoning about shift in chemical equilibrium. Hence, since the concept map-
ping class took place just before this practical lesson, it was reasonable to assume that
all teachers had prepared their students theoretically before they were asked to pro-
duce the concept maps (which was also the case, more or less, according to the inter-
views).

Previous research shows that speaking a different language at home to the school
language is negatively correlated with science achievement, whereas reading compre-
hension proficiency is correlated with higher science achievement (Van Laere, Aesaert,
& van Braak, 2014). The developing segregation in the Swedish school system has led
to increased inequality in schooling (Yang Hansen & Gustafsson, 2016). This means
that, to understand causality, it is important to study what is happening to learning in
multicultural classrooms where students struggle with literacy. To allow for compari-
sons between different student groups within the study, contextual factors that have
previously been shown to be related to science achievement — that is, previous
achievement level (Lopez et al., 2014), gender (Martin et al., 2000; O’Reilly &
McNamara, 2007), and whether the students spoke the school language at home
(Van Laere, Aesaert and van Braak, 2014), either fully, partially, or not at all — were
collected from the students as part of a survey at the end of each case study.

5.2 Comments on the participants

Students (N=88) aged 16 and 17 from five upper secondary school classes participat-
ed in the multiple case study, with achievement ranging from low-achieving to very
high-achieving, as judged by previous course grades or term grades (grades from the
course of Chemistry 1 [Kemi 1] for the Swedish school system or achievement levels
for the International Baccalaureate [IB] school system'?). Most students had little or
no previous concept mapping experience before the study. The inner-city school class
(Class I) had a high proportion of students who speak a different language at home
from the school language (Swedish), and so did both of the university town IB school

12 In the Swedish school system, students taking science at upper secondary school take a three-year
programme with two years of mandatory chemistry courses (Chemistry 1 and Chemistry 2) usually
taking place during Years 1 and 2, respectively. Chemical equilibrium is part of the Chemistry 2 curricu-
lum. In the International Baccalaureate Diploma Programme in Sweden, which consists of two years of
study and is usually taken after a preparatory year (Pre-DP), chemistry is taken as a continuous course
running over two years and chemical equilibrium is usually studied during the spring of the first year.
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classes, for whom the school language was English (Classes III and V). Thirty-six per
cent of the students spoke a different language at home than the school language.

The highest grades (A or 7) were slightly overrepresented in the sample."

A significant proportion of students, whose previous grades were mostly in the mid-
range (D/C or 4/5; but also, occasionally, E or B or 6), did not wish their grades to be
connected to their work or their personal information. This group is presented in the
results graphs in a separate column as x’. An overview of the distribution of previous-
ly assessed achievement levels or grades in the sample is shown in Figure 11.

The teachers involved in the study all had 15-30 years of experience teaching chem-

istry.

25 mA/7 (n=27)
B/6 (n=14)
C/5 (n=9)
D/4 (n=5)

E (n=8)

#F/1,2,3 (n=9)

2 X (n=16)

%

Class| Class Il Class Il Class IV Class V

Figure 11. Distribution of previous grades (Swedish school system) in the student sample in terms of number of
students in each grade or achievement level, here shown divided over the five student groups (I: municipal, inner-city,
Swedish school system; II: municipal, small town, Swedish school system; Ill: municipal, university town, International
Baccalaureate school system; IV: private, inner-city, Swedish school system; V: municipal, university town,
International Baccalaureate school system, during COVID-19 pandemic). F or 1, 2 or 3 represent failing grades in the
Swedish or International Baccalaureate school system, respectively, and x represents students who did not wish for
their grades to be connected with their work or their personal information. From Paper Il (please note the addendum
to the figure legend compared to the article: x[n=16] instead of x[=12]; the graph itself has not been affected by this
article error).

13 In the Swedish grading system, the highest grade (A) can be said to correspond to extensive and nu-
anced reasoning, a C to extensive reasoning, an E to synoptic but satisfactory reasoning and an F to not
fulfilling the requirements for E. A B grade fulfills the requirements for grade C; also, to a large extent,
Grades A and D work equivalently as a grade in-between E and C (Skolverket, 2010); the IB grades
range from 1 = fragmentary to 7 = comprehensive knowledge (International Baccalaureate Organization,
2017).
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5.3 Data analysis

5.3.1 Description of the coding process

All materials were transcribed or otherwise digitised and imported into NVivo (con-
cept maps, interviews and documents) or Transana (video recordings and video tran-
scripts), where the materials were subjected to several waves of coding from an ethno-
graphic content analysis perspective, meaning that each document or transcript
statement was viewed and interpreted as part of a sociocultural context (Altheide &
Schneider, 2013). Hence, interpretation of student—teacher talk was done in reference
to the contextual information found from collected documents, video recordings and
interviews, as well as the researcher’s own insight into the chemistry teaching context.
When analysing the video recordings, purely practical conversations between the stu-
dents and the teacher that were not relevant to visual interpretation or reasoning
(such as, “Where can I find the water?” ‘Over there’) were not coded.

Constant comparison analysis (Parry, 2004) was utilised to code the data, which
meant all concept maps or video transcripts were coded on the basis of the focus of
each sub-study, with the codes being constantly compared, merged and generalised
where appropriate in a gradual process. As the video materials and concept maps were
analysed, a focus on different perspectives of sensemaking gradually emerged. Hence,
both the choice of sensemaking as a framework and the more specific research ques-
tions for the thesis emerged inductively from the data.

5.3.1.1  Coding of the concept maps

The concept maps were coded using a first wave of coding based on some of the defi-
nitions from the theoretical framework as well as concept-mapping literature. This
meant that the chemistry triplet, Vygotskian concepts and types of language use all
were theoretical concepts that guided how the concept maps were interpreted. These
initial codes were then refined inductively in relation to the data. For example, in
terms of the analysis of the language use in the concept maps, the research literature
guided the definition of categories during the first wave of coding (where different
numbers indicated different degrees of explicitness and precision of student language;
Section 5.4.1.2 outlines the previous research that guided the coding). However, fol-
lowing the example of Besterfield-Sacre et al. (2004), these categories were then re-
fined inductively during the second wave of coding through describing different cate-
gories and subcategories of overall language use in the concept maps. For a full defini-
tion of the final categories of language use in the concept maps, and for coding exam-

ples, see Papers II and III.
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Framework analysis was utilised to facilitate constant comparison of the concept
map codes, which meant that relevant text summaries in the participants’ own words
were charted into a thematic matrix with coding labels. This enabled an overview of
the data for contrasting and comparing groups of codes, refining of the codes into
categories, and providing an overview of the trends in the codes. As part of the
framework analysis, codes were grouped into dimensions within typologies or themes,
where each concept map could only be classified as one particular dimension of a
theme (Ritchie, Spencer and O’Connor, 2014). This analysis was also done in NVivo.
Coding was accompanied by regular memoing (Cohen, Manion and Morrison, 2018,
p- 719), and theme dimensions were explored for interactions across themes and vari-
ables (Ritchie, Spencer and O’Connor, 2014) using the NVivo query function. Codes
in various constellations were run through searches against the variables collected
from the students (previous chemistry grade, language spoken at home versus school
language, gender and concept mapping experience) to look for further patterns. To
optimise the analysis, any patterns found were re-verified in the original materials
(Cohen et al.,, 2018, p. 719). As the data sample was quite large (88 students), quanti-
tative analysis, in the form of descriptive statistics, using SPSS, was performed to illus-
trate the trends in the data codes.

During the concept map analysis, the codes changed only in minor ways as data
from Case Studies IV and V were added, indicating some data saturation (Cohen et
al., 2018, p. 601).

5.3.1.2  Coding of the video recordings

The approaches to coding of the video recordings were two-fold: A first wave of de-
scriptive coding was followed by a second wave containing three coding perspectives:
in vivo coding, coding based on previous research (viewing the conversation from the
perspective of the chemistry triplet), and process coding. Initial codes were developed
from coding a subsection of the data (a detailed transcription and coding of all longer
teacher—student interactions in the video data), and then used as a starting point to
code the rest of the data. Codes were refined as an iterative process and explored for
dimensions and patterns (Miles, Huberman, & Saldafia, 2014). A codebook was de-
veloped to maintain code definitions throughout the coding process. All the video
transcripts were analysed through going back and forth between transcripts and vide-
os in Transana.

5.3.2 Analytical considerations regarding the text analysis
Framework analysis using a constant comparison approach can be an effective way of

dealing with large amounts of qualitative data because it generates possibilities of
constant review (Gale et al., 2013). A notable aspect of framework analysis is that
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closeness to the original data is kept for as long as possible during the analysis, ena-
bling an overview of the themes at the same time as some of the original data are visu-
alised (Ritchie et al., 2014). This means that the researcher can make comparisons
across as well as within cases, which can highlight instances of uncoded data, contra-
dictory coding, or deviant cases (Gale et al., 2013). A possible drawback of the meth-
od is that the coding matrix generates an illusion of quantitative analysis, skewing the
focus toward counting codes rather than looking at variability within themes (ibid).
Another drawback is that framework analysis is time-consuming (ibid.).

According to Altheide and Schneider’s ethnographic approach to document analysis
(2013), documents can be regarded as cultural artefacts generated as part of social
processes situated within a certain context. This means that documents produced
within a context cannot, from this perspective, be interpreted through pure content
analysis. Instead, the ethnographic analyst asks questions such as: How does this text
relate to its larger cultural context? How does the text relate to the setting? Who is the
text produced for? What representational choices have been made? What perspectives
of interpretation of the text can be taken? (Altheide & Schneider, 2013, p. 12). This
type of analysis is consistent with a symbolic interactionist perspective and focuses on
the meaning being produced in the activity, as well as underlining the importance of
interaction between people (ibid.). In order to perform ethnographic analysis of doc-
uments of sufficient quality, the researcher must be familiar with the context within
which the documents are produced (ibid.). This can be achieved through immersion
in the field or immersion in documents (ibid.).

Although I am a chemistry teacher, and therefore familiar with the contexts I have
studied and able to conduct relaxed interviews with other chemistry teachers to com-
plement my classroom observations, it is likely that some of the contextual infor-
mation was lost when I collected my data, as I did not observe the classes I visited for
longer periods of time. For instance, I cannot say a lot about the social milieu of the
classrooms or individual student learning journeys in relation to the concept maps or
conversations studied. In order to study the relationship between social interaction
and learning as change in sensemaking over time, another study would be needed that
focused on studying individual student learning journeys in different social contexts.
However, the use of the language of chemistry studied in this thesis has been analysed
as a cultural construct that mediates a certain meaning within the teaching context
from which it originates. According to Vygotsky (1934/1987), this meaning reflects
both its originating social context and the individual’s thought process.

5.3.3 The use of conversation analysis to study
teacher—student classroom interaction

In Paper IV of this thesis, conversation analysis (CA) was utilised to study teacher—
student sensemaking. CA is a method used by ethnomethodologists that focuses on
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how interactions are managed in conversations (Heritage, 1984). These conversations
can be both general (as in everyday conversations) or institutional such as in clinics or
schools (ibid.). According to Heritage (ibid.), conversational interactions are, from an
ethnomethodological perspective, both ‘context-shaped and context-renewing [emphasis
in original]” (p. 242). This means (1) that a conversational action can only be under-
stood within the context it is being produced, especially with regard to the preceding
actions within the interaction; and (2) that each action will bring context and thereby
understanding of the actions that follow. Hence, less attention is paid to assumptions
about the interaction by the researcher, meaning that CA is largely based on the ac-
tions of the conversation participants (Heritage, 1984). The focus of CA then be-
comes the turns taken within conversation; what these turns say about the overall
structure, or organisation; and conducts that the participants agree on reproducing
and the actions give evidence to (ibid.). Hence, CA focuses both on the common
actions by which conversationalists reflexively manage their interactions in various
ways, and on the overall norms that are maintained through the use of these actions
(Heritage, 1984; Hutchby & Wooffitt, 2008). These actions are often organised in
specific ways. Schegloff referred to sequence organisation as the organisation of differ-
ent actions, or moves, enacted through orderly, turn-based talk (Schegloft, 2007).
Hence, turns of talk can be examined in terms of what they achieve and what their
overall goal is (ibid.). The structure of interaction also provides a basis upon which
the interactants can manage sensemaking within that interaction (Heritage, 1984).
According to Perikyld (2016), ‘the uniqueness of CA...resides in the way in which it
shows how “action”, “structure” and “intersubjectivity” are practically achieved and
managed in talk and interaction’ (p. 1).

The basic unit of analysis for CA is the adjacency pair. According to Schegloff
(2007), an adjacency pair can be defined as follows: (1) It contains two turns at talk;
(2) it involves two speakers; (3) These turns of talk are adjacent — that is, next to each
other; (4) these turns of talk have an order, which means the first part (firsz pair part)
involves an initiation of some sort and the second part (second pair part) is a response
to the first part; and (5) these turns of talk are interrelated — for instance, a question
requires an answer. Because of the relation within the adjacency pair, the first pair
part imposes a constraint on what can be addressed through the second pair part,
whereby the second speaker must either comply with the provided direction or be
noted to not comply.

Institutional conversations, to which teacher—student conversations belong (Hutch-
by & Wooftitt, 2008), tend to have a stricter order of interaction than everyday con-
versations, and often contain chains of question-answer sequences. They can be inter-
preted as embodying a stricter set of normative rules than everyday conversations,
where the exchange of speaker is instead open for negotiation between the conversa-
tional participants (ibid.). The character of institutional conversations is especially
clear in the example of American courtroom talk, where the order of the conversation
is highly structured and a breach of this order leads to sanctions (Drew, 2016). Of
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special interest in some institutional conversations is the asymmetry of position of
competency of the interactants, which can be seen clearly in doctor—patient conversa-
tions, where the doctor’s diagnosis takes precedence over the patient’s own opinion
(Hutchby & Wooffitt, 2008, p. 159). In American courtroom talk, there is a presen-
tation of two parallel realities in front of a jury (Drew, 2016). In the latter context,
maximum expectations regarding what has been said become important; that is, the
version of reality presented by the witness implicitly becomes a block towards other,
more discrediting interpretations (ibid.). Hence, a certain presentation of reality by
the one being questioned can block the questioner’s goals in the interaction. A similar
phenomenon of alternative interpretations of reality can arise when intersubjectivity is
negotiated in science education, which was shown, for instance, through Mortimer
and Wertsch’s (2003) study of a middle-school science classroom. In that study, the
students resisted the move from everyday language to scientific language as the loss of
the everyday context made the conversation irrelevant to them (ibid.), and their eve-
ryday explanations thereby took precedence over the model introduced by the teach-
er. In this way, despite being questioned, the students could resist the threat of irrele-
vance to their everyday experience that the science lesson at that point represented.
Mortimer and Wertsch (2003) also showed, in another conversation, when the every-
day experience was connected to the scientific model, that the students were perfectly
able to make sense of chemical phenomena but that they were doubtful of the utility
of the scientific model compared to their own everyday reasoning. Mortimer and
Wertsch (ibid.) concluded that there is always an inherent conflict between everyday
meanings and scientific meanings in the science classroom, which must be addressed
if science education is to be made meaningful. The balance between asymmetry of
position and alternative interpretations of reality in institutional conversation can also
lead to the formation of spaces of both resistance and autonomy, which can be seen in
primary school, where young children use the conventionalised ways of resolving
conflict in the presence of the teacher and use their own conflict-resolving strategies
in the teacher’s absence (Hutchby & Wooffitt, 2008, p. 198). In conclusion, student—
teacher conversations in chemistry classrooms can be expected to contain alternative
presentations of realities and asymmetry in the positions of competency, which can
lead to threats to student academic self-concepts, as well as a feeling of irrelevance. In
these situations, spaces of resistance and autonomy can arise where students can in-
stead rely on their own ways of solving problems in the absence of the teacher.

Although CA sometimes focuses on single cases, it more commonly searches for
general patterns of interaction in several cases, via thorough descriptions of conversa-
tional turns in interaction (Hutchby & Wooffitt, 2008). In this way, the goal of CA
is to maximise the generalisability of the conclusions from the analysis by showing the
robustness of the proposed model of conversational action (ibid.). Close attention is
also paid to deviant cases and their impact on the model of action (ibid.).

In Paper IV, CA was chosen as a method to study sensemaking in interaction be-
tween students and teachers, based on the method’s affordance in terms of mapping
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how sensemaking is managed in teacher—student interactions. The analytic method
was regarded suitable as a method for exploring teacher’s actions in terms of guiding
sensemaking in the classroom and as a method that could explore tensions in conver-
sation arising from threats to students’ academic self-concepts. Following the basic
tenets of CA, all conversations containing what appeared to be sensemaking aspects
(that is, some kind of explanation being built in order to resolve a student knowledge
gap; Odden & Russ, 2019) were analysed in order to find common patterns of inter-
action.

5.4 Considerations regarding the methods

In this section, I will use the opportunity to elaborate further on the methods that I
have used for data collection and the considerations I made when I planned my re-
search project.

5.4.1 Considerations regarding concept mapping
as a method for studying sensemaking

5.4.1.1  Concept mapping: an introduction

First introduced by Novak and Gowin (1984), concept maps are metacognitive tools
that are used for learning and assessment (ibid.; Novak, 2002). According to Novak
(2002), concept maps are effective tools for evaluating how an individual organises
knowledge into a concept-system, which means their construction also has relevance
to a Vygotskian analysis of concept development. Concept maps (for an example, see
Figure 12) typically have a structure that includes concepts and linking words. Accord-
ing to Novak (2002), concepts are ‘perceived regularities in events or objects, or records
of events or objects designated by a label (usually a word)’ (p. 550; author’s own empha-
sis). This definition of concepts is closely related to Vygotsky’s definition of a concept
as a generalisation (for instance, a ‘chair’ is a generalisation for a type of furniture),
although the Novakian definition puts less focus on the social influence on conceptu-
al meaning (ibid.). According to the Novakian definition, conceptual meaning is
derived from how the concepts are linked to other concepts in a hierarchical structure
(a definition very similar to Vygotsky’s system of meanings, but more explicit) (ibid.).
This can be visualised in a concept map, where concepts can be connected using link-
ing words. The linking words are placed on arrows or lines that tie the concepts to-
gether (ibid.). Together, the concepts and linking words form propositions, which can
be either only read in one way (in which case they are labelled using an arrow) or in
both directions (in which case they are shown as a line) (ibid.). Several connected
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propositions make a concept map. The propositions, or semantic units, can then be
evaluated in terms of their quality, and the overall structure of the concept map is also
evaluated. (ibid.; for a detailed description of concept mapping, see Novak & Canas,
2008). Common patterns exist in concept maps in terms of how knowledge is pre-
sented by the author of the map and can reflect, for instance, rote learning or exper-
tise in an area (Kinchin, 2020).

Focus question: What is the composition of matter?

Concept

Matter Proposition: “Matter is
| composed of atoms.”
is composed of
1

'
Atoms Linking words ~ Proposition: “Atoms
e consist of a nucelus and
are e 5
characterised \ . an electron cloud.
——  bythei consist of
y their
Atomic number // \
4 Nucleus Electron cloud
=~ N
number is | i
unvariable consists of :js a m_z;fiel "
and decides e B Y 535‘3‘” |rjg e
. Protons Neutrons distribution of
the N - .
P n
Electrons
=

Proposition: “The nucleus
consists of protons (p*) and
neutrons (n%).”

Figure 12. An example of a concept map. In a concept map, concepts are connected with linking words to form
propositions, or ‘meaningful statement[s]’ (Novak, 2002). These propositions are connected into a concept map,
where the meaning of a concept is visualised through its connections and position within the knowledge domain
represented by the concept system shown by the map (Novak, 2002). Note that only three out of six propositions are
circled in the concept map above. Based on an example given by Chevron, 2014, p. 50.

Concept mapping was originally based on Ausubel’s assimilation theory of learning,
which states that meaningful learning of a concept means establishment of the con-
cept’s relationship to other concepts already known to the student, as a result of
school instruction (Ausubel et al., 1978; Novak & Gowin, 1984). Hence, the con-
struction of concept maps has the potential to show the learner’s current conceptuali-
sation of an idea formed as part of a learning event.

According to Cafias, Novak and Reiska (2015), an ‘excellent’ concept map has ‘high
clarity, a clear message and communicates key ideas [emphasis in original]” (p. 15), alt-
hough the quality of the proposition appears to be more important to differentiate
students for the purpose of assessment than the overall structure on its own (Ruiz-
Primo et al., 1997; Ruiz-Primo, Schultz, et al., 2001; Srinivasan et al., 2008).

