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Making sense of chemical equilibrium: productive
teacher—student dialogues as a balancing act
between sensemaking and managing tensiont
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Navigating the observational, symbolic, and theoretical knowledge domains of chemistry is crucial for chemistry
sensemaking. However, this has been shown to be particularly challenging for students of chemistry. In order
to reach government standards for sensemaking in the chemistry subject, it is important to investigate how
chemistry teachers can sustain sensemaking practices in their classrooms. In this study, conversation analysis
was used to study videotaped teacher—student dialogues at upper secondary school practical lessons in
chemical equilibrium. Common patterns in how sensemaking was produced in interaction were found in four
experienced chemistry teachers’ sensemaking dialogues with students. The data show how the teachers use
coordinated actions in conversations to create a balance between (1) managing sensemaking dialogues in the
laboratory classroom on a moment-to-moment basis through connecting theory and experience, and (2)
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managing the tension between exposing students’ knowledge gaps and presenting the students as competent
as part of the interaction. The results of the study indicate that resolving tension in interaction is an important
part of teacher—student sensemaking in chemistry, and also identify the chemical equation as a possible tool
for sensemaking progression. The detailed examples of teacher—student sensemaking can be used as models
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Introduction

Recent decades have seen increased interest in science education in
how students use language to make sense of scientific phenomena
(Lemke, 1990; Norris and Phillips, 2003; Lemke, 2004; Osborne,
2010; Fang, 2016; Taber, 2017). According to the sensemaking
construct established by Odden and Russ (2019a), sensemaking in
science learning has been defined as ‘a dynamic process of building
an explanation in order to resolve a gap or inconsistency in knowl-
edge ... built in one’s own words, through an iterative process of
construction and critique’ while at the same time connecting to prior
knowledge and lived experience (p. 199). According to Odden and
Russ (2019a), sensemaking can be seen as both 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). Recent
research has shown that classrooms that are rich in sensemaking
dialogues have significantly higher learning gains for students
than classrooms that are low in sensemaking dialogues
(Cannady et al, 2019). The research interest in sensemaking
has been mirrored by changes in government policy, for instance
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for chemistry teachers interested in how sensemaking can be achieved practically.

in the United States, where standards have moved further toward
using language to make sense of phenomena as an essential
part of students’ classroom practices (Hakuta et al., 2013; Lee
et al., 2018).

However, students often struggle to make sense of science
(Osborne, 2010; Taber, 2017). Challenges have been observed with
sensemaking in science classrooms, especially with regard to
connecting theory to observable phenomena (Gunstone and
White, 1981; Kind et al., 2011; Hofstein and Kind, 2012). Hence,
it has been suggested that teachers need to give students active
support in connecting concepts to laboratory experiences
(Abrahams and Millar, 2008). In the case of the chemistry class-
room, similar issues with making sense of chemistry phenomena
have been noted (Ben-Zvi et al., 1988; Kind, 2004; Barke et al,
2010). In addition, it is well established that students of chemistry
often have difficulty differentiating between the observational and
the particulate knowledge domains of chemistry, as well as
effectively using the symbolic language of chemistry
(Gabel et al., 1987; Ben-Zvi et al., 1988; Andersson, 1990; Treagust
et al., 2003; Johnstone, 2006; Talanquer, 2008; Haigh et al., 2012;
Stieff et al., 2013; Hernandez et al., 2014; Becker et al., 2015). Based
on these difficulties, it has been suggested that more research is
needed regarding how these knowledge domains can be con-
nected successfully in chemistry classroom dialogues between
teachers and students as part of classroom sensemaking
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(Xu, 2022). However, successful sensemaking also depends on
whether students feel comfortable sharing their ideas in the
classroom, or if the students feel the teacher is intent on “proving
them wrong” and therefore stop sharing their ideas (Criswell, 2012,
p- 26). The present study explores how chemistry teachers at
upper secondary school can support student sensemaking in tea-
cher-student conversations, both through supporting sensemaking
about chemistry and through managing the social interaction within
the teacher-student relationship.