Although concept maps are often constructed with no more guidance than the con-
cepts given as words, they can also be constructed to provide guidance for the learner
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in different ways: Scaffolded maps, or ‘skeleton’ maps, give a pre-defined structure for
learners to work with through a few connected beginning concepts (Canas et al.,
2012, p. 252), and knowledge integration maps have been used in biology to connect
different levels of information (genetic, cellular, organism) about evolution processes
(Schwendimann & Linn, 2016). Given that a connection has already been shown
between non-verbal reasoning skills (measured by the Raven’s Progressive Matrices
test) and concept mapping in science (Mercer et al., 2004), I deemed that concept
mapping was a reasonable choice for studying variations in student sensemaking.

5.4.1.2  Assessment of learning using concept maps

This section discusses concept map assessment in detail. Good (2005) claimed that
three central ways of defining scientific understanding are ‘Explaining science concepts
in terms of other concepts, predicting the outcomes of changes in systems, and solving prob-
lems that involve more than simple, algorithmic recall [emphasis in original]” (p. 345),
where concept mapping is used to define the first of these central ways of understand-
ing science. Concept maps were chosen in this study because they have been docu-
mented to focus students’ attention to main ideas and the structure of knowledge
(Donnell et al., 2002), a focus that, as mentioned previously, is often lacking during
chemistry lessons in the laboratory (Johnstone, 1991). Because of the focus on main
ideas intrinsic to concept mapping, the use of concept maps could provide students
with the support they need to reflect about domains of knowledge in a way that may
not be otherwise possible. This reflection could be considered a supported reflection
within the student’s ZPD, helping the students think about their own sensemaking
(Vygotsky, 1934/1987).

Concept mapping will provide different outcomes depending on how many con-
cepts are given, whether students get to choose concepts from a list, or whether all the
concepts are predetermined (Regis et al., 1996; Ruiz-Primo & Shavelson, 1996). For
instance, pre-given concepts are useful for studying the growth of links between con-
cepts, whereas a list of concepts to choose from enables the study of which concepts
the students find more relevant to use (Regis & Albertazzi, 1996). Finally, giving the
students the opportunity to choose their own concepts can lead to students choosing
less relevant concepts for the subject area, complicating concept map comparative
assessments (Kinchin, 2014; Ruiz-Primo & Shavelson, 1996), but it can also give
students the opportunity to introduce new, more overarching concepts to better show
their understanding (Regis et al., 1996).

The quality of the concept maps produced by students can differ depending on the
overarching subject and the level of the learner, as biology majors can produce highly
complex hierarchical maps (Martin et al., 2000; Pearsall et al., 1997), whereas upper
secondary school students studying chemistry have been observed to mostly produce
non-hierarchical maps of much lower quality in terms of structure and propositions
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(Ruiz-Primo et al., 1997), and even when given concepts have been observed to not
always connect them using valid propositions (Ruiz-Primo, Schultz, et al., 2001).
Low-achieving upper secondary school students have also been observed to take a
more random approach when constructing their maps (ibid.).

Because of the reduced bias in quantitative assessments, the evaluation of concept
maps in the research literature is often quantitative (e.g., Boujaoude & Attieh, 2008;
Derbentseva et al., 2007; Francisco et al., 2002). When used to assess student
knowledge, overall propositional quality in concept maps is an indication of theoreti-
cal understanding of chemistry, as shown in a case study at university level comparing
concept maps with interview answers during a problem-solving event in organic
chemistry (N. L. Burrows & Mooring, 2015). The quality of the concept map propo-
sitions (connections) also indirectly predicts course grades through predicting student
problem-solving capacity, as shown by another study comparing concept maps to
course grade in organic chemistry at university level (Lopez et al., 2011). In that same
study, the authors showed that comparing quality of propositions made it possible to
identify gaps in student knowledge.

When it comes to practicality and ease of assessment, the Shavelson group (Ruiz-
Primo et al., 1997; Ruiz-Primo, Schultz, et al., 2001) developed an effective proce-
dure for teaching concept maps to high-school students of chemistry that focuses on
quantitative assessment of propositions rather than hierarchy. Ruiz-Primo et al.
(1997) showed that the quantitative evaluation of the quality of propositions between
a set number of concepts is a good indicator of student performance on concept maps
from students studying at upper secondary level chemistry, regardless of which topic
is being taught. However, there appears to be a difference between students in terms
of whether they get to choose their own concepts or not — some do better when they
choose their own concepts and others do better when concepts are selected for them
(Shavelson & Ruiz-primo, 2005). Because of the nature of quantitative assessments,
some students may benefit from producing well-developed propositions, including
concepts with low relevance to the topic of the map when they choose their own con-
cepts, which complicates the analysis (Kinchin, 2014). However, it would appear
that, overall, selecting the right concept for concept maps is an important aspect of
student knowledge, as it has been noted that the ability to pick relevant concepts is
correlated with propositional quality (Ruiz-Primo et al., 1997).

In Martin, Mintzes and Clavijo’s (2000) study of concept mapping by biology stu-
dents at university, interconnectedness — that is, the number of cross-links per number
of concepts expressed as a percentage — was instead proposed as a possible measure of
the quality of a knowledge framework. Using this type of quantitative assessment, a
decrease in the interconnectedness score over time was used to demonstrate general
rote learning in the class, observed for both rote learners and meaningful learners
(classified by a self-report questionnaire on study habits) (ibid.). The authors pro-
posed that the measured decrease could be due to the students learning new concepts
but not integrating them well enough (Martin, Mintzes & Clavijo, 2000).
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As these examples have shown, several quantitative methods have been described for
assessing knowledge growth using concept maps. The quantitative analysis of proposi-
tional quality in analysing concept maps has been particularly well established (Cafias
et al., 2015; Ruiz-Primo et al., 1997; Ruiz-Primo, Schultz, et al., 2001; Srinivasan et
al., 2008). The quantitative analysis of propositional quality in settings where all con-
cepts are given to the students has been shown to correlate highly with convergence
scoring, which is a scoring based on a comparison of student propositions to that of
an expert reference concept map (Ruiz-Primo, Schultz, et al., 2001). The most devel-
oped propositional scoring method is a six-level evaluation method developed for
medicine (Srinivasan et al., 2008). However, perhaps due to practical and subject
suitability issues, the four-level ordinal scale used, for instance, by Lopez et al. (2011;
2014) is encountered more often in the literature (see Table 3).

Table 3. Proposition analysis on a four-level ordinal scale from Lopez et al. (2011). Alternatively, a five-level scale can
be used, where Level 4 denotes ‘outstanding’; that is, a complete and deep understanding (Ruiz-Primo, Schultz &
Shavelson, 1997). This type of scoring scale is usually used for quantitative analysis (propositional scoring).

Quality of proposition Descriptions
3 Scientifically correct and scientifically/precisely stated
2 Correct but scientifically “thin" or vague (that is, technically correct but too

general or too vague)
1 Partially incorrect
0 Incorrect or scientifically irrelevant

When students learn concept mapping, there may be some variability in concept
mapping scores depending on both the improvement from practice and the occasion
(‘learner-occasion-domain interaction effect’; Srinivasan et al., 2008, p. 1202). The
improvement could be related to the number of concepts used; in the study by Srini-
vasan et al. (ibid.), an improvement through practice of around 10 per cent of the
total score was noted when learners were given many concepts to work with (50-60).
However, when fewer concepts are used at upper secondary school level, this variabil-
ity has not been noted (Ruiz-Primo, Shavelson, et al., 2001; Yin et al., 2005). In
Srinivasan et al. (2008), map scores also varied depending on what day concept map-
ping took place (possibly related to personal factors and fatigue), and high variability
was noted between subject areas.

Despite being the most popular approach in the research literature (de Ries et al.,
2022), quantitative methods for assessment of concept maps all have limitations de-
pending on how the concept mapping session is planned in terms of freedom or struc-
ture. For instance, if students are given a concept map in which they are asked to fill
in the blanks, this will provide a less accurate result than if they construct a map on
their own. At the same time, it is difficult for novice concept mappers to construct a
concept map from scratch (Canas et al., 2012). In addition, assessment of concept
mapping must consider that the concept maps only represent one facet of the stu-
dent’s knowledge in a subject area (Shavelson & Ruiz-primo, 2005).
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Understanding a subject topic can be regarded as having interconnected knowledge,
continuously progressing into higher levels of understanding (Entwistle & Nisbet,
2013). Therefore, it may be more useful to study concept maps gualitatively in terms
of content and overall structure. It has been suggested that the most useful application
of concept maps as an evaluation tool for chemistry teachers at upper secondary
school is for the qualitative studying of alternative conceptions; that is, the study of
concept map content and organisation over time (Regis et al., 1996). In the same
study, students also appreciated concept mapping as a learning tool (ibid.). Change
over time seems to be a particularly good use of concept mapping for teachers. Longi-
tudinal studies in biology, where concept maps were drawn every 4-6 weeks during
university courses, have shown that free-drawn concept maps grow in complexity over
time, with more concepts, valid propositions and crosslinks added (Martin et al.,
2000; Pearsall et al., 1997). In one of these studies, a difference between rote learners
and meaningful learners (classified according to a self-report questionnaire on study
habits) was shown, where meaningful learners constructed more developed concept
maps (Pearsall et al., 1997). Also, alternative understandings appeared to inhibit
growth in certain knowledge areas, and free use of concepts enabled the researchers to
see simple initial concepts being transformed into more scientific expressions as learn-
ing progressed (Martin et al., 2000). Hence, the qualitative assessment of concept
maps in terms of organisation, content and change appears to be useful for studying
learning in science from a more holistic perspective.

It may also be valuable to study the quality of the connections in the maps that are
produced by students in terms of the overall structure of the map. Kinchin (2020)
described ways of differentiating different types of concept maps based on their struc-
ture in terms of interconnectedness and branching, identifying aspects of reasoning
displayed in the maps such as superficiality, rote learning, dynamic thinking,
knowledge integration, lack of knowledge and unreflective thinking on behalf of the
learner. Overall structural analysis of concept maps can also be used to qualitatively
assess differences in how concepts are connected and integrated in novice compared
to expert reasoning (Kinchin, 2020; Kinchin et al., 2019; Schonborn & Anderson,
2008).

When comparing quantitative and qualitative assessment of concept maps, qualita-
tive assessment of concept maps has been shown to be more useful for evaluating
student reasoning in science education research (Zele, Lenaerts and Wieme, 2004).
However, despite the benefits of qualitative assessment of concept maps, the evalua-
tions are interpretive and dependent on the expertise of the assessor (Zele, Lenaerts
and Wieme, 2004). Because of this issue with interpretive assessment in the qualita-
tive assessment of concept maps, a balance needs to be struck between enabling stu-
dent self-expression and ensuring the possibility of comparative analysis. Comparisons
between students creating structured and less structured concept maps have shown
that students reveal their understandings better when they construct their own maps;
however, this also leads to high map variability where some maps may be less relevant
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to the subject topic (Ruiz-Primo, Shavelson, et al., 2001). To remedy the issue of
difficulties with meaningful comparisons of student concept maps, and to introduce a
better model for concept map assessment in terms of quality, Besterfield-Sacre et al.
(2004) inductively developed a holistic scoring rubric for the qualitative assessment of
concept maps. According to this analysis (ibid.), the three categories necessary for a
complete evaluation of the quality of concept maps were: comprehensiveness (students’
ability to define the subject topic at their knowledge level), organisation (ability to
organise and connect the concepts), and correctness (accuracy as well as level of
knowledge). The scoring rubric of Besterfield-Sacre et al. (2004) also included the
possibility of ranking concept maps into nine different levels (see Table 4).

Table 4. Conversion rubric for holistic scoring. From Besterfield-Sacre et al. (2012). This rubric was used as a model
to differentiate between concept maps of similar character in terms of language use, as part of the inductive coding
process.

Holistic Score 1- 1 1+ 2- 2 2+ 3- 3 3+
Converted Score 1 2 3 4 5 6 7 8 9

For the present thesis, the holistic scoring of Besterfield-Sacre et al. (2012) was uti-
lised as a model to define the different aspects of the qualitative analysis of the con-
cept maps. As methods used to compare the quality of propositions have been well
researched (Lopez et al., 2011; Ruiz-Primo, Schultz, et al., 2001; Ruiz-Primo,
Shavelson, et al., 2001; Yin et al., 2005), categorisations utilised in quantitative analy-
sis of concept maps were also used to inform the coding that laid the basis for qualita-
tive comparisons between concept maps.

5.4.1.3  Concept maps from a Vygotskian perspective

As mentioned previously, concept mapping is based on the cognitive research of Au-
subel, and concept maps have been proposed to be presentations of learner knowledge
structures (Novak, 2002). Based on this supposition, concept maps have been sug-
gested to be useful to evaluate knowledge growth and development (Novak & Mu-
sonda, 1991). Another common way to evaluate student conceptual knowledge is
through interviews (Treagust and Duit, 2008), which is particularly prominent in
science education. Standardised testing can also be used (see, for instance, Gieske et
al., 2022). Hence, the alternatives available to assess student knowledge in chemistry
are based on a cognitivist view of knowledge as existing independently in the mind.
The evaluation of knowledge expressed in interviews with students has been criticised
within the sociocultural field (Mercer, 2008; Schoultz et al., 2001), as knowledge
production is seen as interactive and dialogical. Prescribing to a dialogistic (interac-
tive) rather than a monologistic (input/output) view on learning and communicating,
a sociocultural perspective on human interaction views dialogue as a reciprocal con-
struction that is contextualised and has a sequential organisation, where the produc-
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tion of meaning is reflexive between the participants (Linell, 2001). In addition, a
sociocultural perspective regards expressed knowledge as a result of reasoning through
the use of mediational means, such as words or symbols (Vygotsky, 1934/1987; Jak-
obsson, 2012). Hence, from this perspective, the type of mediational means used
determines the outcome, which is why a Vygotskian analysis of teaching and learning
needs to focus on the types of mediational means used as well as how they are used to
produce an outcome (an expression of knowledge). In the initial considerations for
this thesis, I chose concept mapping as a less intrusive option to study student learn-
ing, where the students could access the same mediational means. I chose the evalua-
tion of student language expressions in concept maps because concept mapping was
less likely to produce a mutual knowledge construction compared to interviews, and
much more likely to show an extensive view of the student’s reasoning compared to
standardised testing. In addition, as the thesis looked at language use rather than
knowledge, the fact that the mediational means (or the psychological tools) are given
to the students becomes less important in relation to how they are used to produce
meaning. Indeed, concept mapping has been proposed to be an act of exploration of
meaning and generalisation from a Vygotskian perspective (Aguilar-Tamayo & Agui-
lar-Garcia, 2008). Student concept mapping is also more likely to produce an expres-
sion of conceptual meanings that might otherwise be ambiguously expressed in inter-
views or free writing (Andersson, 1990a), as it is possible in concept maps to clearly
differentiate between integrated reasoning and rote learning (Novak, 2002). Hence,
concept maps were an advantageous choice in terms of qualitatively evaluating stu-
dent sensemaking from a Vygotskian perspective in the study.

In the context of this study, the expression of sensemaking in the concept maps
must be viewed as a response to the framing of the activity; that is, the presentation
and explanation of the triplet scaffold, and the given concepts. Hence, the student
sensemaking produced should be seen as reasoning using mediational means within a
framed context rather than a response that is continuously produced in interaction
with another person. In this case, the framing of the activity as a scaffolded mapping
activity was judged to be more useful for comparative analysis than the use of free
concept mapping, where students decide the shape of their own maps. The directed
framing of the concept map activity through the shape of the scaffold and a selection
of concepts important for the study could also guarantee analysis relating to concep-
tual connectedness and tripled knowledge domains. From a Vygotskian perspective,
the collaborative, pre-instruction on concept mapping, the scaffold and the given
concepts of the mapping activity can be seen as an invitation to work within the ZPD
when learning how to concept map (Chaiklin, 2003). In addition, when the students
were creating their individual concept maps, they were invited to form a concept
system about chemical equilibrium using the mediational means available (given con-
cepts and scaffold) in order to solve a problem that involved relating this concept
system to an everyday concept steeped in experience (‘colour change’). This meant
that the individual concept maps can also be regarded as having been created as a
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response to an invitation given to the students to both form a concept and make sense
of a phenomenon within the ZPD.

In conclusion, although originally a cognitivist method (Novak & Gowin, 1984),
concept mapping can be interpreted, from a Vygotskian perspective, as a tool for mean-
ing formation (Aguilar-Tamayo & Aguilar-Garcia, 2008), and, if concepts and scaffolds
are given, meaning formation within the ZPD. Utilised for the present study, the execu-
tion and analysis of the same was contextualised, holistic and meaning-based rather than
quantitative or seen as being representative of a mind framework. From a Vygotskian
perspective, concept maps describing and explaining phenomena can be viewed as holis-
tic products of sensemaking mediated through the use of the language of chemistry and
often emerging from collaborative work within the ZPD.

5.4.1.4  Choices made for the concept mapping data collection

I chose to assess meaning formation within the ZPD, as chemical equilibrium cannot
be regarded as a concept that is, or will be, fully learnt at upper secondary school level
(Yan & Talanquer, 2015). Hence, a tension emerged between making sure the stu-
dents were invited to form meanings within the ZPD, and making sure the concept
maps could be assessed for research purposes, and it was within this tension that the
choices formulated below were made.

Kinchin (2014) pointed out the importance of being ‘justified and explicit” when it
comes to designing the freedom of the concept map exercise (p. 46). Because the studies
in this thesis were explorative, it was considered important to give the students freedom
as well as support. Although they should ideally be given the opportunity to choose
their own concepts and connections, as well as how many of these they wished, the lack
of support involved in free mapping is not expected to generate good results from nov-
ices at this level (Canas et al., 2012). Indeed, novice students at this level are expected to
need a starting scaffold as well as a small list of starting concepts, as these students bene-
fit from some structure in drawing their maps for topics that are considered difficult
(ibid.). However, students should still be encouraged to build on this map using their
own concepts. By not using a limited number of concepts, I accepted that a compara-
ble, quantitative estimation of the students’ knowledge level would not be completely
possible. I concluded from the literature that, when assessing concept maps, restricting
the concept use to enable reliable comparisons between students would partially prohib-
it the students from free expression in terms of meaning formation; but also that giving
some concepts to the students would still enable comparative analysis in terms of the
quality of the propositions from a qualitative, holistic perspective.

To make sure that the students’ use of the knowledge domains of chemistry was
propetly investigated, I deemed it suitable to use a concept map design similar to
Schwendimann and Linn’s (2016) knowledge integration map, but using a scaffold
based on the triplet sensemaking heuristic of Thomas (2017); see Figure 13.
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Focus question: How can we describe and explain an exothermic reaction?

Knowledge about exothermic reactions

— \\
can be | can be
e — can be
Empirical/Macroscopic + s ;
s Communicative/Symbolic Theoret|s:a|/MoIecuIar/Atom|c
— canbe . can be explanations
What can | observe? What presented —= MRS EmE ~— presented
data can | collect? as How can | communicate with B ey GEn e DO C.’f G Cets
as at the molecular/atomic level?

others what | observe?

Figure 13. The concept skeleton prepared by the author for the practice concept maps (original colours were purple,
blue and peach). The design of the skeleton was based on the reflection exercise by Thomas (2017), where the
italicised words are quotes from the original exercise prepared for the International Baccalaureate Diploma
Programme (p. 540).

I considered it essential to assert whether the students had learnt concept mapping
before they constructed their concept maps on chemical equilibrium. Therefore, 1
used a similar procedure to the 50-minute training procedure in Ruiz-Primo, Schultz,
Li and Shavelson (2001), with the modification that only five pre-determined con-
cepts were used (compared to 20 in the original study), and students were given free
choice of any other two concepts. This is because the three knowledge levels (macro-
scopic, symbolic, and submicroscopic) were already pre-chosen and pre-structured
concepts in the map, giving a total of eight pre-given concepts and two ‘own’ con-
cepts (the ‘knowledge of chemistry’ concept is not counted because its connections
were pre-decided; see Figure 13). In this way, students could practice choosing their
own concepts while the efficacy of the concept map teaching session could still be
evaluated, and the learner-occasion interaction effect could be kept to a minimum.
Giving an initial list of concepts to the students from the beginning was not regarded
as something that is negative for the quality of the maps produced, or the quality of
the analysis, since the propositions are the essential aspects of the maps (Canfas et al.,
2012). However, a limited number of concepts could force students to add invalid
connections rather than come up with their own (Ruiz-Primo et al., 1997). Hence,
five initial concepts with the option of adding more ‘own’ concepts were given as the
conditions for the study as well as the practice session.

As the concept map in the study has a hierarchical structure (knowledge domains
given by the scaffold), a hierarchical group training session was decided on, although
examples were given of hierarchical, non-hierarchical (Walker & King, 2002), as well
as cyclic concept maps (Derbentseva et al., 2007), as concept maps in chemistry can
take different shapes depending on the topic (see, for instance, Aguiar & Correia,
2016; Burrows & Mooring, 2015; Markow & Lonning, 1998); this can be explained
by the fact that different disciplines in chemistry may either have a central concepr,
several interconnected concepts that can be learnt independently (Green & Rollnick,
20006), or concepts belonging to a process (Derbentseva et al., 2007). These examples
were given to provide the students with an element of freedom when they constructed
their maps, as it was not expected that they would follow the hierarchical structure to
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a large degree (Ruiz-Primo, Shavelson, et al., 2001). Also, allowing for cyclic sub-
structures could possibly increase the explanatory level of the maps (Derbentseva et
al., 2007), as well as allowing for dynamic aspects (Safayeni et al., 2005). The exam-
ples shown during the concept-mapping session were colour-coded for clarity, which
has been shown to be beneficial for the study of finished maps (Aguiar & Correia,
2016; Nesbit & Adesope, 2006). They were also all on the subject of chemistry. The
rationale of keeping the teaching within a chemistry context came from the sociocul-
tural perspective of participating in scientific reasoning as ‘participating in a sociocul-
turally situated speech genre’ (Mortimer & Wertsch, 2003, p. 233); that is, a way of
speaking and reasoning that may not always transfer well between school subjects or
different life situations (Wertsch, 1991; Wertsch et al., 1993).

The concepts given for the study were (Swedish words in parenthesis): ‘colour
change’ (‘fargforindring), ‘= (‘€ was used for Swedish students, being the most
common notation in the books for Swedish upper secondary school), ‘reversible’ (‘re-
versibel), ‘K.’ (‘K’ was used for Swedish students, being the common notation in the
books) and ‘concentration’ (‘koncentration’). The concepts were chosen based on (a)
the content of the IB Diploma Programme syllabus (International Baccalaureate Or-
ganization, 2014) and the content of the Oxford IB Chemistry Course Companion
(developed with the IB; Murphy et al., 2014), as well as (b) the content of three ma-
jor course books for Swedish upper secondary school (Borén et al., 2012; Henriksson,
2012; Sonesson et al., 2013) The students were encouraged to add whichever other
concepts they liked in order to construct their maps (Le Chatelier’s principle is not
included in all books for Swedish upper secondary school, so it was not included here
as a concept, but it was expected to show up in some of the maps; in the end, ‘reac-
tion rate’ was the most common additional concept chosen by the students). Based on
the previous research, I assumed that the use of these beginning concepts should not
significantly influence the language used by the students, nor how they sorted the
concepts as belonging to one of the three knowledge domains. Based on low-
achieving students previously being able to choose simple concepts for university-level
biology (Martin et al., 2000), as well as for high-school-level chemistry with a similar
training procedure (Ruiz-Primo et al., 1997), it was assumed that having to come up
with some own concepts would not inhibit the students from adding to the maps in
the study, and that having a consistent beginning list of concepts for all students
would help the comparative analysis of propositions from a holistic perspective.

In their comparative study of six different concept map assessment methods,
McClure, Sonak and Suen (1999) noted that the mapping task must be kept simple
to keep the instruction time down. The use of a scaffold and few pre-given concepts
to fit the level of the students ensured that the concept-mapping session fulfilled this
criterion. To ensure the production of maps of high explanatory quality, it is also
essential for the central concept or focus question to have a dynamic aspect; that is, to
contain an element of change (a process) (Derbentseva et al., 2007). Canas et al.
(2012) also pointed out that the choice of conditions, such as the focus question,
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central concept and the list of concepts given to students, all restrict the topic of the
map and will affect the quality of the maps being produced. In this study, all three of
these factors were deemed to have been properly considered, as a reaction (a chemical
process) was being studied, the focus question was about describing and explaining
this same process, and students were given a partly structured map with a list of pre-
given concepts since they were novices and would benefit from some structure in
drawing their maps for topics that are considered difficult. In addition, as knowledge
integration maps have not been utilised in the subject of chemistry, but have been
successful in promoting learning in biology (Schwendimann, 2011; Schwendimann
& Linn, 2016), the design of the knowledge integration scaffold was deemed to have
support in the literature.

As mentioned in Section 5.3.1, I utilised coding that was theoretically informed and
framed using previous research in combination with inductive coding in order to code
the concept maps analysed in the thesis. As mentioned previously, the holistic analytic
framework of Besterfield-Sacre et al. (2012), with its three aspects of analysis, was
used as a model for the qualitative holistic analysis of the relationship between lan-
guage use and sensemaking. The concepts of comprehensiveness and correctness (ibid.)
were reformulated based on an inductive analysis of the concept maps as explicitness
(using scientific rather than more vague, deictic words) and precision (learning to use
scientific concepts in a nuanced manner) of scientific language use, respectively, align-
ing the research analysis with studies on science learning for English language learners
(O. Lee et al., 2019). In this thesis, organisation was interpreted as organisation of
concepts in relation to the triplet knowledge domains and organisation of concepts in
relation to everyday and scientific meanings within the ZPD. Research on proposi-
tional analysis (see Table 3) was used to inform the coding on the explicitness of stu-
dent scientific language use. A similar conversion rubric to the one in Table 4 was
used when explicitness and precision of language use were coded, but only when
needed to define the categories of scientific language use further. The results of the
coding in terms of scientific language use can be found in Papers II and III, and con-
tained language use divided into categories 0, 1-, 1+, 2-, 2+ and 3 (description of each
inductively coded category can also be found there). This meant a reduced nuance in
concept map variability for this rubric compared to the framework developed by
Besterfield-Sacre et al. (2004) (six levels instead of nine). The reduced nuance can be
viewed in relation to the fact that the framework of Besterfield-Sacre et al. (ibid.) was
developed for the analysis of learning within the subject of industrial engineering as a
whole, whereas the concept maps for this study concerned a subtopic of chemistry
with less overall complexity.
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5.4.1.5  Finalised concept mapping procedure (lesson held by researcher)

Students were taught concept-mapping by the researcher in the school language (Swe-
dish or English depending on the school) during an 80-minute class according to the
method by Ruiz-Primo ez 4. (1997; Ruiz-Primo, Schultz, et al., 2001), modified to
only show examples from chemistry concept maps. At the end of the instruction on
how to concept map, the students were instructed on the basic idea of the ‘triplet’ con-
cept and constructed triplet-scaffold practice maps collaboratively in pairs on the subject
of exothermic reactions, using five given concepts and any two concepts of their own
(see examples of student handouts in Appendix D). The scaffold was adapted from the
‘triplet’ concept upper secondary school metacognitive exercise provided by Thomas
(2017). During this time, the researcher walked around the classroom and answered any
questions that arose during mapping, except during Study V, where the regular teacher
helped answer questions, due to pandemic restrictions.

At the end of the lesson, the students were given 20-25 minutes to construct individ-
ual, scaffolded ‘triplet’ maps on the subject of chemical equilibrium, using five concepts:
‘colour change’; ‘reversible’; ‘= or ‘@’ for the IB and the Swedish curriculum, respec-
tively; ‘K¢ or ‘K’ for the IB and the Swedish curriculum, respectively; and, finally, ‘con-
centration’. The students were instructed to first sort the concepts into the three differ-
ent types indicated by the scaffold, and to then connect them with links. It was noted
during the classes that the students took a long time placing the concepts (up to 15
minutes for some students). When constructing their maps on chemical equilibrium,
the students were allowed to use as many of their own concepts as they liked in addition
to the five given concepts for the final map. For the pilot study, the topic of this final
concept map was neutralisation reactions (concepts given to students were ‘colour
change’, ‘pH’, ‘acid particles’, ‘base particles’, and ‘proton transfer’).

It was particularly important to establish that the students at this level had learnt the
principles of concept mapping, so a previously established evaluation procedure was
utilised to assess student learning of concept mapping as a technique (Ruiz-Primo,
Schultz, et al., 2001). This evaluation showed that 91 per cent of the participants used
all the concepts provided, 99 per cent used labelled lines, and 99 per cent provided one
or more valid propositions, with no significant difference between the different student
groups (I-V). This result was in line with previous research (ibid.) and it was concluded
that the students had learnt how to construct concept maps in all the classes.

5.4.1.6  Considerations regarding the use of concept maps as a representation of student
sensemaking

According to de Ries et al. (2022), there are four methods of assessing knowledge in
concept maps produced in research studies: (1) counting propositions, cross-links and
categories and using them to calculate, for instance, map complexity or interconnec-
tion; (2) comparing maps to a reference map and focusing on correctness; (3) judging
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overall quality using a rubric; and (4) qualitatively (that is, inductively) focusing on
map content or overall morphology. Each type of analysis carries advantages and dis-
advantages. For example, counting propositions allows for reliable comparisons of
map complexity but can say very little about the quality of the map (ibid.). Usually, a
combination of methods are utilised for evaluating concept maps for research purpos-
es (ibid.). Qualitative analysis has previously been used as one of the best methods for
representing all of the concept map data, and for focusing the analysis on the nature
of student thinking (ibid.). I chose this method because it best aligned with my re-
search question. For the present study, I chose to code both the overall language use
in the concept maps using coding informed by research (using previous research on
assessment of concept maps as a guide to code the concept maps in terms of explicit-
ness and precision of language use), and inductive coding to identify patterns of lan-
guage use in the data. These patterns of language use were then related to inductively
coded map morphology (also initially informed by theory, as Vygotskian concept
relations and triplet concept relations were explored). Hence, no judgement of, for
instance, overall map quality or complexity was made compared to a reference; rather,
I described and compared the types of student expressions in relation to different
variables. Although correctness was judged as part of the holistic assessment of the
scientific language use, this was only done to describe the concept maps in terms of
dimensions of language use.

An objection to this framework for analysing students’ scientific language use
through concept mapping could be that the data gathered would be a snapshot of
student reasoning and not representative of their knowledge. Students slowly make
sense of the abstractions within speech that make up a concept, which they gradually
learn to form on their own through scientific language use (Lemke, 1990). Hence, a
classroom artefact collected at a specific point in time can only be taken for what it is:
a sensemaking product that the student produced at a specific point during learning.
However, comparisons of sensemaking berween students of different achievement
levels and language use, as they study the same science topic, can illuminate how stu-
dents of different abilities and backgrounds are able to make sense of phenomena in
class. Such studies are important for improving classroom equity in science, and illu-
minating student differences in reasoning can be helpful to teachers who struggle with
teaching differentiated classes (Kousa & Aksela, 2019). Concept maps are regarded as
representative of at least part of a student’s knowledge construction on a particular
topic (Novak & Gowin, 1984; Shavelson & Ruiz-primo, 2005).

Affective variables, learning identities and student epistemologies might all affect
what students actually write in their maps. Even though concept mapping has the
benefit of being associated with higher motivation and improved confidence in stu-
dents (Nesbit & Adesope, 20006), it is still important to be aware of the possible influ-
ence of the above factors, such as by observing how the students interact with the
maps in terms of engagement. During the data collection for the research study, it
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was observed that all the students who chose to participate were greatly engaged dur-
ing the concept mapping sessions.

The learner-occasion interaction effect cannot be measured in the present study
since the practice concept map and the study concept map are of different subject
areas. Instead, the validity of the results was evaluated based on qualitative measures.
Poorly taught concept mapping can lead to a discrepancy between the students’ spo-
ken words and what is written in the concept maps (Jin & Yoong Wong, 2010).
Therefore, sensemaking was triangulated (to establish concurrent validity; Cohen et
al., 2018, p. 265) by teacher verification of a sample of the concept maps, and a com-
parison was also made between a sample of the student—teacher dialogue during the
classes and the concept maps of the students involved (in terms of which concepts the
students used, and how they connected them to reason about chemical equilibrium).
No large discrepancies were found between sensemaking in the concept maps, the
teachers’ knowledge of their students, and the classroom dialogues. Most dialogues
developed to a higher level than displayed initially in the concept maps, which is to be
expected from teacher-led sensemaking dialogues. One teacher commented on a high-
achieving student being quite brief in his concept map, just like he was when he
spoke in class (Teacher 1, Interview 2), and another teacher commented that the dis-
connected reasoning in one of the concept maps was typical for that particular stu-
dent (Teacher 5, Interview 2). One teacher commented on the type of elaborate ex-
planation being given in one of the concept maps as being typical for that student
(Teacher 3, Interview 2). Based on these spontaneous comments on the randomly
sampled concept maps, my impression was that they were not only representative, but
could also reflect student classroom mannerisms.

5.4.2 Considerations regarding the use of video recordings
to study classroom activities

A qualitative observation is sensitive to context and uses thick descriptions that are
later used to generate hypotheses (Cohen et al., 2018, p. 544). However, it can be
argued that there is some inherent structure in any observation, as the observer pays
more attention to certain events depending on the underlying theoretical framework
(Cohen et al., 2018, p. 542). Video observation can be used to overcome the inher-
ently selective eye of the researcher (Cohen et al., 2018, p. 556) and is particularly
useful for validation during analysis by, for instance, multiple viewings by several
researchers (Erickson, 2006). However, with the opportunity for increased validity
from thick descriptions comes a risk of data overload, and the importance of the re-
searcher having suitable expertise to interpret the rich material correctly (Cohen et al.,
2018, p. 557). For validity in observation, triangulation is recommended (Cohen et
al., 2018, p. 279); for instance, by confirmatory interviews and other data sources.
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Video recordings have several advantages over observations: (1) they can be viewed
several times from different perspectives; (2) they allow for detailed observations of
social interaction; and (3) they allow for member-checking — that is, participant veri-
fication of their authenticity (Blikstad-Balas, 2017). However, some aspects of video
recording in research can pose challenges for the researcher, which will be discussed in
this section.

5.4.2.1  The issue of reactivity

One issue with video recording in classrooms is whether the camera affects the social
interaction it records. According to Blikstad-Balas (2017), the camera is forgotten
after a short period of time in classroom studies and only remembered intermittently.
However, Cowan (2014) regarded the researcher behind the camera as more of an
intermittent participant, with whom children in classrooms can occasionally interact
as part of their social interaction, but that this can be clearly evidenced from the video
material itself. My experience from data collection was that I had some limited effect
on the classrooms I visited. An example was at the beginning of one lab, where one of
the students clearly acted as if he had an audience and spoke to an invisible third part
about his conversation with the teacher. However, this awareness was not present
during the second and third times the teacher spoke to him, and no one else in the
class displayed this type of behaviour (although the teacher reported that the students
in this class were unusually quiet compared to when the camera was not there). This
‘film set’ effect on the students was only noticed once, and can be countered with
several instances of students being completely unaware of my presence as an observer
(for instance, whispering about their poor understanding or copying their friends
notes in secret in front of the camera). In conclusion, for most of my studies, the
students largely ignored the camera, but there was one study in which there appeared
to be some awareness of my presence in the classroom. On the other hand, it is un-
likely that this would lead the students to reason about chemical equilibrium in a way
that they otherwise would not. In the case where the students were unusually quiet,
the teacher described the situation as being slightly harder to get the students to talk
during the introduction to the lab, but that they otherwise behaved as normal
(Teacher 1, Interview 2).

The teachers seemed to have a more intermittent awareness, possibly because they
were wearing a lapel microphone. This awareness was made obvious by glances at the
camera, such as when one of them commented on the quality of the chemicals. Other
glances were made in relation to them remembering the time and finishing the class
so the students could modify their concept maps and complete the surveys. However,
these incidents were intermittent, as evidenced by the fact that one teacher walked
around with the camera outside the classroom, talking with the microphone on, and
another commented that she forgot that the camera was in the room.
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In conclusion, I believe the camera only had a minor effect on this research study,
and mostly affected the teachers, but not enough to significantly influence the pro-
gression of the sensemaking dialogues in class (which occurred much later than the
introductory sections, as the students usually took about 20 minutes to get started
with the practical lessons). Blikstad-Balas (2017) pointed out that observations and
interviews also affect the participants, and that the special case of reactivity in the case
of video recordings may be exaggerated.

5.4.2.2  Connection between data collection and analysis

Blikstad-Balas (2017) also pointed out two other issues with using video recordings in
educational research. Firstly, data gathering with video is always limited by how much
the video camera can capture. Secondly, the more material is gathered, the more time
demands are put on the researcher. An effect of these issues is that a lot of the video
research in education produces in-depth investigations of short segments of video,
which risks missing data dealing with the sequencing of events and overemphasising
events that may not be typical for the setting (ibid.).

How data are collected and sampled for analysis depends on the interest of the re-
searcher. Some learning events may require longer timescales than others, and then the
researcher must sample a series of important events for learning from a large corpus of
data (Derry et al., 2010). Hence, depending on how the data were collected, there will
always be limitations regarding what conclusions can be drawn from them (ibid.).

When dealing with a collection of video recordings, Derry et al. (2010) suggested
that it can be helpful to plan in advance what to search for informed by previous re-
search. Establishing research questions grounded in theory and literature can also help
in the planning of the collection of artefacts, such as photos and documents involved
in classroom interactions, which can help with triangulation (ibid.).

Because of the difficulty in managing large amounts of video data, Derry et al.
(2010) suggested several ways of organising the video data to aid the analysis: index-
ing the data on site using field notes, creating flow-charts, writing narratives of the
recordings and transcribing a portion of the events. They also suggest a workflow that
involves exploring a few clips in depth to generate tentative explanations for events,
after which more clips are viewed and the explanations are gradually revised to fit the
data through several analytical cycles (ibid.). Finally, the same authors noted that
transcripts and videos should be shared with other researchers, both to elicit multiple
interpretations of events and analytical dimensions and to validate their quality
(ibid.). Regarding which transcription method to use to transcribe video, Cowan
(2014) showed that multimodal analysis of video can have advantages to purely text-
based transcription, in that it can open up for analysis of complex social interactions
that become obscured when only the talk of the interaction is transcribed.
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5.4.2.3  Final video recording choices for the thesis

The lessons studied were practical lessons on chemical equilibrium, where I was a
passive observer. The data collection was focused on teacher—student interaction be-
tween students and their regular teachers. Therefore, two cameras were used in the
classroom: one that covered the writing on the board for the whole-class interaction
and one that filmed the whole classroom that I controlled. I sat at the back, in the
corner of the classroom, controlling the camera as well as the sound recording and
taking notes. The teacher carried a lapel microphone, and a second microphone rec-
orded the background noise in the classroom. This choice was based mainly on the
facts that I only visited the classes for short periods of time and that I wished to min-
imise the presence of the camera in the room. This slightly limited data collection also
helped reduce the time spent going through video recordings. As my focus was on
language use and sensemaking, I felt that it meant I would focus on data pertinent to
the study. As the analysis later revealed, it would have been useful with close-up cam-
eras on student lab sheets as they were often used as references to conversation. To
find out how they were used, I had to instead deduce their implied use from the con-
versation and from the collected materials (for instance, I would deduce from the
conversational context whether a quotient or a chemical reaction was pointed at).
However, bench cameras would have brought much more attention to the filming
and possibly greater reactivity from the students.

Another issue was ethics, in that students who did not wish to be filmed still had
the right to participate in class. Therefore, I had to limit the view of the classroom to
give them space to learn unrecorded. Other setups could have been used, such as a
camera in the ceiling recording the students from the front. However, having control
over the camera helped me navigate when students who did not wish to be recorded
walked across the classroom and into the camera view (after this had happened three
times, I changed the consent forms to inform the students of their personal responsi-
bility to stay on their side of the room). Hence, having control over the camera
helped me be more flexible when unexpected challenges arose. Also, it is possible that
recording the students from the front of the room would have made them much more
self-conscious, and perhaps unwilling to participate in the study.

During the filming, I chose to index the data using field notes in order to easily find
suitable conversations for transcription later. This meant that I noted the topic of the
conversation and the approximate time of the conversation on a pre-made schedule
that divided the recording into five-minute sections. This aided me in selecting longer
conversations for transcription.

When transcribing, I initially used verbatim transcription before later moving into
conversation analysis with a multimodal component. The reason for this choice was
the utility of conversation analysis in studying intersubjective agreement in interac-
tion (Heritage, 1984), which I felt was essential for the study of teacher—student
sensemaking. The use of conversation analysis was elaborated on in Section 5.3.3.
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5.4.3 Considerations regarding the use of interviews
to complement video recordings of classroom activities

The qualitative interview is regarded as a social encounter in which participants are
allowed to discuss their world view (Cohen et al., 2018, p. 506). To fully utilise the
interview as method, the researcher should use it for complex issues and must be an
active listener who takes responsibility for the conversation quality as well as being
responsive to the social situation as it develops (Cohen et al., 2018, p. 518). Face-to-
face interviews can be more reliable than telephone interviews in this case, as the re-
spondent might be more encouraged to confide in an interviewer they can interact
with freely, and the interviewer will be more responsive to social cues (Cohen et al.,
2018, p. 275). Researcher bias (the interviewer having certain expectations that influ-
ence the conversation), as well as aspects of the researcher-respondent relationship
(such as different status or ethnicity), can affect the validity of the interview, as well as
the risk that the respondent feels threatened by the questions or simply does not un-
derstand them, although this bias can be reduced by careful wording of the questions
(Cohen et al., 2018, p. 272-273).