Review of relevant literature
Supporting sensemaking in the chemistry classroom

Research in science education has explored dialogical teacher—
student sensemaking from several angles. It has been proposed
that teachers can support students in their sensemaking through
helping students articulate vexing questions (Odden and Russ,
2019b) and introducing alternative concepts that can contribute to
students being able to bring their reasoning forward (Odden, 2021).
It has also been shown that experimental work can support
sensemaking through stimulating a dialectic between reasoning
about experimental data and reasoning about models (Russ
and Odden, 2017), and that student confusion, surprise and
curiosity is connected to enhanced sensemaking at upper secondary
level (Vilhunen et al., 2022). General teacher practices that support
sensemaking noted in the literature are asking questions, making
connections, increasing challenges in conversations, establishing
conversational norms and differentiating instruction (Fitzgerald and
Palincsar, 2019). In the chemistry classroom, it has been shown that
teacher-established norms, such as those where students are
expected to provide particulate-level explanations, can be effective
in scaffolding student sensemaking practices (Becker et al, 2013).
Conversations where teachers help students make the connection
between observations and particulate-level knowledge through ques-
tioning, shifting focus, and elaborating on student answers, have
also been shown to be beneficial to student sensemaking
(Warfa et al., 2014; Towns et al., 2019; Becker et al., 2015).

With regard to how productive teacher-student sensemak-
ing dialogues are best maintained, it has been suggested that
there might be a tension between (a) the need for students to
express their own reasoning, and (b) the need for teachers to
monitor that same reasoning in terms of scientific correctness
(Russ and Berland, 2019), which might affect how well teachers
can guide productive classroom sensemaking in terms of
correctness. This can be related to whether students perceive
they have the teacher’s support, which has been shown to be an
important factor that influences student engagement in shar-
ing their tentative ideas and asking questions (Beghetto, 2009),
thereby engaging in sustained sensemaking. Teachers exposing
students’ alternative ideas of chemical phenomena and label-
ling them as incorrect can lead to classroom conversational
tension due to students feeling exposed and made to look bad
(Criswell, 2012), or can lead to guarded student interaction due
to fear of failing (Oliveira, 2010). However, if questions are
aimed at getting students to articulate their ideas and
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reasoning, this can lead to students being presented as ‘comple-
mentary experts’ in the interaction, which may lead to longer and
more sophisticated contributions from students (Oliveira, 2010, p.
445). Students being presented as competent or less competent as
a result of classroom interaction and their perceived achievement
then affects their academic self-concept; that is, how they evaluate
their own academic ability and their expectations of success
(Bong and Skaalvik, 2002). Their academic self-concept in turn
predicts their continued achievement (Wu et al., 2021).

Hence, how teachers position and guide students through
the sensemaking dialogue is vital for how the sensemaking pro-
gresses. Encouraged students who feel a high sense of self-efficacy
(an aspect of the academic self-concept; see Bong and Skaalvik, 2002)
have better problem-solving capacity, higher active engagement and
greater perseverance in the face of difficulty (Bandura, 1989), all of
which are important components that contribute to sustained
sensemaking (Odden and Russ, 2019b). Conversely, student frustra-
tion has been connected with disengagement from the task at hand
(D'Mello and Graesser, 2012). In the subject of chemistry, language
complexity also poses a challenge for students (Markic and
Childs, 2016), whereby the medium through which sensemaking
takes place can become a barrier for student participation. Tensions
arising in teacher-student conversations in the chemistry classroom
may be related to the importance of students feeling competent in
the language of chemistry in order to feel academically competent in
the subject in general (Riischenpohler and Markic, 2020).

Interaction disconnect and threat to students’ self-perception
can both be linked to Weick’s (1995) view on sensemaking as driven
partly by a need for a person to maintain a positive self-image in a
situation where a gap appears between what is observed and what is
expected. A person’s experiences of highly complex phenomena,
confusion, surprise, or discrepancies in explanations that are pointed
out by another all qualify as triggers to sensemaking (Weick’s, 1995).
According to Weick (1995), if the gap between the perceived and
expected reality is not resolved, this will lead to an emotional
response that can be negative if the person sees a perceived threat,
for instance to their perceived self-image or to the continuation of an
expected turn of events. This can lead to a narrowing of perception
for the person and a tendency to use familiar rather than recently
introduced models to describe phenomena (Weick’s, 1995).

Hence, the way in which teachers manage conversational
tension and the display of student competency in interaction is
vital for how sensemaking can progress in the chemistry class-
room. However, no studies so far have investigated examples of
how teachers can work to produce sustained dialogical sensemak-
ing in the chemistry classroom, or in science education in general.
Considering the challenges that chemistry educators face regard-
ing chemistry sensemaking, it becomes particularly important to
study how teachers enact and sustain chemistry sensemaking
dialogues with students, and how tension in conversation is
managed in these dialogues. This study explores how four experi-
enced chemistry teachers work to produce sustained sensemaking
dialogues with students while managing tension in conversation.
The aim is to increase knowledge about how chemistry teachers
can facilitate productive, sustained sensemaking conversations in
their classrooms.