Interviews can have varying degrees of structure, which also affects reliability and
authenticity. While unstructured interviews using an interview guide allow the re-
searcher to be responsive to the interviewee and the unique situation that develops,
this reduces the comparability of the responses, as all topics might not be covered
(Cohen et al., 2018, p. 510). Semi-structured interviews can be flexible in terms of
the wording and the sequence of questions to maintain a natural-feeling conversation
(Cohen et al., 2018, p. 511); however, even with increased comparability, these types
of interviews are not as reliable as interviews with pre-given answers as choices. How-
ever, with greater reliability comes greater superficiality, as well as the risk of annoying
the interviewee (Cohen et al., 2018, p. 513). A middle road in this case could be to
use the same wording in every interview, but no pre-given answers, which would give
higher reliability (Cohen et al., 2018, p. 273); this was the preferred choice in this
research study considering the comparative case study approach. Cohen et al. (2018)
pointed out that questions and probes for an interview must be planned in detail,
even for a semi-structured interview (p. 514). They also suggested using open-ended
questions for more authentic answers (p. 513) and emphasised the importance of
being an active listener (by paying attention and summarising), being polite (not in-
terrupting, being transparent in actions such as checking the time, thanking the re-
spondent, etc.), and establishing good rapport (pp. 518, 521-522). Sometimes, a
member of a certain community (such as a teacher) could gain greater rapport within
a member of the same community, and rapport could also be established by using less
threatening, easy questions at the beginning of the interview (Cohen et al., 2018, p.
519). The use of video materials and artefacts can also build rapport and empower

participants (Cohen et al., 2018, p. 633).
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All of these aspects of conducting interviews were considered and implemented for
the contextual and confirmatory interviews conducted prior to, and after, the video
recordings of the practical classes. The interviews were piloted on teachers twice, once
in Swedish with a native Swedish teacher and once in English with a native British
teacher. As the interviewer, I made sure to present myself as both a chemistry teacher
and a researcher and I conducted teacher-related small talk before and after the inter-
views. I also had a semi-structured interview guide with pre-planned follow-up ques-
tions, where most of the questions were open-ended. I did not take more than a few
words of notes and instead gave my full attention to the interviewee, relying on the
two recording devices I had brought. The first (contextual) interview started with an
easy question (regarding the plan for the practical lesson) and the second (participant
verification) interview started with the viewing of a video clip from the lesson — both
were good conversation starters. The use of the sample concept maps to ask the teach-
ers for their representativeness of the students’ knowledge also engaged all the teachers
greatly in the interview. After each interview, I summarised my impressions in a doc-
ument and kept this to inform later analysis.

5.5 Ethical considerations

5.5.1 Collection of data

For this study, no sensitive data were collected from the participants, and the partici-
pants were at no risk of psychological injury in participating, which meant no ethical
permit was required for the research according to Swedish law (SFS 2003:460). In-
stead, ethical considerations were made according to the general guidelines of the
Swedish Research Council (2011). Participation was voluntary, participants were fully
informed of the purpose of the study and the handling of the data collected, and the
participants could choose to quit at any time. All participants were offered an oppor-
tunity to participate in the study but not be recorded on video, and the camera angle
in the classroom was modified accordingly. As all students were over the age of 14, no
additional parental permission was required (SFS 2003:460 18§). As concept map-
ping could be considered a benefit in terms of learning for the students, it was
deemed ethical that all students in the class participated in the concept-mapping part
of the study as well as the practical, but that data from these students were not col-
lected. Following GDPR, all student data was digitised and pseudonymised during
data handling, and the code lists for identification and the consent forms were locked
in a safe. Video and audio recordings were stored on a separate, password-protected
hard drive, which was also stored in a safe when not in use. As per mutual agreement
between the participants and the researcher, the data will be fully anonymised when
the research project is finalised and before the data are archived.
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5.5.2 Ethical reflections

Apart from following general procedural ethical guidelines, such as the honouring the
participants’ right not to be observed in the classroom (Cohen et al., 2018, p. 557),
there are also general ethical considerations to be made when a research project active-
ly interferes with education. Although educational science has the potential to im-
prove how science is taught in classrooms, an intervention, such as an experiment,
might have side effects such as psychological or emotional effects that could affect the
involved students’ future life and education. In this regard, studies in education could
be compared to clinical trials (Cohen et al., 2018, p. 400), so their ethical aspects
should be given due consideration. For instance, it is not advisable to have a control
group in a study that looks at active learning, where efficacy is well established (Free-
man et al., 2014). The use of concept maps in education is an example of such prac-
tice. Based on these arguments, the studies undertaken during this project needed to
include the availability of teaching of the educational component (concept mapping)
to all participating students, and control groups should not be used. It was also im-
portant to make sure that participation in the study remained voluntary throughout.

With participants giving up some personal information to the study (such as previ-
ous achievement grades, whether they speak the school/university language at home
and reasoning ability in terms of concept map result), there is also important to con-
sider the cost/benefit ratio to the students (Cohen et al., 2018, p. 113). Teaching
concept mapping to the students involved can be considered beneficial to them on a
personal level, but the societal impact of the qualitative research can also be consid-
ered. According to Geertz (1973), it is important to consider the risk contained in
cultural analysis so as not to ‘lose touch with the hard surfaces of life’ while studying
the small and particular (p. 30). Although the present study was not strictly ethno-
graphic, Geertz’ recommendation to look further than description and find the
themes of life (such as urbanisation, status or morality [ibid.]) still applies in terms of
what should be looked for in the analysis to give the project more relevance than
simply educational, to make up for any potential embarrassment students might feel
when they are challenged to express what they know. To keep the mind open to larg-
er, moral issues can also make the contribution to the research field more significant
(Cohen et al., 2018, p. 290). In this case, questions I have sought to answer on a
higher level from my study are: Which students benefit from instruction in the chem-
istry lab, which students do not, and why?
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6 'THE RESULTS OF THE THESIS

6.1 Overview of the results
from the different sub-studies

6.1.1 PaperI

The pilot study was the first study I conducted for my thesis work and it involved 11
students studying acid-base chemistry. In this study, I tested teaching concept maps
to the student group before a practical lesson, let them draw triplet concept maps on
acid-base chemistry, and then piloted a video recording of the practical lesson.

The goal of the pilot study was to examine the utility of triplet concept maps in be-
ing used for the support of knowledge integration (a sensemaking act implied by the
connection between concepts situated on knowledge domains in concept maps) in
chemistry at upper secondary school, and also how the students related to the triplet
concept in their concept maps. Furthermore, I had an opportunity to pilot a video
recording, and I distributed a survey in which the students answered questions about
their experiences of the concept mapping exercise and the aim of the practical lesson.

In the study, the students showed a range of interactivity with the triplet scaffold.
Some students actively connected to the scaffold using their own words in a meaning-
ful way to show that they grasped (or did not grasp) the triplet concepts, whereas
others interacted passively through copying statements from the example I gave out in
class. Other students only used arrows with no linking words on them to connect to
the three knowledge domains, but still used linking words to connect the rest of the
concepts. Later, in the larger data, I saw that students who organised and connected
their knowledge domains also interacted actively with the triplet scaffold (un-
published data). In the pilot study data, the main difference in how the students relat-
ed to the triplet knowledge domains related to their definitions of symbolic concepts
as they described and explained a neutralisation reaction.

Four out of the 11 participants in the pilot study said that they found the idea of
the knowledge domains hard to grasp. A range of how symbolic meaning was defined
was also shown in the sample. Symbolic meaning could be defined as both observa-
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tional and symbolic; symbols could be defined as observations, particles could be
defined as symbols, or there could be a generally poorly defined symbolic meaning in
the concept maps. Students with poorly symbolically defined maps found the concept
mapping exercise particularly useful.

In the study, an attempt was made to look at gender differences in triplet concept
mapping. Although some differences were found in this pilot study, they were later
not found in the full material. However, it was noted in this pilot study that the
methodology used made it possible to compare different variables or contextual data
in relation to the qualitative concept map analysis. Also, the method utilised to teach
concept mapping was regarded as successful.

It was noted that concept mapping possibly cued a theoretical focus regarding the
practical lesson that followed after the concept mapping lesson, as shown by the high
theoretical focus self-reported by the students after the titration lab. However, this
effect needs to be confirmed in further studies.

In conclusion, it appears that triplet concept mapping worked as a support for
sensemaking, especially for students who did not construct defined knowledge do-
mains in their concept maps.

6.1.2 PaperIl

In this paper, I analysed concept maps constructed by 88 students at four upper sec-
ondary schools in the lesson before they participated in a practical lesson involving
shift in chemical equilibrium (Swedish and International Baccalaureate Diploma
Programme). I used a Vygotskian definition for concept development within the
ZPD to define concept formation as the students’ integration of the everyday concept
into a scientific concept system as part of mediated thought within collaborative prac-
tice. This concept system needs to be based on already developed concepts; that is,
known word meanings (Vygotsky, 1934/1987). I also defined this type of concept
formation as a sensemaking practice. Finally, I defined concept mapping as a type of
collaborative practice that guided this reconstruction of word meaning for the stu-
dents. As words mediate meaning formation (ibid.), I then wished to explore how the
scientific language use of the students influenced their concept formation within the
ZPD as part of sensemaking,.

In the data, I found five different ways that students organised the scientific concept
system in relation to the everyday concept:

1. The everyday concept was integrated into the scientific concept system for
chemical equilibrium.

2. The scientific concept system for chemical equilibrium was placed as a
separate section, and the everyday concept was isolated from all other
concepts.
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3. The everyday concept was integrated into a separate experimental concept
system, and the scientific concept system formed a separate theoretical
section in the concept map.

4. No scientific concept system for chemical equilibrium was shown and the
everyday concept was integrated with the learnt concept of ‘concentration’
(one concept map).

5. No connection was shown between the concepts.

The integration of the everyday concept into the scientific concept system outlined by
the students was then compared to the students’ language use (defined as more or less
explicit and precise; Lee et al., 2019). As shown by descriptive statistics, students us-
ing more precise and explicit scientific language in the data sample more often incor-
porated the everyday concept into the scientific concept system compared to students
using vaguer language. Examining how students who spoke another language to the
school language at home fared in this data, a comparison was then made between
school-language native speakers and school-language non-native speakers regarding
how they managed to incorporate the everyday concept into the scientific concept
system. Students who spoke the school language at home also integrated the everyday
concept into the scientific concept system significantly more often than students who
did not. The conclusion from the study was that students’ language use influences
their capacity to participate in sensemaking and learning within the ZPD.

6.1.3 Paper III

In this study, I analysed the same concept maps as in Paper II, but with regard to how
the knowledge domains of the triplet (defined as observational/empirical, communi-
cative/symbolic and explanatory/theoretical) were connected in the concept maps as
part of student sensemaking. I did this because of the strong evidence in the chemistry
education literature that students find it problematic to connect these knowledge
domains as part of sensemaking in chemistry. At the same time, managing to effec-
tively utilise and traverse these knowledge domains is referred to as an expert practice
in chemistry (Johnstone, 1991; Kozma & Russell, 1997; Kozma & Russell, 2005;
Taber, 2013) and lays the foundation for learning the subject meaningfully (Taber,
2013). In the study, I wished to explore how student language use and previous
achievement level was related to students engaging in this type of expert sensemaking
in chemistry. In the data, I found four different concept map types regarding how the
students connected the three knowledge domains:
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1. Concept maps that had structured knowledge domains, language that was
generally clearer than the other concept maps, and more cross-linking
connections between concepts.

2. Concept maps in which the scaffold was connected to in a meaningful
way, showing understanding of the knowledge domains, but where the
rest of the concept map was not completely structured into knowledge
domains. Instead, the students produced linear or branched, parallel nar-
ratives from the scaffold.

3. Concept maps in which symbols were used as observations and/or expla-
nations and where the knowledge domains were less defined. These con-
cept maps also had linear or branched narratives in parallel.

4. Concept maps showing no structure of knowledge domains. These con-
cept maps mostly had vague language in them, although some had explicit
and precise language. The way the concepts were connected was mostly
associative; that is, producing statements instead of an overall coherent
structure.

When I compared these ways in which the students connected observable phenomena
with symbols and theory to student achievement level, I observed a general increase in
explicitness and precision of student language with higher assessed achievement level.
This meant that students with higher achievement level significantly more often (as
shown by the high correlation between the variables) used appropriate terminology,
chose appropriate concepts and were more elaborate in their connecting words be-
tween concepts. However, the language use of the students was not related to how
they connected the triplet knowledge domains.

I also observed group differences in the construction of concept maps, where some
school classes contained students that were, overall, more adept at defining knowledge
domains in chemistry than others. This difference was not dependent on achievement
level. One group with a high assessed achievement level average produced a majority
of Type 1 and Type 2 maps, whereas another student group with a very high assessed
achievement level average showed an overall poor definition of the triplet knowledge
domains in their concept maps. Instead, these concept maps often showed an associa-
tive manner of making sense of chemical equilibrium, where several statements were
produced in an unstructured manner. According to their teacher, this latter student
group was poor in conceptual knowledge and very concerned about grades.

In conclusion, although a well-developed scientific language in terms of explicitness
and precision was highly correlated with previously assessed achievement level in this
study, this language use was not related to how the students organised the triplet
knowledge domains in their concept maps. Students with higher assessed achievement
levels could express linear, parallel narratives indicative of rote learning (Kinchin,
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2020), and students with lower assessed achievement levels could express well-
structured and integrated concept maps indicative of deep learning (ibid.), and vice
versa. Hence, assessment of achievement level in chemistry in Sweden may not always
include sensemaking, despite it being part of both the Swedish and International
Baccalaureate curricula.

6.1.4 Paper IV

In this study, I looked at how sensemaking was managed by four experienced teachers
during practical lessons on the topic of chemical equilibrium. As student experience,
described in everyday words, was connected to the scientific concept system of chemi-
cal equilibrium in all the teacher—student dialogues studied, this study can also be
viewed as a study of how teachers guide concept formation within the ZPD.

The sensemaking dialogues had the same overall structure, which included students
first expressing their pre-knowledge to the teacher in some way (such as a question or
an attempt to make sense of the phenomenon they were observing), and then teach-
er—student sensemaking, which included teacher clues for sensemaking and student
responses.

The three major actions that the teachers used to help students make sense of phe-
nomena in all conversations were:

1. Connecting theory with experience (physical, observational or indirect),
such as connecting a colour change with concentration change

2. Connecting to other means of reasoning through the introduction of al-
ternative concepts (either theoretical or the symbolic representation of the
chemical equation), such as the teacher suggesting that the students think
in terms of reaction rates

3. Managing the conversational tension arising from exposing the students’
knowledge gaps, for instance through pointing out that observing a colour
change can be difficult.

The chemical equation was used as a double referent in some conversations to link
theory and experience and thereby mediate the progression of sensemaking, and
sensemaking was noted to be context-specific; that is, cued by a certain framing pro-
vided by the teacher.

Teachers used various actions to maintain student displays of competency while
managing sensemaking. These actions included:

e  Steering the conversation away from the knowledge gap by introducing al-
ternative concepts to the sensemaking interaction
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e DProviding explanations when students expressed their difficulties in
sensemaking, which meant the teachers took over the sensemaking act
from the student, avoiding further displays of lack of competence

e  Using inclusive pronouns to affirm the student’s belonging to the scien-
tific community

e  Using humour or direct statements to confirm the difficulty of a task
e  Confirming a response as valid from a different perspective

e  Giving hints to the students through gestures and reformulation of stu-
dent contributions.

Sometimes, these actions also simultaneously included cueing alternative concepts,
such as hinting toward the chemical equation. Hence, the teachers managed to up-
hold sustained sensemaking in dialogue through balancing the threat to the student
self as presented in the interaction (Goffman, 1955; Weick, 1995). This was achieved
through various actions that promoted the student being presented as competent
while bringing the sensemaking forward on the basis of the student’s knowledge gap.

In conclusion, the present study has shown how the teachers worked to guide
sensemaking for the students through connecting back and forth between theory and
experience. It has also shown that chemistry teachers showing students as competent
in the interaction despite their knowledge gaps was an integral part of the chemistry
sensemaking practice. Hence, based on both the literature (Criswell, 2012; Oliveira,
2010; Weick, 1995), and the results of the study, I have proposed that the emotional
component of sensemaking needs to be accounted for when studying sensemaking in
a chemistry education context.
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7 DISCUSSION

The research project presented in this thesis utilised a qualitative analytic focus to
explore different aspects of student sensemaking in chemistry, thereby trying to ex-
plain why sensemaking in chemistry might be difficult for some students. Therefore,
the aim of the present study is not to generalise, but to investigate examples of stu-
dent sensemaking. The results of the study can be utilised for the purpose of pointing
out causes of differences in student learning and can then be compared with student
learning in other contexts. In this section, I will discuss the results from the research
project, and point to possible implications for teaching as well as further research.

7.1 A Vygotskian perspective
on sensemaking in chemistry

In this thesis, I have attempted to develop a Vygotskian holistic approach on the
study of language, social interaction and sensemaking in the chemistry classroom.
Looking back on Carlsen’s (2007) definition of the different research traditions
(Vygotskian, conceptual change, sociolinguistics/sociocultural theory and situated
learning) with their various emphases, it would seem that the Vygotskian approach I
have chosen to adopt is more wide-ranging than Carlsen’s definition (ibid.). Accord-
ing to Vygotsky (1934/1987), language use and meaning is central, but the word use
in itself reflects the social interaction from which it was interiorised. To Vygotsky, the
meaning of concepts change via social discourse, and the mediation of meaning
through this discourse is situated (Eun, 2019). Hence, a Vygotskian holistic perspec-
tive can be said to contain all of Carlsen’s aspects, but only in relation to Vygotsky’s
theoretical framework. For instance, the idea of conceptual change becomes a prob-
lem in relation to how this change is defined. In the Vygotskian perspective, concepts
change as their meanings develop and become connected to other meanings through
collaborative mediation in the ZPD (Clara, 2017; Vygotsky, 1934/1987), which
means that students’ alternative conceptions can never really be contrasted against
more convincing societal conceptions and be overcome. Rather, as spontaneous (that
is, everyday and experiential) and nonspontaneous (scientific and systematic) concep-
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tual meanings are placed in opposition through education, they both grow and con-
nect (leading back to Vygotsky’s original problem with Piaget’s view of child thinking
as something egocentric that becomes socialised through education; Vygotsky,
1934/1987). Comparing sociolinguistics/sociocultural theory and situated learning to
Vygotskian theory, their action-based focus becomes a problem with regard to Vygot-
sky’s original focus on the development of consciousness and self-directed action, as
others have observed (Kozulin, 2003; Miller, 2011; van der Veer & Valsiner, 1994).
Hence, the theory of Vygotsky as a framework is needed for the study of language use
(the use of psychological tools for mediation of meaning) and the development of
sensemaking as an interiorised, cultural practice that helps students consciously (ra-
ther than without conscious awareness and action) make sense of their world over
time. Thus, this Vygotskian definition of sensemaking is also very different from a
sociolinguistic or social semiotic practice that focuses on the shaping of or conveying
of meanings on a moment-to-moment basis in social settings.

One could argue that the Vygotskian definition of sensemaking presented in this
thesis is too broad. Each of the perspectives presented by Carlsen (2007) could be
viewed as a framework that is more suited to its individual focus. However, the
Vygotskian framework focuses on the connections among the conceptual, the dis-
course, the cultural and the situated, which enables the study of connections rather
than isolated events on their own — this was, of course, Vygotsky’s purpose from the
start (which emerged as a response to what he viewed as a problem in psychological
research in general; Vygotsky, 1934/1987). When different aspects of learning and
development are studied in isolation, their connections are not considered, which has
implications on the research produced as well as the practices in schools. For example,
teaching focused on the development of the child is very different from teaching fo-
cused on overcoming a student’s alternative conceptions. Given the increased focus
on the influence of context on learning in science education (Duit & Treagust,
2012), the Vygotskian perspective on sensemaking developed in this thesis can be a
useful framework for researchers who find the ‘cognitive-situative divide’ (Vosniadou,
2007) hard to overcome.

7.2 The structuring of sensemaking
and meaningful learning in chemistry

The results from this thesis, especially evidenced in Papers I and III, have shown that
the many students participating in the study struggled to make sense of chemistry in a
meaningful, integrated manner, by which I refer especially to connecting and navi-
gating the triplet knowledge domains in a structured manner, which is the definition
used by Taber (2013). This was shown in the small pilot study, through some stu-
dents who did not connect to the triplet scaffold and self-reporting difficulties under-
standing the concept of the three knowledge domains, as well as in Paper III, where
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comparatively few students in the five student groups structured and integrated these
knowledge domains. It is important here to separate integration in terms of
knowledge domains, referred to in the concept mapping literature as cross-links be-
tween domains of knowledge within a hierarchy of knowledge (Novak & Gowin,
1984), and links between concepts in general, which can be arbitrary or more mean-
ingful depending on the overall structure of the concept map (Novak, 2002).

Navigating the cultural language of chemistry for sensemaking appears to be about
more than relating concepts. All the types of ways of organising the connection be-
tween the knowledge domains in the concept maps involved the students connecting
concepts with linking words according to previous definitions in the literature (No-
vak, 2002; Ruiz-Primo, Schultz, et al., 2001). Comparatively few concept maps (six
out of 88) were completely incoherent in terms of language use. Despite concept
connections, a notable proportion of the concept maps (Types 2, 3 and 4 in Paper
I1I) contained sections that were linear and/or parallel (see Figure 14).

Figure 14. Examples of how (a) a linear connection pattern (that is, a chain; Kinchin, 2020), and (b) a branched,
parallel connection pattern (an unreflective pattern; Kinchin, 2020) could look in a concept map. Whereas the linear
pattern can be seen as one long string of thought and indicative of rote learning (in contrast to a structured concept
system), the branched pattern instead shows several strings of thought fanning out from a common concept.
Branched patterns in concept maps usually contains both more and less relevant concepts to the topic, and lack
connections between each strand of thought (Kinchin, 2020). These types of concept maps can be developed toward
greater knowledge domain interconnectedness through reflective, collaborative work within the ZPD (ibid.).

As the connecting concept of the parallel pattern was often the scaffold given to the
students, the parallel patterns could be interpreted as the students using linear reason-
ing for sensemaking for each section of the scaffold. Linear types of patterns in con-
cept maps have connected to rote learning (Kinchin, 2020). Another pattern that was
observed was branching, which has been connected to unreflective mapping, where
the concept mapper can mix in concepts that are less related to the topic and thereby
build a larger map, but still not sufficiently describe or explain the topic (ibid.).
Hence, it would seem that many of the students in the study (1) learned aspects of
chemical equilibrium by rote learning, and/or (2) were not able to focus on connect-
ing the main ideas of the subject topic when constructing their maps. As the same
pattern has been seen in concept maps produced by prospective chemistry teachers
(Kibar et al., 2013), it would appear that this way of learning chemistry is not unusu-
al. Both these types of concept maps contained either poor structuring of knowledge
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domains and/or poor connectedness between knowledge domains. Hence, both these
types of concept maps indicate that the students who made them had a hard time
making sense of phenomena on their own in terms of mediating sensemaking that
was in line with the cultural practice of chemistry.

As student language use in this thesis was related to integration of the everyday con-
cept into the scientific concept system, as well as previously assessed achievement
level, it would seem that students could use their language repertoire to manage
sensemaking in terms of connecting everyday and scientific concepts in their maps, as
well as influence their achievement level as assessed by their teachers. However, the
scientific concept system that they produced in relation to the everyday concept
would sometimes be associative, sometimes somewhat disconnected, and sometimes
would appear to be based on rote learning. Rote learning, evidenced by chain-like
structures, usually impeded further development of the concept system (Kinchin,
2020). In conclusion, it would seem that evidence of rote learning and associative
thinking was quite common in these concept maps, either partially (such as in the
Type 2 and Type 3 concept maps in Paper III) or fully (such as in the Type 4 concept
maps in Paper III). In addition, no connection was found in the data between the
incorporation of the everyday concept and different ways of meaningfully connecting
between the three knowledge domains of chemistry (unpublished data).

In the pilot study, some students expressed confusion over the triplet knowledge
domains. This aligned with the students having difficulty separating representations,
such as the chemical equation, with explanations, such as relating the concepts of
‘acids’ and ‘bases’ within the context of neutralisation. Hence, although the students
appeared to have some trouble identifying concepts as belonging to a certain
knowledge domain, the way in which they used the different concepts to build expla-
nations for sensemaking was clear in the concept maps. Whether the students con-
nected to the triplet knowledge domains could also be seen in the concept maps
through whether the students related to the scaffold by connecting with it in their
propositions as part of their concept maps. It is not surprising that some students
found it difficult to reflect about knowledge domains, as it is confirmed by ample
research in the chemistry education research field that students have trouble traversing
domains themselves and following teachers’ explanations when they move between
the different domains (Andersson, 1990a; Ben-Zvi et al., 1988; Gabel et al., 1987;
Johnstone, 2006; Stieff et al., 2013; Talanquer, 2008; Treagust et al., 2003). Howev-
er, the way in which the symbolic meanings were expressed in these concept maps
indicated that some students may have difficulty mediating meaning according to the
cultural norms of chemistry, or manage quite well in class through other mediational
means, despite struggling to form symbolic meanings in their concept maps (this has
been confirmed to be an issue with chemistry learning in general; Liu & Taber,
2016). As indicated by the student questionnaire in this study, these students did find
the concept mapping particularly useful. Therefore, triplet concept mapping could be
a potentially useful exercise for students who have difficulty making sense of chemis-
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try through navigating the three knowledge domains of the triplet. However, this
would need to be confirmed by further studies, possibly conducted over longer peri-
ods of time (such as Thomas, 2017).

7.3 The role of language

in chemistry sensemaking

A second aspect that was covered in the thesis was the role of language in chemistry
sensemaking. Scientific language use in concept maps was related both to previous
achievement level (Paper III) and participation in sensemaking, defined as meaning-
fully connecting everyday and scientific concepts (Paper II), or concept formation
within the ZPD from a Vygotskian perspective (Clara, 2017).

Hence, it would seem that the development of student scientific language is neces-
sary for sensemaking, at least as evidenced by the data in this thesis. Generally, highly
developed language meant a greater connection between concepts, a more relevant use
of concepts, and a more complete definition of the process being given in the student
concept maps. Concept formation was defined from a Vygotskian perspective in this
thesis as reorganisation of an everyday concept (or meaning) in relation to a scientific
concept (or meaning) within a scientific concept system, thereby enriching the scien-
tific concept with experience (Clara, 2017). It would seem that the students in the
present study who had a less developed scientific language — that is, less developed
mediational means — found concept formation harder. This subgroup of students
included the group of students speaking a different language from the school language
at home.

Previous literature has shown that when students use words meaningfully during in-
struction, they find it easier to learn the concepts being studied (McDonnell et al.,
2016; Ryoo, 2015). This could be the reason for the results observed in Paper II; that
is, students who lacked psychological tools were less likely to form a concept system
to which they could relate their everyday concept. However, this was not an either-or
situation; rather, students mediated the formation of various concept systems using
the psychological tools at hand. The systems could be purely theoretical systems, par-
tially theoretical systems and partially experimental systems with the everyday concept
integrated, and fully integrated systems. As the definition of explicit and precise lan-
guage use included being able to choose and use relevant concepts in relation to
chemical equilibrium, it would seem that the students who had highly explicit and
precise language relied largely on previous concepts being formed (as they were able to
consciously choose them, define them within the concept system, and use them;
Vygotsky, 1931/1994) in order to mediate the formation of the concept system relat-
ed to shift in chemical equilibrium. Hence, one can see how, during concept devel-
opment, language use and concept formation would both depend on the development
of the other in a social context with the help of a competent other. Specifically, con-
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cepts defined explicitly and precisely in collaboration with a competent other would
eventually lead to the formation of solid concept systems, at the same time as a solid
concept system would lead to the spontaneous use of explicit and precise language.

Another aspect of student language use and sensemaking that both emerged in Pa-
per I and in Paper III is that the students used symbols to convey meaning in various
ways. Sometimes, symbols were viewed by the students as representational devices,
and sometimes they were used as a means of explaining a process. Hence, the students
sometimes appeared to have more of a mathematical approach to explaining chemis-
try. This type of thinking can be beneficial to students, as it opens up new ways of
solving problems, but, depending on the instruction, can also lead to a disconnect
from the underlying theory (Zhao & Schuchardt, 2021). As mathematical explana-
tions for theory in the absence of other explanations existed in this subsample of con-
cept maps, this finding is interpreted as a disconnect from the theory for these stu-
dents. The various ways of symbol use that were observed in the concept maps (signi-
fier, mathematical explanatory device, or mediator of a theoretical explanation) can
perhaps be seen as stages where students moved from using pseudoconcepts (that is,
using concepts in the ZPD using the same words and symbols as the teacher, but only
being able to form their meaning in collaboration; Clara, 2017) into fully developed
concepts.

It would seem that, in many concept maps, the connection to chemical symbolism
was also more associative rather than structured. As can be seen from the examples in
the articles, students sometimes utilised symbols as signifiers — that is, bearers of in-
herent meaning — as part of an explanation, and sometimes they utilised symbols
directly to explain theory. Although the students spent a long time sorting the con-
cepts before connecting them (about 15 minutes on average), it would seem from the
data that it was difficult for the students to form a structured overall sensemaking
narrative in their maps where the symbolism was clearly explained. Hence, symbols
were treated both as signifiers and mediational means in the data, and often as part of
an association inside a sensemaking narrative.

As shown in Papers II and III, language use was connected to student sensemaking,
in that students who had a higher previous achievement level used a more explicit and
precise language for mediation of sensemaking, and in turn more often connected the
theory of chemical equilibrium with a potential experience (represented by the incor-
poration of the everyday word of ‘colour change’ in their concept maps). This indi-
cates a relationship between language use and sensemaking, which has also been im-
plied by previous studies on language use and reasoning (Mercer, 2013; Mercer et al.,
2004). Implied in this analysis of explicitness and precision of language use is that
such language use mediates the use of a well-integrated concept system as the student
explores a phenomenon in class. Another result that hints at the importance of the
language of chemistry to concept formation are the observations in Paper IV, where
the chemical equation, when introduced to the teacher—student dialogue, could medi-
ate the connection between theory and experience for the students.
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In Paper III, explicitness and precision of language use was moderately correlated
with achievement, which is also supported by research showing that students who feel
that they understand the chemistry language are more likely to have a better estima-
tion of their future competence in chemistry, and are more persistent in their studies
(Riischenpshler & Markic, 2020). However, as language was not related to the struc-
turing of sensemaking in relation to the chemistry triplet, it would appear that im-
proved student scientific language use in itself did not mean that the students utilised
their psychological tools for sensemaking according to the cultural practice of chemis-
try. As mentioned previously, this structuring of sensemaking according to cultural
norms appeared to vary between classrooms.

As the data also indicated a relationship between the students’ home language and
participation in sensemaking, it may be that language support is particularly im-
portant for low-achieving students taking chemistry at upper secondary level. This
importance is underlined by the fact that the subject of chemistry, at least in Sweden,
involves a dramatic rise in language demand when students transition from compul-
sory to upper secondary school (Ribeck, 2015). Furthermore, as the chemistry aca-
demic self-concept is influenced by how competent the student feels using the chem-
istry language (Riischenpohler & Markic, 2020), and since students’ academic self-
concepts predict further engagement in class (Bong & Skaalvik, 2002; Raufelder et
al., 2015), as well as long-term achievement (Jansen et al., 2014; Wu et al., 2021),
there is strong support in the literature for supporting students’ language skills in
chemistry. Based on the results of the present thesis, I propose that the reason why the
development of chemistry language skills is so important for chemistry students is
that the words and symbols of chemistry mediate sensemaking. Specifically, the con-
nection between theory and experience is mediated, which can lead to a feeling of
both understanding and belonging in the chemistry classroom.

7.4 Sensemaking in the ZPD

7.4.1 Teachers’ work within the ZPD

Paper IV gave clear examples of work that teachers do to promote sensemaking dur-
ing practical lessons, such as bringing theory and experience together and cueing
thinking through guiding the students’ attention to chemical symbols such as the
chemical equation. In the interactions studied, the students’ knowledge gaps became
the central point for the teachers to act upon and attempt to fill, ideally through stu-
dent contribution in a collaborative practice. As some of the examples in this study
have shown, if student contribution failed, teachers would attempt to elicit student
responses through such means as reformulating the question in concepts known to
the student. At the same time, the students’ sense of self as competent contributors
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needed to be encouraged as part of the interaction. Hence, the knowledge gap of the
student became the trigger for sensemaking and work within the ZPD, furthering the
students’ development toward abstract thinking (Vygotsky, 1931/1994).

Paper IV showed that the teachers worked continuously to display their students as
competent in the teacher—student interaction while probing for gaps in their students’
knowledge in order to promote and guide sensemaking. This is in line with sensemak-
ing involving a gap in a person’s knowledge that, if left unresolved, can threaten the
person’s sense of self (Weick, 1995), which in the case of the present study has been
interpreted as the student’s chemistry self-concept. Given that the academic self-
concept is related to future achievement (Wu et al., 2021), this could explain why all
of the teachers participating in the study seemed to be at least implicitly aware of the
importance of maintaining student feelings of competency throughout the student—
teacher sensemaking dialogue. Based on the results of this study, I propose that man-
aging tension in interaction may be an important aspect of sensemaking in chemistry.
This can be connected to Vygotsky’s notion of perezhivanie; that is, how the student
learns and develops depends on how the student ‘is aware of, interprets and relates to
a certain event’ (Vygotsky, 1934/2020, p. 71). At the same time, the student’s devel-
opment is driven in relation to the modelling represented by the teacher and through
the collaborative interaction (ibid.).

The study of the work that the teachers did in the study to achieve sustained sense-
making hence indicates that collaborative learning involves students being presented as
competent contributors. As evidenced by the limited and disconnected concept systems
in many of the concept maps, most students in the study would need support in their
sensemaking through teacher interaction in order to connect knowledge domains, scien-
tific concepts and everyday concepts. Only four of the 88 concept maps showed a com-
plete definition of chemical equilibrium in relation to what had been taught, as well as a
structured organisation of the three knowledge domains. Hence, based on the data, the
students working in pairs in the laboratory classrooms studied might only have been
able to give each other limited support when it comes to sensemaking and meaningful
learning. This is notable since about half of the students in the study were high-
achieving with grades or achievement levels in the ranges of B-A/6-7.

According to Garfinkel, conversational moves are both ‘context-shaped and context-
renewing (Heritage, 1984, p. 242). As teachers invite collaborative sensemaking in
the classroom, they also become responsible for maintaining the focus of the talk on
the topic at hand. This was seen clearly in Paper IV, when a student did not follow
the contextual cues given by the teacher, the whiteboard, and the lab sheet, and his
presentation of competency by the teacher was withheld at the same time as the stu-
dent was directed to the lab sheet. Hence, another aspect of teachers’ work within the
ZPD seen in the study was to provide contextual cues for sensemaking.

In conclusion, the teachers’ work within the ZPD in this study involved continu-
ously eliciting contribution from students in their own words in order to collabora-
tively work towards defining a shift in chemical equilibrium. This work involved a
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sustained sensemaking practice in which the cultural practice of chemistry sensemak-
ing was implicitly shown again and again through the teacher’s conversational moves.
This was achieved at the same time as the students were presented as competent con-
tributors. Teachers providing alternative psychological tools — that is, alternative theo-
retical concepts for sensemaking — in order to help students resolve their knowledge
gaps in collaboration, was apparent in all of the teacher—student sensemaking conver-
sations. Another ubiquitous part of sensemaking dialogues was teachers helping stu-
dents link theory and experience. It can be concluded from the research, both the
concept maps and the teacher—student conversations, that very few students were able
to reason on their own during practical lessons on chemical equilibrium, even at high
achievement levels.

At this point, one may ask whether the teachers are aware of their sensemaking
practices. According to Heritage (1984), Garfinkel stressed that ordinary social inter-
action is grounded in life experience, achieved in a routine manner, and that the
norms underlying the interactions are not really noticed unless a breach against nor-
mal conduct occurs. The actors ‘are typically interested in getting their ordinary tasks
done’ (ibid., 118). According to Macbeth (2003), teacher—student discourse is a de-
vice that teachers routinely use to make the lesson content ‘evident and visible’
through a both collaborative and competent practice (p. 258). Hence, although class-
room conversational turns may be routinely produced and managed by teachers, their
purpose in bringing about a learning conversation between teacher and student is
evident based on previous research and the research presented in this thesis. In the
present study, as the teachers were not interviewed specifically with regard to sense-
making, their complete awareness of all the aspects of their sensemaking practices
could not be confirmed. However, a certain awareness of sensemaking goals of the
interactions can be seen in the in the interviews, through teacher phrases such as
‘when you do something concrete, it is easier to get the students to talk chemistry’
(Teacher 1, interview 1, line 464), ‘It is not that I explain to the students ... I also
want them to try and put words themselves on what they have seen ... and then you
confirm: ‘precisely, it is the way you have thought” (Teacher 2, interview 2, lines
118-123), and, ... to think, what is it that happened, to reason about it. And then I
think they can access some of it [the theory] without being given the answers’ (Teach-
er 4, interview 1, lines 163—164). Therefore, it is reasonable to assume that the teach-
ers had a goal of sensemaking to happen in their classes, and some idea of how to
proceed in making it happen based on previous experience.

7.4.2  The structuring of sensemaking as a social practice
In Paper III, disconnected sensemaking was shown in concept maps with indicators

of rote learning or unreflective learning, consistent with student surface approaches to
learning (Biggs et al., 2001; Marton & Siljo, 2005; Schneider & Preckel, 2017). It
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would seem that the structuring of student sensemaking was also influenced by which
group the student belonged to. The practice of sensemaking established in a group of
students could possibly be attributed to classroom norms for sensemaking (Becker et
al., 2013). However, in teacher—student conversations that contained sensemaking
components studied as part of this thesis, the teachers were constantly encouraging
connections between the knowledge domains. This practice occurred in four out of
five classrooms, where, in the fifth classroom, the reason for focusing more on practi-
cal handling during the lesson was a particular focus by the teacher on safety during
practical lessons (Interview 1, Teacher 3). This focus on practical handling was not
accompanied by low student sensemaking, as evidenced by the student concept maps;
rather, these students were quite proficient in structuring sensemaking (see Paper 3,
Class III, Figure 9); hence, guidance of sensemaking probably occurred elsewhere in
this particular teachers’ lessons. In conclusion, rather than classroom norms being the
decider for whether student sensemaking occurs or not, I propose that it is more likely
that in some student groups, the reason for not participating in sensemaking could be
(1) pressure to perform (which encourages rote learning [Cipra & Miiller-Hilke,
2019; Postareff et al., 2017]), and/or (2) difficulties with the chemistry language lead-
ing to an inability to participate in learning within the ZPD at the required level
(necessary for the development of structured thinking over time; Vygotsky, 1987). In
the latter case, this does not mean that learning does not occur. According to Vygot-
sky, social interaction can promote learning at different levels, and the learning that
does take place will depend on the student’s emotional experience and understanding
(perezhivanie; Vygotsky, 1934/2020).

Structured sensemaking was also unrelated to achievement level, indicating that
some students succeeded in their studies through surface approaches that involved
rote learning and unreflective practices, as evidenced by the shapes of their concept
maps (Kinchin, 2020). From my observations of the teachers in the study, I propose
that sensemaking according to the norms of chemistry is a social practice that is being
explicitly taught in at least some chemistry classrooms. The utility of teaching sense-
making explicitly is supported by other research in chemistry education (Becker et al.,
2013; Yaman, 2020). However, as shown in both the concept maps and in the dia-
logue studies of this thesis, the nature of chemistry symbolism and how it is used in
sensemaking may make it hard for students to differentiate between (a) symbols being
used as a cue for sensemaking provided by the teacher (Weick, 1995), (b) symbols
being presented as a possible mediational means for achieving alternative paths of
reasoning (Zhao & Schuchardt, 2021), and (c) symbols being used as a communica-
tive device; that is, as representations of events communicated within a scientific
community (R. Kozma & Russell, 2005). These may be types of communication that
have to be more explicitly expressed by teachers.
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7.5 Limitations of the study

Apart from the limitations already mentioned in the Method chapter, there are two
aspects of the data gathering I would like to discuss further: (1) the use of concept
maps as a research tool, and (2) limitations regarding contextual data.

There is general agreement that concept maps can be useful as tools to show stu-
dents’ development as learners, as long the way the concept maps are assessed is suited
for the purpose of the researcher (de Ries et al., 2022). For instance, different quanti-
tative scoring methods tend to focus on different aspects of the concept maps (for
instance, organisation or correctness) (ibid.). Qualitative analysis, on the other hand,
is more focused on content (ibid.). Based on a study on the usefulness of concept
mapping in representing student knowledge of the atom, Zele et al. (2004) concluded
that qualitative analysis based on structure and content of concept maps is by far the
preferred concept mapping method for studying student learning. However, qualita-
tive analysis is also heavily dependent on the interpretation and knowledge of the
analyst (ibid.). In this study, the coding procedure was verified by external research-
ers; however, coding in collaboration might have given even more insight into the
data.