This journal is © The Royal Society of Chemistry 2024
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Chemical equilibrium as a topic of study of sensemaking in chemistry

The topic of chemical equilibrium is regarded as a threshold concept
in learning chemistry (Talanquer, 2015), and many alternative con-
ceptions have been noted in student populations (Driel and
Gréber, 2002; Kind, 2004). The concept of chemical equilibrium
undergoes several changes in terms of how it is presented to
students, and its definition is gradually changed and refined
throughout the students’ schooling (Driel and Griber, 2002; see
Fig. 1). At upper secondary schools in most Western countries, 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) (Driel and Gréber, 2002).

One issue with learning chemical equilibrium is that chemical
reactions are presented as unidirectional at introductory chemistry
level, and then as dynamic at upper secondary school level
(Driel and Gréber, 2002). Issues with generating static instead of
dynamic meanings appear to persist at university level (Yan
and Talanquer, 2015). Hence, the study of sensemaking of the
threshold concept of chemical equilibrium at upper secondary
school level was regarded as a focus that could be beneficial to
chemistry educators.

Theoretical framework

Odden and Russ’s (2019a) definition of sensemaking was
utilised as a framework for defining sensemaking in the

University level:
A presentation is made of the

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

i

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

!

The definition of chemical reaction is changed

|

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

Fig. 1 Overview of how the concept of chemical equilibrium is presented
in stages throughout education from introductory to university level in
many Western countries (Driel and Graber, 2002). Initially, reactions are
presented as proceeding to completion. This definition is then modified at
upper secondary school as the chemical equilibrium concept is intro-
duced. The thermodynamic derivation of chemical equilibrium is usually
presented at university level (Driel and Graber, 2002).
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chemistry classroom. This framework has been used previously
(Hunter et al., 2021). Odden and Russ (2019a) defined sense-
making as noticing a gap in one’s understanding, commonly
through an observation, and trying to resolve it, connecting to
prior knowledge and lived experience. To capture tension in the
teacher-student dialogues, Odden and Russ’s construct was
expanded using Weick’s (1995) definition of sensemaking in
social interaction and Goffman’s definition of the self (1955).

In addition to the sensemaking definition by Odden and Russ
(2019a), Weick’s (1995) definition of sensemaking included the
factors of socialisation, following cues, deciding what is plausible,
and sense of self, where he proposes that sensemaking is ‘grounded
in identity construction’ (p. 61). According to Weick (1995), if a gap
in understanding remains unresolved, this can lead to a threat to a
person’s sense of self and tension in interaction. The tension arises
as the person encounters a discrepancy between the need to
confirm the self-concept (perceiving oneself as competent) and
the inability to make sense as part of the interaction (Weick, 1995).

Using the theories of Goffman (1955), the sense of self can
be defined as an image of the self that arises from social inter-
action, where the self is defined both as an actor and a construc-
tion. Hence, the encounter, where sense is being made, is also a
place where a person’s self is gradually constructed through self-
evaluation (Goffman, 1955). This self-evaluation emerges both from
the person’s self-judgement and the evaluation made by others
based on the actions played out the encounter (Goffman, 1955).
During teacher-student sensemaking, the teacher’s evaluation of
the student in interaction becomes particularly important for the
student’s self-concept, as the teacher’s judgement takes precedence
over the students’ judgement in these types of interactions
(Hutchby and Wooffitt, 2008).

Aim and research question

The purpose of the study was to explore how teachers promote
sensemaking during teacher-student conversations on chemical
equilibrium, and how the teachers manage possible instances of
tension arising from their monitoring of student reasoning. The
study utilised conversation analysis of dialogues between experi-
enced teachers and upper-secondary-school students. To include
student observations and various experiences relating to chemical
phenomena in the teacher-student conversations, observations
were conducted of teacher-student dialogues during practical
lessons on the topic of chemical equilibrium at upper secondary
schools in Sweden. The study of productive classroom sensemak-
ing teacher-student dialogues through conversation analysis can
show how extended sensemaking is managed by teachers on a
moment-to-moment basis. Furthermore, possible teacher actions
identified in promoting sustained sensemaking can be used as
models for teachers who wish to further promote sensemaking in
their daily practice.

The research question posed was: What actions do teachers use
to promote sustained sensemaking in conversations with students
while teaching the topic of chemical equilibrium during practical
lessons, and how is tension managed in these conversations?