From a cognitivist perspective, concept maps are seen as representations of students’
knowledge structures (Novak, 2002). However, when examining concept maps from
a Vygotskian perspective, the analysis becomes more problematic. On one hand, it
would seem that concept maps have clear advantages over free-response questions
when it comes to gathering data about student understandings of a certain concept
(these understandings can be corroborated by student interviews; Zele et al., 2004).
On the other hand, the concept maps generated can also be seen as context-
dependent classroom products; that is, mediated through the use of certain psycho-
logical tools and cues, rather than a representation of a students’ knowledge as ‘in the
mind’. The concept maps must also be seen as being generated from each individual’s
personal experience of the subject and their personality (Vygotsky, 1934/2020). For
instance, two teachers in the study explicitly noted in the interviews that the concept
maps reflected aspects of their students’ personalities, and one of these aspects was a
tendency to not be very expressive despite showing high competence in the classroom.
Hence, a full understanding of a student’s learning would require a much more in-
depth study than was undertaken for the present thesis project. For instance, under-
standing why some students picked certain concepts for their concept maps instead of
others would require a long-term classroom study in which all the concepts used in
class over a period of, say, a month, could be compared to the concept maps pro-
duced by the students. The classroom interaction between the teacher and the stu-
dents would also need to be studied over time to understand classroom norms for
sensemaking and how these related to the concept map shapes. Also, cues such as
gestures can be important for the continuation of sensemaking, as they can clarify

what is being talked about and be used to bridge theory and experience (Ngo et al,,

137



2022; Roth & Lawless, 2002). Therefore, I would also recommend bench cameras for
a more thorough study of how sensemaking is sustained by students and teachers in
the laboratory environment. As the present study did not cover these aspects of the
learning context, I am not able to draw any conclusions on the sensemaking norms in
the classes I studied, nor on the importance of gestures (or other cues such as physical
tools) in sensemaking. Further research would be needed to clarify these aspects of
sensemaking.

For this thesis, I chose to study meanings mediated using cues; that is, learning
within the ZPD (Vygotsky, 1934/1987). Concept maps are often regarded as tools
for learning in their own right that promote, among other things, conceptual learn-
ing, knowledge integration, critical learning, and reflection (Machado & Carvalho,
2020). For this reason, it is hard to reach conclusions on what meanings the students
would be able to mediate if they were not given the same psychological tools. On one
hand, Vygotsky only regarded the conceptual meaning formed without help as spon-
taneous (ibid.), which means that the concept maps drawn by the students in the
present study could be viewed as a representation of what they are currently in the
process of learning and are able to reflect on (assuming that they did not find the
concept mapping in itself too challenging, which could also be a possibility; Kinchin,
2014). On the other hand, it can be clearly seen in these concept maps what the stu-
dents have 7ot learnt and do not know (Zele et al., 2004). In addition, typical shapes
that have been previously established in research to be indicative of different types of
learning are seen as reasonable ways to interpret the maps (Kinchin, 2020).

Other research in favour of the scaffolded setup of concept mapping utilised in this
study shows that second-language students are particularly dependent on cues for
understanding assignments (Lee & Orgill, 2022), which means that a decision not to
include cues could have possibly meant a loss of data from this subpopulation of stu-
dents. It should also be added that chemical equilibrium is a concept that takes a long
time to learn (Yan & Talanquer, 2015), so trying to look at students mediating its
spontaneous formation at this level of schooling might be a futile endeavour.

7.6 Conclusions

For this thesis, I utilised a Vygotskian perspective on sensemaking to define sense-
making as an integral part of the ZPD, and to study the connection between sense-
making and student language use. In the concept maps studied in this thesis, I have
seen a snapshot of how students make sense of chemistry at upper secondary school. 1
have seen fragmented conceptual frameworks being produced in concept maps as well
as integrated ones, varying ways of using symbols as part of sensemaking, and I have
noted the importance of explicit and precise language use for participating in sense-
making and concept formation within the ZPD. I have also noted that the overall
structure of the nature of chemistry was not expressed in a structured, integrated way
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by a large proportion of the students in their concept maps. A connection was ob-
served between disconnect between the triplet knowledge domains and rote learning,
as well as associative thinking. Therefore, the data indicate that learning in the chem-
istry laboratory requires that the teachers support students’” use of the language of
chemistry for mediation of concept system formation, which in turn is supportive of
deep approaches to learning in chemistry (Sinapuelas & Stacy, 2015).

In the study of teacher strategies to maintain sustained teacher—student sensemak-
ing during practical lessons, I also found that the teachers all maintained a balance
between their sensemaking practice (finding out student knowledge gaps, providing
alternative concepts and connecting theory and practice) and the presentation of the
student in the interaction as competent. This balance promoted student learning
within the ZPD; however, student development over time, such as thinking related to
the chemistry triplet, could not be studied for the current data set.

A summary of the conclusions from the data is shown in Figure 15.
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7.7 Implications

7.7.1 Arguing for an alternative theoretical framework
for studying chemistry teaching and learning

In this thesis, I have combined theories about thinking in chemistry (Johnstone,
1991; Taber, 2013) with theories about sensemaking (Odden & Russ, 2019a; Weick,
1995) and redefined them from a Vygotskian perspective. In this way, the connection
between language use, sensemaking and chemistry learning was framed theoretically
and could be investigated through analysis of empirical data. Defining sensemaking in
chemistry from a Vygotskian perspective provides a theoretical framework that in-
cludes language use, conceptual learning and development, social interaction, as well
as motivational aspects for learning. In this way, a research gap was filled in terms of
the provision of a novel theoretical framework that can be utilised to study language
use and concept development as part of sensemaking in chemistry teaching and learn-
ing. This framework can be utilised for the purpose of studying chemistry teaching
and learning from a holistic perspective, and allows for the integration of research
from different areas within science education. Vygotsky believed his research ap-
proach could be particularly beneficial for the study of context-based formation of
conceptual meanings in relation to development of psychological functions and struc-
tured thought (Daniels, 2008; Vygotsky, 1934/1987).

The main theoretical frameworks utilised for studying learning in chemistry are in-
dividualist and constructivist, which includes the theories about the chemistry triplet
(Cooper & Stowe, 2018; Johnstone, 2006; Taber, 2013). Because of the triplet’s
epistemological origins (which does not include a view of thinking as being interior-
ised as part of social learning), I propose that there is an unspoken assumption with
regard to the triplet model for chemistry learning that students implicitly understand
and utilise the three triplet knowledge domains, but have difficulties switching be-
tween them. In his summary of his foundational research on chemistry learning and
the triplet, Johnstone (2006) highlighted the importance of the teacher explicitly
guiding students between triplet conceptual levels, or meaning spaces, during class-
room teaching. Taber (2013), developing the triplet concept further for chemistry
researchers, stressed the importance of utilising both the symbolic domain and re-
descriptive shifts between scientific terminology and everyday language as a resource
in shifting between levels. However, there has so far been no questioning of whether
the students actually grasp these levels as entities that the teachers move between.
Based on the facts that (1) several students in this study were not able to connect to
the triplet scaffold in any meaningful way, and (2) many of the students could also
not sort their concepts according to the chemistry triplet model (this was actually the
hardest task for them during the practice concept mapping session, where concepts
were often discussed with regard to their nature and just sorting the five concepts
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took about 15 minutes), the results of this study questions this assumption. It could,
of course, be argued that defining chemical equilibrium was so difficult for the stu-
dents that it would be unreasonable to expect them to connect to the triplet scaffold
as well. However, the connection between poor definition of conceptual meaning in
relation to the triplet and shapes indicating rote learning in the concept maps paints a
slightly different picture. Instead, the results of the thesis point to a connection be-
tween deep learning and structured sensemaking following the cultural norms of
chemistry. It could be reasonably suggested, based on the data, that students who
focus on memorising and rote learning do not develop an understanding for the
knowledge domains of chemistry represented by the chemistry triplet. Continuing
this argument, it can also be argued that an understanding of the knowledge domains
of the triplet can be, but is not necessarily, developed through schooling.

Sensemaking in science education is a well-defined concept (Odden & Russ,
2019a). However, much like the triplet model, it is based on a cognitivist individual-
ist model for how students learn science (Odden, 2021a). Therefore, this model does
not prescribe to students acting with mediational means, nor to the importance of the
collective aspects of concept formation and development, despite there being convine-
ing evidence supporting the latter (Mercer, 2013). In this thesis, I have reinterpreted
sensemaking from a Vygotskian perspective in order to open up for the study of social
and collaborative aspects of sensemaking. The results show that the experienced
teachers in the present study teach chemical equilibrium through co-construction of
meaning with students at all achievement levels. The results also show that all of stu-
dents who participated fully in the present study, and especially those with poorly
developed scientific language, needed the teacher’s help for sensemaking and for-
mation of conceptual meaning through collaborative sensemaking. Hence, the results
of the study argue against a cognitivist and individualist view of sensemaking as part
of science learning, which would potentially leave many students left behind in terms
of enacted chemistry classroom learning.

The framework developed in this thesis can be useful, not only for looking at the
connection between language use, social interaction and meaning formation (which
was the focus of this thesis), but also for looking at the connection between context,
sensemaking and development of structured thinking. Considering the many instanc-
es of unstructured thinking shown in the student concept maps collected for this
thesis, that would be an interesting focus for further research that could open up for
alternative understandings of teaching and learning in chemistry.
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7.7.2  Suggestions for further research about chemistry teaching
and learning: The role of language, emotions, social interactions,
and context

The results of this thesis provide a plausible explanation for the connection between
perceived chemistry language ability and chemistry self-concept at upper secondary
level (Riischenpohler & Markic, 2020); namely, that having access to the mediational
means of chemistry helps students make sense of chemical phenomena and connect
concepts (albeit not as fully as in collaboration with the teacher). This would natural-
ly lead to students having a more positive perception of their abilities in chemistry as
a subject, especially with the teacher supporting their self-presentation as part of the
dialogic interaction. Another interesting focus for further research would be to look at
students’ chemistry language development over time in relation to their chemistry
self-concept, emotional experience and classroom interactions. This would be espe-
cially interesting if native speakers were to be compared to students who speak a dif-
ferent language from the school language at home.

In connecting language and social interaction to sensemaking about chemical equi-
librium, I believe that the results of the present study have contributed to a more
nuanced understanding of student learning in chemistry. Although I have mostly
studied student learning of chemical equilibrium (the pilot study was on acid-base
reactions, but the main study focused on chemical equilibrium as a learning topic),
the position of this subtopic as a keystone in understanding chemical reactions indi-
cates that it is reasonable to suggest that the way the students learn chemical equilib-
rium could also apply to other subtopics in chemistry and student populations in
similar contexts. For instance, relating to the chemistry triplet or not in a concept
map could be regarded as a generalisable skill, and student approaches to learning
(deep or surface) can be related to larger overall context such as exam pressures and
the subject’s relevance to student everyday life (Marton & Siljo, 2005). Also, the
important role of language in connecting theory and experience is well established
(Odden & Russ, 2019a). However, the results from the present study will need to be
confirmed by further research on different chemistry subtopics and different student
populations. Such research could provide deeper insights into the complexities of
chemistry teaching and learning.

7.7.3 Didactical implications

As this is a qualitative study, I cannot argue that the results of the present study are
largely generalisable to chemistry learning. However, I have argued (in Chapter 5.1.2)
that, due to the diverse sample, the similar learning progression in Sweden to other
Western countries, and the consistency of the results with previously reported inter-
national research on learning in chemistry, the transferability of the results of the
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thesis to other schools operating within similar contexts is plausible. I would therefore
like to point out some implications for teaching that can be deduced from this thesis
project that could be useful for teachers teaching similar student populations in simi-
lar contexts.

This thesis has contributed to a greater understanding of how students make sense
of chemistry, what is required for sensemaking, and how they can be helped. One
important aspect to consider is whether students are able to use the essential psycho-
logical tools — that is, language — to form the essential concept relations in the concept
system being taught. As has been seen in this study, students using less explicit and
precise language had more difficulty connecting theory and experience and deciding
which psychological tools to use to mediate their understanding. Hence, students
using more vague scientific language would likely require more classroom support in
bridging theory and experience in their own words during practical work, and in
choosing which concepts to use in order to do so.

Another important implication from this thesis is to consider chemistry students’
approaches to learning in relation to their learning context. As the results of this thesis
show, many of the students exhibited indicators of rote learning in their concept
maps. There was also a relationship between language use and achievement, and the
results showed that students could sometimes be both verbose and adopt a rote-
learning approach. There could be several reasons for rote learning, such as pressure
to perform, lack of personal interest (Marton & Siljo, 2005), or disengagement due
to a poor academic self-concept developed from previous experiences of failure (Bong
& Skaalvik, 2002). According to the present study, participation in learning in the
ZPD appears to be dependent on language use; therefore, such disengagement could
potentially develop from failure to engage in learning in the ZPD due to less devel-
oped scientific language. Such students could benefit from language-supporting prac-
tices such as explaining concepts in words that are known to the students (Gieske et
al., 2022), group discussions in mixed groups allowing learners to describe and ex-
plain phenomena at the same time as they share words and expressions with each
other (Jakobsson & Kouns, 2023), using concept maps to organise student thought
before writing assignments (Isabelle, 2015), and, using knowledge integration maps
similar to the ones utilised in this study for student group or pair discussion and
teacher formative feedback based on shape (Paper II; Kinchin, 2020; Schwendimann
& Linn, 2016). Incidentally, discussing concept maps in terms of how known and
new concepts are related to each other is a classroom exercise that would promote
deep learning approaches for students of all language levels (Marton & Siljo, 2005).
Consideration should also be given to how learning is assessed, as short-answer ques-
tions are poor indicators of student learning compared to concept maps (Zele et al.,
2004) and problems based on calculations can be performed well by novice learners
adopting mechanistic approaches (Anderson & Schénborn, 2008). As I have shown,
concept-mapping can be reasonably taught in one lesson, and asking the students to
provide a pencil-drawn concept map with just a few key concepts as part of a test
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could be feasible, especially as a recurring test item. If such an item is aimed at triplet
knowledge domains, it could also promote long term learning of the nature of chem-
istry (Thomas, 2017).

A third implication from this study concerns the planning of teaching. This thesis
not only demonstrates how to help students make sense of chemistry phenomena but
also shows that chemistry students with poorly developed conceptual meanings have a
hard time making sense of observations during practical work. Therefore, it is rec-
ommended that practical work is planned as late as possible during the teaching of a
subtopic of chemistry, and that teachers act consciously to mediate sensemaking with
the students in their classrooms. This conscious act of mediation would include (1)
eliciting student explanations of phenomena in their own words, (2) offering alterna-
tive concepts and connecting theory and experience, and (3) presenting students as
competent in the interaction. Examples of practice can be found in Paper IV.

7.8 Final words

Many years ago, I asked myself why students cannot make sense of what they are
doing in the chemistry laboratory. Based on the research presented in this thesis, I
think that the answer to this question has two aspects.

The first aspect has to do with how we learn. As has been shown in this thesis,
chemistry sensemaking must first occur between teacher and student before any
chemistry learning can take place. What sense students make on their own varies tre-
mendously and, in most cases, does not reach the sensemaking being aimed for. This
is why the teacher needs to be there to guide the dialogue and to show the ways of the
cultural practice of chemistry.

The second aspect has to do with words and word meanings. If the word meanings
are not established for the student, the laboratory becomes a place of unresolved,
foggy concepts. Also, as Weick (1995) pointed out, when under pressure arising from
the shock of encountering complexity or confusion, people resort to noticing the
familiar instead of the new, leading to loss of overall meaning. In these cases, it may
be easier to memorise words and phrases to get by, but how does this affect the stu-
dent’s emotional experience of learning and their achievement over time?

I believe that my research has shown the importance of both the teacher, and of
language use, in chemistry sensemaking. It is my hope that the thesis can be a support
for chemistry teachers in their role as carriers of the cultural practice of chemistry,
gift-givers of sensemaking and language, and sources of student academic confidence
in the chemistry subject.
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8 SVENSK SAMMANFATTNING

"Jag tinkte att samtalet gjorde att jag forstod det ... alltsi ... typ allt. Si nér jag
stod och pratade och diskuterade fram och tillbaka med min labbpariner och sen
med liraren, sd lirde jag mig ju vad det var, for att nir jag bara gjorde det forst, si
Jforstod jag inte riktigt exakt hur det fungerar. Sa nir jag fick prata med dom si for-
stod jag att jaba, det dr sjilvklart atr det blir sd.”

Hégpresterande elev efter kemilaboration, svensk gymnasieskola
(citat frin fokusgruppsintervju, opublicerade data)

8.1 Inledning

Den hir avhandlingen ir en kemididaktisk studie om begripliggorande av kemi i
gymnasieskolan. I avhandlingen analyseras hur elevers sprikanvindning och tidigare
kunskaper paverkar deras lirande i kemidmnet, och hur lirare stottar elever pd olika
nivaer i lirandet. Genom studien f6rsoker jag forstd hur elever anvinder sitt sprak for
att tolka fenomen nir de ldr sig kemi, och hur lirare kan hjilpa elever att né ett be-
gripliggorande som kan frimja deras lirande lingsiktigt. Elevers svarigheter att forsta
kemi genom att sammankoppla upplevda fenomen till kemins teoretiska modeller och
kemins symbolsprik, ir vildokumenterat inom den kemididaktiska forskningen. Be-
gripliggdrandet stir som huvudfokus i avhandlingen, bade som kirnan i begreppsut-
veckling baserat pa Vygotskijs teorier om lirande, och 4ven som grunden for utveck-
landet av expertis i kemiimnet. Forskningsfrigorna fokuserar pd hur elevers sprikan-
vindning ir kopplad till deras begripliggorande av kemi, och hur lirare agerar for att
gora kemi begripligt i klassrummet.

I min avhandling kombinerar jag teorier om tinkande i kemi (Johnstone, 1991;
Taber, 2013) med teorier om begripliggérande (Odden, 2021b; Weick, 1995) och
omformulerar dem inom ramen for Vygotskijs teorier runt tinkande och sprak. Detta
gor det mojligt for mig att beskriva och analysera kopplingen mellan sprak, begriplig-
gorande och lirande i kemi. I avhandlingen definierar jag begripliggorande med hjilp
av kemins sprik som en central del i lirar-elevdialogen som utgdr grunden for lirande
inom zonen for framtida utveckling, proximala utvecklingszonen (pa engelska kallad
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zone of proximal development, ZPD). Dirmed fyller jag en forskningslucka gillande
teoretiska ramverk for studier av sprikanvindning, lirande och begreppsutveckling
inom kemins didaktik. Avhandlingen innehaller ocksa flera fallstudier runt hur elever
i gymnasieskolan begripliggor kemi, dvs. hur de anvinder sitt sprik for att mediera
kopplingen mellan kemins teori, symboler och kemiska fenomen, samt hur deras
lirare arbetar for att hjilpa dem genom meningsutforskande dialoger. Denna forsk-
ning bidrar till kunskapsliget genom att férklara varfor spraket dr en sd viktig del i
kemildrandet, samt genom att visa praktiskt hur lirare kan stotta elever med varie-
rande sprakférmagor i klassrummet.

8.2 Teori

Vygotskijs lirandeteori i Ténkande och sprik (Vygotsky, 1934/1987) star som grund i
avhandlingen, i och med att den anvints for att koppla samman teorier om begriplig-
gorande, tinkande i kemi och lirande. Fran Vygotskijs lirandeteori anvinds nyckel-
begrepp som psykologiska verktyg (ord som medierande resurser for tinkandet), var-
dagsbegrepp, vetenskapliga begrepp sam den proximala utvecklingszonen. 1 teorin besk-
rivs hur meningsutforskande dialoger med hjilp av psykologiska verktyg (sdsom ord
och symboler) mellan elev och lirare leder till elevens utveckling genom att denne lir
sig den kulturella praktiken av att mediera meningsbildning med hjilp av ord. Denna
sprakpraktik kan sedan formas om tdill att bli en del av elevens medvetna tinkande
(den interioriseras). 1 meningsbildning ingir att relatera vardagsbegrepp och veten-
skapliga begrepp till varandra, dir 4ven etablerade vetenskapliga begrepp for eleven
och nya vetenskapliga begrepp for eleven relateras i ett bergreppssystem. Hur och
vilka begrepp som relateras ir beroende av elevens personliga och emotionella upple-
velse av situationen (perezhivanie).