Chem. Educ. Res. Pract., 2024, 25,171-192 | 173
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Methods

Research rationale and study design

The data used for this study were taken from a larger research
project, which focused on the study of student learning of chemical
equilibrium in the chemistry laboratory in four schools in Sweden.
The research project utilised purposive sampling to approach
schools. This meant schools were chosen to represent a range of
grade intake levels, settings (one small town school, one university
town school, and two city schools) and two school systems (repre-
sented by three Swedish school classes from the Natural Sciences
programme: and two International Baccalaureate school classes).
Video recordings collected for this research project that contained
teacher-student dialogues on chemistry theory were chosen as data
for the present study. In addition, student achievement levels and
teacher interviews about the learning context, also collected through
the project, were used to complement the video data.

The analytic method chosen for the study was conversation
analysis, and the study design was emergent, grounded in data,
and inductive, with a focus on teacher facilitation of student learning
of chemical equilibrium. This meant the aim and research question
emerged as the data were being analysed (Miles et al, 2014).
Conversation analysis can provide evidence on intersubjectivity in
interaction, or a ‘known-in-common world’ of the conversation
participants, at the same time as each participant’s contribution is
continuously shaped by, and re-shapes, the dialogue as it progresses
(Heritage, 1984, p. 216). As a method, conversation analysis is based
on detailed analysis of verbal and non-verbal interactions and
focuses on what the conversational turns indicate about the overall
organisation of the participants’ behaviour (Heritage, 1984). There-
fore, conversation analysis was regarded as an appropriate method
for the inductive study of teacher facilitation of chemistry learning.
Video data is particularly useful for this kind of analytic method as it
provides additional nonverbal information, including gestures and
direction of eye gaze, which are important for contextualisation of
the utterances (Cowan, 2014). Finally, interviews with teachers on the
learning context can give information on the students’ previously
covered topics, and which concepts the teachers use to teach
chemical equilibrium, which provides additional evidence on which
concepts students might be expected to use in class. Because the
conversations were analysed as belonging to a local teaching context,
this meant the coding had an ethnographic approach (Altheide and
Schneider, 2013).

In the present study, a qualitative approach was taken to
studying the dialogues in the data. Qualitative methodologies
carry low generalisability (Cohen et al., 2018), but can also be
used to explore context and nuance in data that cannot be
covered by statistical analysis (Flyvbjerg, 2001).

Participants

Teachers. The four teachers participating in the study each
had 15-30 years of experience teaching chemistry. Three out of
four teachers had the position of lead teacher (‘f6rsteldrare’),
which means they had special responsibilities in terms of the

i This is the only upper secondary school programme in the Swedish school
system that covers chemical equilibrium.
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Table 1 An overview of the teachers participating in the study and their

teaching contexts. The average student grades are given as compared to
the national average

Average grades of

Name Setting of students being

(pseudonym)  school School system  admitted to school

Anna City Swedish High

Lars Small town Swedish Medium

Cecilia City Swedish Low

Erik University town International  High
Baccalaureate

development of teaching practices at their respective schools.
The fourth teacher had 30 years of teaching experience. An
overview of the teachers included in the study and their
teaching contexts are shown in Table 1.

Students. The school classes belonging to the four teachers
had in total 73 students aged 16-17 who volunteered to
participate in the research study. Out of these, 64 volunteered
to be filmed and audio-recorded. Student achievement in the
different school classes varied widely, with higher previously
graded achievement levels being slightly overrepresented in the
sample (out of the students consenting to share their previously
graded achievement levels with the research project, 54 per cent
represented the two highest achievement levels and the
rest were evenly distributed over the mid-, low-, and failing
levels§).

Learning context

All students had followed roughly the same teaching sequence
prior to practical lesson, which included an introduction to
reversibility with a focus on particle collisions and kinetics,
followed by a (sometimes brief) introduction to the Equilibrium
Law and, in some cases, Le Chatelier’s principle.

The four practical lessons that focused on exploration of
shift in chemical equilibrium all had a similar setup: (1) teacher
theoretical/practical introduction and handing out of lab
sheets; (2) students setting up their equipment with teacher
support; (3) the students executing small experiments on shift
in chemical equilibrium (either related to iron thiocyanate or
cobalt chloride equilibrium), discussing answers to questions
on the lab sheet amongst themselves and with the teacher; and
(4) a teacher summary of the theory or referral to a continued
conversation during the next lesson. All teachers introduced the
relevant theory on the board at the beginning of the practical
lesson as part of the introduction, except for Lars, who intro-
duced it on the board gradually in response to student questions.
The theory discussed during the lesson was assessed later as part
of the chemical equilibrium subtopic. An example lab sheet is
found in Appendix A.