Teorier om begripliggorande inom béade naturvetenskapligt lirande (Odden &
Russ, 2019a) och sociologi (Weick, 1995) har beaktats for att definiera och forklara
olika aspekter av begripliggorande i analysen. Begripliggorande har definierats som
den process som sker nir upplevelse och teori relateras i en forklaring med egna ord
som ett svar pd att en kunskapslucka har upptickts (Odden & Russ, 2019a). Kun-
skapsluckan kan ge upphov dill ett hot mot sjilvbilden, och begripliggorandet 4r delvis
beroende av kontextuella ledtridar (Weick, 1995). Teorier om s.k. tankenivier (eller
kunskapsdominer) inom kemin som indelade i upplevelsebaserade, symboliska och
teoretiska/férklarande (kemins “triplett”; Johnstone, 1991; Taber, 2013) har idven
inkorporerats for att relatera forskningen till forskning inom kemins didaktik och
definiera begripliggorande frin ett kemididaktiskt perspektiv (se Figur 16). Detta
innebir att kemins olika begrepp kan, beroende pd kontexten de anvinds i, ses som
upplevelsebaserade, symboliska och teoretiska/forklarande, samt att relaterandet av
dessa emellan kan definieras som begripliggorande av kemi.
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Makroskopiska observationer

Teoretiska forklaringar

Symbolisk kommunikation

Figur 16. Kunskapsdomaner, som nar de sammanlénkas blir involverade i kemins begripliggérande. Baserat pa
kemididaktiska modeller om tankenivaer i kemi (Johnstone, 1991; Taber, 2013), samt begripliggérande inom

naturvetenskapligt larande (Odden & Russ, 2019b).

8.3 Metodologisk ansats och metod

Forskningen hade en kvalitativ ansats och planerades som en jimforande fallstudie
med ett djupare fokus pé kortvariga (1-4 minuters) klassrumsinteraktioner i fem olika
klasser med varierande prestationsniva, typ av skola (kommunal skola eller friskola)
och omgivning (storstad, smastad eller universitetsstad). Materialet som samlades in
var elevproducerade begreppskartor om neutralisationsreaktioner (11 stycken, for
pilotstudien, som utférdes pa ytterligare en skola i en medelstor stad) och kemisk
jamvike (88 stycken, for huvudstudien), intervjuer med ldrare, samt observationer och
videoinspelningar av laborationer, antingen pa temat neutralisationsreaktioner (f6r
pilotstudien) eller jimviktstérskjutning (f6r huvudstudien; se Figur 17).

Intervju med Begreppskarte-
ldraren lektion
(larandekontext) (holls av forskaren)

Intervju med
ldraren
(verifiering av data)

I I

insamlad data insamlad data

v +
* Intervjudata + Begreppskartor om
(pilotstudie: kemisk jamvikt

kontroll av att
frdgorna var
begripliga)

*  Kursmaterial

(neutralisations-
reaktioner for
pilotstudien)

Figur 17. Overblick éver studiens utférande.

Laboration pa
samma tema som
begreppskartan
(holls av lararen)
|

insamlad data
¥

Film, observationer
Reviderad begreppskarta
(ej pilotstudien)
Enkét: Bl.a. variabler som
huruvida skolspraket
talades hemma, tidigare
erfarenhet av
begreppskartor
Pilotstudie: dven
enkétfragor om elevernas
upplevda férstielse runt
kemins triplett

I
insamlad data

+
Intervjudata (pilotstudie:
kontroll av att fragorna
var begripliga)
Verifiering av tre
begreppskartor samt tva
videoklipp (det senare g]
for pilotstudien)
Elevers betygsniva
Data fran
fokusgruppsintervjuer (ej
pilotstudien samt de tre
férsta fallstudierna)
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Begreppskarteteknik lirdes ut under en lektion baserat pa en viletablerad forsknings-
metod (Ruiz-Primo et al., 2001). Sedan introducerades eleverna till kemins triplett
som ett stt att sortera begrepp som upplevelsebaserade, symboliska eller férklarande,
och under de sista 20-30 minuterna fick alla elever konstruera sina begreppskartor
dir de dven uppmanades att sortera begreppen (fem givna plus eventuella egna) enligt
kemins triplett (som var utritad hégst upp pa alla begreppskartor; se Figur 18). Under
nista lektion, som var laborativ, filmades eleverna och liraren och lirar-elevsamtalen
spelades in. Efter laborationens slut fick eleverna redigera sina begreppskartor enligt
sin nya forstéelse och fylla i en enkit. I enkdten uppgav de bland annat om de talade
ett annat sprak dn skolspraket hemma och hur stor erfarenhet de hade sedan tidigare
av att gora begreppskartor (de allra flesta hade ingen erfarenhet alls). Liraren intervju-
ades fore och efter studien for att ge information om kontexten och verifiera ifall be-
greppskartorna och samtalen var autentiska.

Fokusfrdga: Hur kan vi beskriva och férklara en jamviktsreaktion?

Kunskap om kemisk jamvikt

/ \\_
kan vara |

kan vara
L= kan vara
Empiriska/makroscopiska A = =
Sl L = Kommunicerande/symboliska on Tforetllska/molekylara/atomara
Vad kan jag observera? presenteras -, representationer « presenteras ~ forklarlr']gar" ” .
Vilken data kan jag samla in? som Hur kan jag formedia till andra som Hur kan jag forklara handelsen pd

: i
vad jag observerar? partikelnivas

Figur 18 Hanvisning till kemins triplett som fanns hégst upp pa varje begreppskarta. Denna typ av "bérjan” fér en
begreppskarta kan hjalpa elever med lite erfarenhet att komma igang med sin konstruktion. | denna typ av
begreppskarta skrivs begrepp (definierat som saker eller hdndelser; Novak, 2002) i rutor som sammanlankas med
pilar med sammanlankande text pa. Under studien fick eleverna skriva sina begrepp pa fargade lappar och rita pilar
mellan dem med blyertspenna. Texten till pilarna skrevs pa en lapp med annan farg och sattes sedan ovanpa pilen.
Pa sa satt var det Iatt att redigera kartan.

Analysen av begreppskartorna gjordes med stod i tidigare forskning och fran ett etno-
grafiskt perspektiv, dir begreppskartorna riknades som kulturella produkter produce-
rade inom en viss undervisningskontext dar det krivs att den som analyserar 4r insatt i
den kultur som omger elever och lirare (Altheide & Schneider, 2013). Jag anvinde
dven min egen bakgrund som kemist och kemilirare for att tolka lirarnas och elever-
nas utsagor. Videoinspelningarna analyserades med hjilp av samtalsanalys, vilket in-
nebar att analysen av ldrar-elevsamtalen hade en induktiv, etnografisk ansats
(Heritage, 1984).

Det ramverk som anvindes som stdd i kodningen var Vygotskijs lirandeteori,
forskning om kemins tankenivéer, samt forskning om bedémning av sprikanvind-
ning i begreppskartor. Begreppet begripliggorande (Odden & Russ, 2019a; Weick,
1995) tillkom induktivt i analysen som det begrepp som bist kunde beskriva materi-
alet och fungera som ett ramverk runt studien i sin helhet, om det definierades inom
ramen for sprik och lirande.
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Med avseende pid min bedomning av sprikanvindningen i begreppskartorna, si an-
vinde jag forskning om hur man kan jimféra elevers sprak i begreppskartor (Yin et
al., 2005) samt dven forskning om hur vetenskapligt sprak kan definieras och liras ut i
klassrum med elever som talar ett annat sprak dn skolspriket hemma (O. Lee et al.,
2019). Ett vilutvecklat vetenskapligt sprik kan frin dessa perspektiv definieras som
ett sprak som ir utforligt och precist. Elever som anvinder ett utforligt och precist
sprak anvinder relevanta begrepp samt dmnesspecifika symboler for att ge en vilarti-
kulerad forklaring av ett samband eller ett fenomen (ibid.).

8.4 Resultat frin de olika delstudierna

8.4.1 Delstudiel

Under denna pilotstudie undersoktes hur elva elever relaterade till kemins triplett
under en begreppskartelektion som lades innan en laboration om neutralisationsreakt-
ioner (se metod ovan). Eleverna fick sedan fylla i en enkit om sina upplevelser av
ovningen och laborationen.

I begreppskartorna sigs en varierad forstaelse f6r kemins triplett, vilken kan ses som
en modell for begripliggorande i kemi enligt kulturell tradition. Vissa elever linkade
till tripletten med meningsfull text pd sina pilar och gjorde den till en del av be-
greppskartan, andra ritade bara pilar (trots att resten av kartan innehdll pilar med text
pd), medan en tredje grupp kopierade fraser fran ett exempel som hade givits ut. Sva-
righet att relatera till kemins triplett noterades dven bland resten av begreppskartorna
tillhorande forskningsprojektet, dir ett samband fanns mellan a) elevernas férmaga att
linka till tripletten hogst upp, och, b) elevernas formaga att sortera begreppen som
upplevelsebaserade, symboliska eller forklarande (ej publicerade data). I enkiten sade
fyra av elva elever att de fann idén om kemins triplett svar att forsta.

I dessa kartor sdgs dven varierande sitt hos eleverna att definiera symbolisk mening.
Detta betydde att t.ex. symboler kunde beskrivas som tillhérande empiriska data, eller
att partiklar definierades som symboler. De elever som hade svért att definiera symbo-
lisk mening i sina begreppskartor upplevde begreppskartedvningen som speciellt an-
vindbar.

En slutsats som kan dras f6r denna studies resultat ir att begreppskartor baserade pa
kemins triplett verkar stddja begripliggrande for elever, speciellt de som visade pa en
begrinsad forstielse for begripliggérande enligt kemins kulturella praktik. Fér mer
lasning, se Hamnell-Pamment (2019).
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8.4.2 Delstudie IT

I denna delstudie undersdktes begreppsutveckling med anvindning av Vygotskijs
teorier om sprik och lirande. Fokus for analysen var hur elevernas sprikanvindning
relaterade till hur de kopplade samman det vardagliga begreppet “firgférindring”
med begreppssystemet for kemisk jaimvikt i sina begreppskartor. En integrering av
detta vardagsbegrepp i det vetenskapliga begreppssystemet di begreppskartan kon-
struerades tolkades som lirande och begripliggorande av kemi i den proximala ut-
vecklingszonen. Hir definierades alltsd konstruktion av begreppskartor som ett slags
kollaborativt ldrande, eftersom eleverna gavs en "borjan” och begrepp att jobba med.

I delstudien beskrivs olika sitt som eleverna kopplade samman vardagsbegreppet
“firgforindring” med det vetenskapliga begreppssystemet for kemisk jimvike. Vissa
elever integrerade det vardagliga begreppet i begreppssystemet, andra konstruerade ett
separat begreppssystem for empiriska data i sin karta (inklusive firgférindring) som
de inte kopplade till teorin, en tredje grupp lade vardagsbegreppet helt for sig vid
sidan om det vetenskapliga begreppssystemet, och en sista grupp kunde inte konstru-
era ett begreppssystem for kemisk jimvikt och inte heller koppla till vardagsbegreppet
“firgforindring”.

Nir sammankopplingen mellan vardagsbegreppet och begreppssystemet jaimfordes
med elevernas sprikanvindning, si kunde elever med mer explicit och precist sprak
oftare koppla ihop sin forstielse av kemisk jimvikt med vardagsbegreppet “firgfor-
dndring”. Elever som talade ett annat sprik dn skolspriket hemma kopplade ocksa
mer sillan ihop sin forstdelse av kemisk jimvikt med vardagsbegreppet "firgforind-
ring”, jimfort med elever som talade skolspraket hemma.

En slutsats drogs frin resultaten att elevers sprikanvindning paverkade deras moj-
lighet att delta i lirande och begripliggérande i den proximala utvecklingszonen. For
mer ldsning, se Hamnell-Pamment (2023a).

8.4.3 Delstudie I1I

I denna delstudie underséktes hur eleverna sammankopplade och organiserade kemins
kunskapsdominer enligt kemins triplett i sina begreppskartor. P4 detta sitt relaterades
elevernas begreppskartor till en modell f6r vad man anser vara kemisk expertis, eller
ett begripliggorande enligt kemins kulturella tradition (Johnstone, 1991; Kozma &
Russell, 2005; Taber, 2013). Sambandet mellan detta begripliggorande och elevernas
vetenskapliga sprikanvindning samt prestationer i dmnet enligt tidigare imnesbetyg
kunde sedan undersokas.

Med utgingspunkt i analysen drogs slutsatsen att begreppskartorna kunde delas in i
fyra nivaer av begripliggorande enligt kemins kulturella prakeik:
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1. Begreppskartor dir kunskapsdominerna var tydligt definierade, spriket
tydligt och ménga korslinkar mellan begrepp fanns.

2. Begreppskartor dir en viss forstdelse for tripletten visades genom kopp-
lingarna i kartan, men dir kunskapsdominerna var delvis ostrukturerade.
Istallet sags stringar av parallella narrativ i kartorna med firre korslinkar
mellan begreppen.

3. Begreppskartor dir symboler anvindes som observationsbegrepp eller for-
klaringar. Dessa kartor hade ocksé stringar av parallella narrativ och mer
ostrukturerade kunskapsdominer.

4. Begreppskartor som saknade strukturerade kunskapsdominer. Dessa kar-
tor hade mestadels vagt sprak, men det fanns dven kartor med precis och
explicit sprak. Linkarna mellan begreppen tenderade att vara associativa,
dvs. saknade en 6vergripande strukeur.

Resultaten visade pé ett samband mellan elevers prestationsniva och deras vetenskap-
liga sprak, dir elever med hogre betyg oftare hade ett precist och explicit sprik och
valde mer relevanta begrepp till sina begreppskartor. Elevernas prestationsniva var
dock inte relaterad till hur de strukturerade upp kunskapsdominer i sina begreppskar-
tor. Istillet var det variation mellan skolklasser, dir vissa elevgrupper strukturerade
sina kartor i hogre grad dn andra. Till exempel noterade jag en stor andel av be-
greppskartor av nivd 4 i ta klasser: en vildigt ligpresterande klass, och en vildigt
hogpresterande klass dir de flesta anvinde ett utforligt och precist sprik. Alltsd kunde
vissa elever med ett mycket vilutvecklat vetenskapligt sprik erhalla ett hogt betyg utan
att anvinda sig kemins kulturella praktik i sina begripliggérande av fenomen.

I begreppskartorna illustrerades brist pa begripliggérande ocksa med att kartor med
simre struktur hade flera stringar av narrativ (tanketridar som inte sammanforts med
andra tankar), eller narrativ som radade upp olika associationer runt ett visst begrepp
utan Svergripande strukeur. Dessa typer av strukturer i begreppskartor indikerar utan-
tillinlirning och ytinlirning hos eleverna (Kinchin, 2020; Siljo, 1975). Djupare li-
rande, vilket kan utronas frin ett utvecklat sprak och méinga korslinkar i en begrepps-
karta (Kinchin, 2020), sdgs bara i kartor av niva 1. Elevers brist pd begripliggérande
enligt kemins kulturella praktik sammanfoll alltsi med vissa tecken pa ytinlirnings-
strategier.

Slutsatsen som drogs fran denna studies resultat var att ett vilutvecklat vetenskapligt
sprak i kemi inte nodvindigtvis betyder att begripliggorande enligt kemins kulturella
tradition kan medieras. Det konstaterades dven att det 4r majligt att beddmning av
elevers formégor i kemi inte alltid inkluderar denna aspekt av begripliggdrande, trots
att begripliggorande av kemi inkluderas i bida av de undersokta skolsystemens ldro-
planer. For mer ldsning, se Hamnell-Pamment (2023b).
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8.4.4 Delstudie IV

I denna delstudie undersokte jag hur erfarna lirare gir till viga nir de leder elever till
begripliggorande av kemisk jimvike i lirar-elevdialoger, vilket jag med utgingspunke i
det teoretiska ramverket har definierat som begreppsbildning i den proximala utveckl-
ingszonen.

Alla dialoger som innehdll begripliggorande hade samma 6vergripande strukeur, vil-
ken innebar att konversationen forst initierades av antingen lirare eller elev, eleven
uttryckte sitt begripliggérande med sina egna ord alternativt bad om hyjilp, liraren
ledde en begripliggrandedialog med eleven alternativt gav en forklaring, och konver-
sationen avslutades.

Tre huvudhandlingar fran lirarna utgjorde delar av begripliggorandet i alla dialoger:

e  linka upplevelser med teori, till exempel fraga vad eleven tror hinder med
koncentrationen i 16sningen nir fiargen forindras;

e  ldnka dll alternativa teoretiska begrepp och dirmed 6ppna f6r nya sitt ate
tinka for eleven, till exempel genom att be eleven fundera runt vad som
hinder med reaktionshastigheterna i reaktionen; och

e  hantera spinningar i konversationen som uppkom nir elevens kunskaps-

luckor blottades och tystnad uppstod.

Det noterades dven att reaktionsformeln for de jamviktssystem som anvindes verkade
kunna mediera kopplingen mellan upplevelser och teori for eleverna som en del i
larar-elevinteraktionen, och dirmed hjilpa beggripliggorandet.

Handlingar som lirarna anvinde for att hantera spinningar i konversationen var
handlingar som uppritthéll elevens presentation som kompetent i interaktionen, och
dirmed neutraliserade hotet mot elevens jaguppfattning (Goffman, 1955; Weick,
1995). Exempelvis kunde lirarna

M >

e anvinda sig av inkluderande pronomen ("vi”) for att bekrifta elevens
samhorighet i den vetenskapliga gemenskapen;

e pipeka svarigheten i en uppgift, antingen genom ett direkt pipekande el-
ler ett skimt;

e  Dbekrifta en respons som giltig frdn ett annat perspektiv;

o stddja elevens begripliggérande genom ledtridar bestdende av gester eller
omformuleringar av elevens yttranden; eller,

e  fora bort uppmirksamheten frin eleven genom att ta éver konversationen,
t.ex. genom att forklara ett moment eller fora in ett nytt begrepp in dialo-
gen (det senare innebar alltsd en kombination av lirarens linkande till al-
ternativa begrepp och hantering av spinningar).
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Delstudiens slutsats var att ndr studier gors om begripliggrande i kemi bor elevers
emotionella upplevelser tas i beaktning. Exemplen pd hur erfarna lirare hjilper elever att
gora kemi begripligt kan anvindas som diskussionsmaterial for att stodja kemildrares
professionella utveckling. Fér mer lidsning, se avhandlingens manuskript (Paper IV).

8.5 Diskussion och slutsats

8.5.1 Begripliggérande som centralt i sprakanvindning, tinkande
och begreppsutveckling

I denna avhandling har modeller f6r begripliggorande omdefinierats teoretiskt med
hjilp av Vygotskijs teorier om tinkande och sprik, och relaterats till kemididakeisk
forskning. Genom att anvinda detta ramverk har begripliggérande i kemi kunnat
definieras som en del i begreppsbildning, dialogisk interaktion, kulturellt lirande samt
situerat lirande, allt medierat med hjilp av elevers och lirares sprak. Ramverket har
oppnat upp for studier som rér sambandet mellan sprak, elev-lirarinteraktion och
begreppsutveckling i kemi, och det 4r min forhoppning att denna omdefiniering av
begripliggorande kan vara anvindbar f6r forskningsfiltet inom kemins didaktik.

8.5.2  Elevernas meningsfulla lirande och begripliggorande av kemi i studien

I avhandlingen definierar jag lirande i kemi enligt kemins kulturella praktik som ett
lirande som medfor utveckling av ett strukturerat tankesitt. Detta tankesitt inbegri-
per ett organiserande av, och ett sammanlinkande mellan, kemins olika kunskapsdo-
miner (kemins triplett). Tankesittet utvecklas genom begripliggrande inom proxi-
mala uttvecklingszonen, dir kemins kunskapsdominer anvinds och definieras i sam-
arbete med ldrare (eller en mer kompetent kamrat) for att 16sa problem.

Manga elever i studien saknade indikationer pa att de klarade av att gora kemi be-
gripligt pd ett meningsfullt, integrerat sitt, eftersom de verkade lira sig kemi delvis
med hjilp av utantillirande av vissa fraser, och/eller inte kunde sammanlinka viktiga
begrepp da de konstruerade sina begreppskartor. Svarigheter att sammanlinka viktiga
begrepp har dven setts i begreppskartor gjorda av blivande kemilirare (Kibar et al.,
2013), och sittet att ldra sig kemi dr alltsd inte unike for eleverna i denna studie. Be-
greppskartorna i denna studie illustrerade att de flesta eleverna hade svart att relatera
till kemins triplett pa ett meningsfullt sitt. Detta kunde jag se genom att flera elever
inte interagerade med begreppskartornas "borjan”, inte strukturerade sina kartor, och
inte heller kunde uttrycka symbolisk mening. Det senare indikerar att eleverna hade
svart att mediera mening med hjilp av kemins symboler, ett problem i kemiundervis-
ningen som dven bekriftats av andra (Liu & Taber, 2016). Resultaten fran avhand-
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lingen bekriftar tidigare forskning, som visar pa att elevers forstaelse f6r kemins natur
och vad som innebir begripliggérande av kemi kan variera (Thomas, 2017). Min
forskning visar 4ven pa att meningsfullt lirande i kemi (pavisat genom forméga till
strukturerat begripliggérande) inte behdver vara relaterat till vare sig betygsniva eller
ett vilutvecklat dmnessprak i kemi. Diremot var dmnesspriket i kemi hos eleverna
som deltog i denna forskningsstudie starkt relaterat till prestation, vilket ifragasitter
huruvida det sitt som kemi bedoms i svenska skolor verkligen innebir att elevers for-
mdga att anvinda modeller och kemins sprik for att tolka fenomen utvirderas fullt ut.

Som noterats i delstudie II, si kunde elever anvinda sitt sprak for begripliggorande i
begreppsutveckling genom att sammanlinka vardagsbegrepp med vetenskapliga be-
grepp. Dock var det vetenskapliga begreppssystemet som anvindes i denna begrepps-
utveckling ofta helt eller delvis ostrukturerat och kunde innehalla delar som indike-
rade utantillirande eller associativt tinkande. Speciellt utantillirande gor det svart att
utveckla begreppssystemet vidare (Kinchin, 2020) och dirmed 6ppna upp for ett
strukturerat tinkande som kan involveras i meningsfullt lirande. Alltsd innebar sidttet
som vissa av eleverna i studien lirde sig kemi péd ett problem for framtida lirande
inom dmnet.

8.5.3 Sprakets roll for begripliggorande av kemi

Elevers bemistrande av kemins sprik verkar, baserat pa denna studie, ha stor inverkan
pa deras betyg, och dven pa deras mojligheter att delta i lirande i den proximala ut-
vecklingszonen. Det vetenskapliga spraket verkar alltsd vara nédvindigt for begriplig-
gorande i kemi, vilket 4r rimligt om man ser sprik som en medierande resurs for tin-
kandet (Vygotsky, 1934/1987). Spraksvaga elever (inklusive de som talade ett annat
sprik hemma), verkade finna det svarare att definiera kemisk jaimvikt jaimf6rt med
sprikstarka elever, och dven att linka sin kemiska teoretiska kunskap till vardagsbe-
greppet “firgforindring”. Anledningen att elever med ett vilutvecklat vetenskapligt
sprak kunde delta i undervisningen verkade bero pd att de till en hog grad kunde
spontant anvinda sig av redan etablerade begrepp for att definiera kemisk jaimvike.
Observationen att reaktionsformeln kunde anvindas for att sammanfora upplevelser
(uttryckta med vardagsbegrepp) och teorier (uttryckta med vetenskapliga begrepp)
pekar ocksd pa vikten av dmnesspriket i kemi for begreppsutveckling. Resultaten in-
dikerar alltsa att utvecklingen av strukturerad, begreppslig mening och sprakanvind-
ning i kemi dr 6msesidigt beroende av varandra.

I studien sdgs olika typer av anvindning av kemins symboler: som representationer,
som matematiska forklaringsmodeller eller som medierare av mening. Férklaringar
baserade p4 matematiska modeller kan leda till att den kemiska teorin kopplas bort
(Zhao & Schuchardt, 2021), vilket dven var vad som sigs hir. De olika sitten att
anvinda symboler skulle kunna ses som olika mognadsnivéer for de symboliska be-
greppen, men detta skulle behdva undersékas i en annan forskningsstudie.
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Att elever som bittre behirskade kemins sprik ocksa bedomdes ligga pd en hogre pre-
stationsnivd 4r i linje med litteratur som visar att elever som kinner att de forstir kemins
sprak ocksa har storre tilltro dll sina framtida prestationer och ir uthélligare med sina
studier (Riischenpéhler & Markic, 2020). Elevers upplevda kompetens paverkar dven
deras klassrumsengagemang (Bong & Skaalvik, 2002; Raufelder et al., 2015) och deras
prestation pa sikt (Jansen et al., 2014; Wu et al., 2021). I Sverige innebir vergangen
till gymnasieskolan ett stort hopp i sprikets komplexitet f6r kemidmnet (Ribeck, 2015),
vilket gor det desto viktigare att sprikstod ges i kemidmnet for spraksvaga elever i den
svenska skolan. Exempel pa sprikstod ges i avsnitt 8.5.6.

Baserat pa resultaten presenterade i denna avhandling f6reslar jag att anledningen till
att spraket paverkar kemielevers upplevda kompetens ir att spraket medierar begriplig-
gorandet genom att teori littare kan kopplas till fenomen, vilket kan leda till bade en
kinsla av forstdelse for eleven och en kinsla av tillhorighet i kemiklassrummet. Dock
behover inte denna koppling mellan teori och fenomen vara fullstindig eller ske enligt
kemins kulturella praktik, vilket understryker lirarens viktiga roll i klassrummet att
formedla och vara en modell for vad kemins kulturella praktik innebir.

8.5.4 Begripliggorande i den proximala utvecklingszonen

Lirarna som studerades i delstudie IV arbetade genomgaende for att presentera eleverna
som kompetenta. Elevers akademiska sjilvbild i kemi dr ocksa relaterad till deras fram-
tida prestationer (Wu et al., 2021). Att hantera spinning i interaktioner mellan elever
och lirare som en viktig del i begripliggérandet kan kopplas till Vygotskijs begrepp
perezhivanie, dvs. att elevers lirande och utveckling beror pa hur de ser pd, tolkar och
relaterar till en viss hindelse (Vygotsky, 1934/2020). Samtidigt drivs elevens utveckling
i relation till lirarens modellering och den kollaborativa interaktionen (ibid.)

Baserat pd avhandlingens resultat kan slutsatsen dras att de flesta elever som stude-
rades behovde stdd i sitt begripliggérande om kemisk jimvike. Det kan noteras att
runt hilften (41/88) av eleverna var mycket hdgpresterande utifrin lirarnas bedém-
ning, men att dven dessa i de flesta fall behdvde stdd i sitt begripliggérande under
laborationen. Detta ir i linje med studier som visar pd att behovet av ldrarstdd for att
koppla samman observationer med teori under laborativt lirande i gymnasieskolan
(Gericke et al., 2022) och ldrsvarigheter specifika for kemiomradet (Talanquer, 2008;
Treagust et al., 2003).

Begripliggorande som en kulturell praktik enligt kemins triplett har tidigare kopp-
lats ill klassrummets normer for begripliggorande (Becker et al., 2013). Dock verkar
det i denna avhandling som om manga av eleverna lirde sig delar av kemistoffet med
hjilp av utantillirning vilket ledde till svarigheter att koppla begrepp, och/eller hade
svart att delta i lirande i den proximala utvecklingszonen pa den nivd som krivdes i
undervisningen (vilket leder till omstrukturering av tinkandet 6ver tid; Vygotsky,

1934/1987).
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Jag foreslar, baserat pa forskningen i denna avhandling, att det kemiska sprakets na-
tur och hur det anvinds i begripliggorande kan gora det svart for elever att se skillnad
mellan olika typer av anvindning av symboler i interaktionen med liraren. Detta
eftersom symboler i lirar-elevsamtal anvindes bide som ledtridar for begripliggo-
rande och som medierande resurs for tinkande i samtal, medan vissa av eleverna i sina
begreppskartor kunde anviinda symboler som férklaringar i sig sjilva. Det kan hinda
att symbolers anvindning i kemiundervisningen behéver tydliggéras av lirare med
hjilp av metakommunikation.

8.5.5 Vidare forskning

Inom kemididaktisk forskning finns exempel pa implicita antaganden att elever har’
kunskapsdominer som de behover ldra sig att navigera i kemiklassrummet (Johnstone,
1991; Taber, 2013). Resultaten fran denna studie ifrgasitter dessa antaganden. Istil-
let foreslas att organiserat tinkande inom triplettens kunskapsdominer, sedda som en
del av kemisters kulturella praktik, kan utvecklas (eller inte) genom undervisning i
kemiimnet. Kopplingen mellan kontext, begripliggérande och utvecklingen av struk-
turerat tinkande vore ett intressant fokus for vidare forskning. Hir 4r kopplingen
mellan djupinlirning och utvecklingen av organiserat begripliggérande enligt kemi-
dmnets kulturella praktik speciellt intressant att beforska.

Resultaten fran avhandlingen kan ocksd anvindas som argument emot en kognitiv-
istisk, individualistisk syn pé lirande, eftersom olika elever, speciellt de med svagare
sprak, uppenbarligen behovde lararens hjilp for att utvecklas genom meningsbildning
i samverkan. Sprikformigans centrala roll for lirande i kemi kan ses i sambandet
mellan elevers akademiska sjilvbild och deras vetenskapliga sprikférmaga
(Riischenpéhler & Markic, 2020), men dven i resultaten frin delstudie IV, dir elevers
deltagande i kollaborativt lirande innebar att lararen kunde stétta elevens presentation
som kompetent i interaktionen. Elevers utveckling av kemins sprik over tid i relation
till deras akademiska sjilvbild, emotionella upplevelse och deltagande i klassrumsin-
teraktioner vore dven det ett intressant fokus for vidare forskning, speciellt om en
jamforelse kunde goras mellan elever som liser kemi pa sitt férstasprik och elever som
laser kemi pa ett annat sprik dn sitt forstasprak.

8.5.6 St6d for lirande i kemi

Med avseende pd konkreta stdd for lirande i kemiklassrummet kan jag, baserat pa
resultaten i denna avhandling, rekommendera att elever med svagare vetenskapligt
sprik ges mer stdd i klassrummet att koppla samman teori och fenomen med sina
egna ord, och dven med att vilja limpliga teoretiska begrepp nir de gor detta.
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En annan aspekt att beakta ir elevernas ldrstrategier i relation till lirandekontexten.
Utantillirande kan orsakas av prestationsingest, brist pa intresse (Marton & Siljo,
2005), eller att eleven har utvecklat en likgiltighet for 2mnet baserat pa tidigare upp-
levelser av att misslyckas (Bong & Skaalvik, 2002). Sidan likgiltighet skulle kunna
utvecklas om en elev inte kunnat delta i lirande och begripliggérande pa grund av
begrinsad sprakférméga. Elever med svag sprikférmaga skulle kunna stttas med
hjilp av t.ex. att nya begrepp forklaras med hjilp av ord de forstir (Gieske et al.,
2022), att gruppdiskussioner fors dir elever far beskriva och forklara fenomen samti-
digt som de delar ord och uttryck med varandra (Jakobsson & Kouns, 2023), att
begreppskartor anvinds for att organisera tankarna fére skrivuppgifter (Isabelle,
2015), samt att elevkonstruerade, begreppsintegrerande begreppskartor av samma typ
som anvints i denna studie anvinds i grupp- eller pardiskussioner och ges formativ
dterkoppling fran lirare (Kinchin, 2020; Schwendimann & Linn, 2016). Intressant i
sammanhanget ir att diskussioner om hur begrepp i begreppskartor ir relaterade till
varandra ir en ovning som har karaktiren av djupinlirning (Marton & Siljo, 2005).
For ett exempel pa hur kunskapsintegrerande begreppskartor kan anvindas i samband
med sprakstodjande undervisning, se Vestergard och Pamment (2020/2022).

Baserat pi avhandlingens resultat foreslas att lirare funderar runt hur bedémning
gors i kemidgmnet. Kortsvarsfrigor ger ett daligt underlag f6r bedémning av lirande
(Zele et al., 2004) och problem som kan losas enbart med hjilp av utrikningar kan
leda till att elever med begrinsad kunskap utvecklar mekaniska problemlosningsstra-
tegier (Anderson & Schonborn, 2008). Som visats i denna studie kan begreppskarte-
konstruktion ldras ut till en adekvat niva pa en lektion, och att rita en begreppskarta
baserat pd néagra fa begrepp kan rimligtvis utgora en del av ett vildisponerat prov. Pa
s sitt skulle elevers integrering av begrepp kunna bedémas. En sidan provdel skulle
kunna vara speciellt anvindbar om den upprepades och relaterades till kemins kun-
skapsdomiiner, eftersom detta skulle kunna leda till att elever utvecklar en forstaelse
for tinkande inom kemi 6ver tid (Thomas, 2017).

En sista implikation for lirande rér lirares planering av kemilaborationer. Baserat
pa resultaten i denna avhandling bér kemilaborationer planeras sent i en dmnesdel,
och kemildrare bér medvetet verka for att skapa begripliggérande dialoger i klass-
rummet. Detta kan goras genom att 1. eleven uppmuntras att forklara fenomen med
sina egna ord, och 2. liraren ger forslag pé alternativa begrepp och hjilper eleven att
sammankoppla upplevelse och teori, samtidigt som 3. eleverna presenteras som kom-
petenta i interaktionen med avseende pa deras bidrag till begripliggérandet. Exempel
pa erfarna ldrares begripliggorande dialoger med elever ges i delstudie IV (Hamnell-
Pamment, manuskript).
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8.5.7 Slutord

Fér ménga ér sedan, nir jag borjade undervisa i kemi, frigade jag mig sjilv varfor sa fa
elever och studenter pa universitetet finner vad de gor i kemilaboratoriet begripligt.
Baserat pa vad jag funnit i min avhandling, tror jag svaret pa denna friga kan delas in
i tvé delar.

En del av svaret har att gora med hur vi lir oss. Kemin maéste forst goras begriplig
mellan elev och lirare for att ett kemilirande ska kunna ske. Hir behovs liraren, bade
som en guide for eleverna och som en birare och 6verforare av kemins kulturella
praketik.

Den andra delen av svaret har att géra med ord och ords mening. Om meningen
bakom orden inte ir etablerad for eleven, blir laboratoriet en plats for icke forklarade,
luddiga begrepp. Nir minniskor méter forvirring, eller komplexitet, tenderar de att
bara se det familjira, och forlorar da kontakten med den &vergripande meningen
(Weick, 1995). Kanske blir det littare da, att ldra sig fraser utantill, men hur paverkar
detta elevens emotionella upplevelse av lirandet, och dven deras prestationer éver tid?

Det dr min uppfattning att min forskning har visat pé vikten av bide lirarens arbete
och sprikanvindningen vid kemins begripliggorande. Jag hoppas att avhandlingen
kan bli ett stod for kemildrare i deras roll som birare av kemins kulturella prakeik,
givare av begriplighet och sprik, och killor till elevers akademiska sjilvkinsla i kemi-
imnet.
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APPENDIX

Appendix A. Semi-structured interview
questions for teacher interviews

Interview 1 (pre-lab interview)

1.

Can you tell me about how this lab fits into your lesson plan for the cur-
rent chemistry topic being taught?

How much do you think your planning of the labs are affected by the lab
sheets you have available?

What do you aim for the students to do during this lab?

If we consider student engagement: how engaged do think this group of
students is when it comes to labwork in chemistry?

As a final topic, I would like to look at labwork from a more general per-
spective. What should in your opinion be achieved by labwork in chemis-
try in upper secondary school?

e What makes you decide to use lab activities?
e What, in your opinion, are students’ roles in the lab?

e  Would you compare the way scientists work with the way students
learn in science?

Is there anything you would like to add that you feel is important for me
to know before this lab?

161



Interview 2 (discussion of video clips and three concept maps;
general questions)

162

1.
2.

Y N o

Would you say this was a typical lab introduction from you?

How typical would you say this is of how you and the students talk dur-
ing the lab?

How, in your opinion, did the students’ understanding of chemical equi-
librium change during this lab?

What factors do you think were important for the change in understand-
ing?

e Do you think the use of concept maps had any effect on the lesson?

Do you think these concept maps show an accurate representation of
what these students know?

How do you feel about the type of school you are working at?

What do you feel is the most important thing in teaching in general?
Have you worked as a teacher for more than five years?

Have you worked at this school for more than five years?

e Do you have a position of increased responsibility at the school?
What position?



Appendix B. Survey questions

Questions for student participants in the study ‘Learning in the Chemistry
Laboratory’
The purpose of these questions is to gain a more complete picture of your learning.
Please be as truthful as possible in answering the questions.
All personal information will be anonymised and protected with a key in a safe.

Please make sure you have modified your concept map before answering the questions.

Thank youl!

JOINT FACULTIES
OF HUMANITIES
LUND | AND THEOLOGY

UNIVERSITY
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Question 1
Please answer the following questions (please note that there are no right or wrong answers):

(a) How do you think your understanding of chemical equilibrium has changed during this
lab?

Please use two to three sentences, be as specific as you can, use chemical terminology
when describing the theory, and answer in first person (for instance: “Before the lab, I
thought... / Now I understand that...”).

(b) Was there a particular part of the laboratory exercise that contributed to the change in
your understanding of chemical equilibrium that you have described above?

For example:
handling the equipment
seeing something during the experiment
speaking to other students or the teacher
taking notes
drawing the concept map
etc.

Please use one to two sentences and answer in first person (“I feel that...”).

(c) What do you think was the goal of today’s laboratory exercise?

Please use one to two sentences and answer in first person (“I believe that...”)
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Question 2

In this question, you will use your knowledge of chemical equilibrium to predict an event in a test
tube during a practical.

Observe the following reversible reaction, which appears orange-red in equilibrium:
2 Cr03% (aq, yellow) + 2 H;0% (aq) = Cr,0% (aq,red) + 3 H,0(1)

(a) What happens to the colour of the solution when water is added to the test tube?

(b) Explain your answer by drawing a picture that you believe could represent
the distribution of the molecules in the test tube before and after the addition
of water.

Please use symbolic representations for the molecules in your drawing, such as
H,O. As an aid, symbols representing chromate and dichromate ions are shown
underneath. Also, please add name and symbols of any other molecules that you

use.
Before the addition of water After the addition of water

Name Dichromate ion Chromate ion

Symbol Cr,0%" CrOz~

Please continue by filling in your personal information on the final page.
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Personal information

Name:

Please tick the box by the appropriate answer:

Gender: ] Male [] Female [] T cannot/do not wish to identify as

male or female

Do you speak another language than the school language at home?

[] Yes (most of the time or all the time) [] Partially [] No (not at all or just a little)

How often have you constructed concept maps before this study?

[] Never [] Sometimes [] Often

When you constructed your concept map, did you consciously make the shape special or particula
in any way (different from the instruction)?

[] No, the shape just emerged [] Partially ] Yes

If you answered “Partially’ or “Yes’ above, please describe what you were thinking when you
chose a shape:

Please check that you have answered all the questions before handing in your answers and your
modified concept map.

Thank you very much for your participation!




Appendix C. Added question to pilot study

student survey

Question 2
Please answer the following questions:

(a) How helpful did you consider yesterday’s class on how to make concept maps in
chemistry?

[ Notatall [] Verylittdle  [] A little []Quite alot [ ]A great deal

(b) Is there some part of making concept maps you have not understood? You can choose
more than one option.

[] What concepts are

How to make a proposition

What linking words are

What a focus question is

How to use examples in concept maps

How to differentiate between observations, symbols and particulate explanations

Other (please state):

ooooond

() Do you have any suggestions for improving the instruction on how to make concept
maps?

(d) Did you feel that participating in this study was valuable to you in any way?

[] Notatall [] Very little [JA little [1Quitealot [ ]A great deal
ry g

Please continue by filling in your personal information on the final page.
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Appendix D. Instructions for concept
mapping and concept mapping worksheets'*

How to construct a concept map

* Create propositions, connect them, exemplify, finish up:
1. Write your cancepts on yellow cancept Post-it notes, and place them on the
paper so that they are organised according to your understanding.

2. Decide how two of them are connected and write linking words on a paste/
Post-it note.

3. Make sure the proposition is as clear as possible by reading it out in your mind.
4. Draw the arrow in pencil between the concepts and attach the note with the
linking words.

5. Repeat steps 2-4 until you have connected as many concepts as you can.
6. Add examples where you feel it is neccessary.
7. Secure each Post-it note with a small piece of tape.

[ "Covalent bonds .
Covalent | e S e o Covalent bond hﬂﬁrwr(‘n atoms share
bonds valence electrons.

How to redraw a map

* Double-check all the concept positions:
+ Based on what you know now, do you still agree with their positions?
+ Can some new concepts be added?
+ Add/move the yellow Post-its until you are satisfied.

* Check your propositions by reading through them:
- Based on what you know now, can some propositions be expressed
differently?
+ Can anew link be added?

+ Add/change/move the pastel Post-it notes until you are satisfied, then
erase/draw the necessary arrows.

4 A2 or A3 size is recommended for the worksheets. These worksheets are adapted for the Interna-
tional Baccalaureate Diploma curriculum. 5x4 cm sticky notes were used.
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Given concepts: Heat, AH < 0, Chemical bonds, Specific heat capacity, Temperature. Add at least two concepts of

your own.
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Given concepts: Colour change, Concentration, K., =, Reversible. Add at least two concepts of your own. The

concept map skeleton is also shown in Figure 13 on page 109.
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