§ In the Swedish grading system, the highest grade (A) can be said to correspond
to extensive and nuanced 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 fulfils the requirements for Grade C but also, to a large extent, Grades A and
D work equivalently as a grade in-between E and C (Skolverket, 2022). The IB
achievement levels range from 1 (fragmentary knowledge) to 7 (comprehensive
knowledge) (International Baccalaureate Organization, 2017).

This journal is © The Royal Society of Chemistry 2024
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Data collection

All classrooms were filmed from the back and at an angle to
ensure that the students who did not wish to be filmed could
participate in the practical lesson. The teacher carried a lapel
microphone and the video camera had a separate microphone
that recorded background noise. Additionally, a table camera
was set up to film the whiteboard. The researcher sat at the
back of the classroom by the camera, taking observational
notes, from the beginning of the class (starting before the
students entered) and throughout the recording session.

The teachers were interviewed twice for validity purposes, firstly
in order to collect contextual information about the practical lesson,
and secondly for participant verification. Hence, the interviews were
transcribed but not coded. The first interview took place before the
practical lesson, where the teachers were asked to describe the
students, their teaching goals and the learning context. This
information was later used to inform the interpretation of the video
data when contextual information was needed, such as which
concepts had been taught in the previous classes. The second
interview took place after the practical session and teachers were
asked to reflect on the video clips from the practical lesson and
verify that the students, as well as they themselves, had behaved as
they normally do during conversations. Only one teacher commen-
ted on the students’ behaviour, saying they were a little calmer than
usual during the introduction to the lab (perhaps because many
were absent during that day). Two teachers appeared to forget that
they were being recorded during the lesson: one stated this explicitly
after the lesson, and the other walked around with the microphone
still turned on outside of the classroom.

Data coding and analysis

In total, 5 hours and 34 minutes of video were analysed. All longer
teacher-student conversations regarding the theory of chemical
equilibrium (spanning 2-3 minutes or longer) were first transcribed
in great detail using conversation analysis (Heritage, 1984), includ-
ing pauses, hesitations, eye gaze, and movements (including ges-
tures, hands indicating towards the whiteboard or lab sheet,
symbols being drawn in the air and movement to and from the
conversation). These conversations were then coded descriptively
alongside the video material in Transana to inductively explore
common themes. Several waves of coding were used that included
cycles of coding and discussion of video materials in continuous
movements between transcripts and video data. These discussions
about the material and codes were held on a regular basis with an
external professor specialised in conversation analysis.

The teacher-student dialogues were first inductively described
using conversation analysis, and the patterns in the data were then
identified as sensemaking interactions (recently defined by Odden
and Russ, 2019a,b), based on a review of science education literature
related to student reasoning. The actions identified in the data as
being part of sensemaking involved gaps in student knowledge
being displayed, students connecting prior knowledge and experi-
ence in their own words to make sense of what they saw, and
explanations gradually being built (Odden and Russ, 2019a,b). For
an example of the initial analysis, see Appendix B. After the

This journal is © The Royal Society of Chemistry 2024
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theoretical focus of the article had been identified, the conversations
in the transcripts and video materials were analysed in the form of
process coding (a type of coding that uses gerunds to describe
actions unfolding over time in certain sequences; Miles et al., 2014),
and the aim and research question emerged as the data was related
to the research literature. When the overarching themes relating to
sensemaking were identified, all shorter conversations were tran-
scribed, leading to further adjustments of the codes. This meant all
interactions between teachers and students that contained a sense-
making component were changed into film clips (46 in total) and
coded in Transana. After an analysis of the conversational structure
(see Appendix C), 41 sensemaking conversations were identified in
the data. Common themes, categories and examples of codes
from the process coding analysis are shown in Table 2. Constant
comparison analysis was utilised throughout, which meant that
codes were repeatedly checked for internal consistency (Cohen
et al., 2018, pp. 719-720). A codebook of code definitions was
kept throughout, and coding was accompanied by regular and
frequent memoing.

For the purposes of publication, transcripts were translated
by the first author - a qualified chemistry teacher, native Swedish
speaker and C2 proficiency holder - who studied the transcripts
extensively. The translations were checked by a native Swedish
lecturer at the university’s English department. However, nuances
may have been lost in the translation, which according to
recommendations for discourse analysis (Belczyk-Kohl, 2016) is
shown as separate from the original transcript.

Conversation analysis is useful for the study of sensemaking
dialogues, as it can show how the practice of making sense is
managed by the conversation participants. In addition, conversation
analysis can identify how tension is managed; that is, how agree-
ments and disagreements are managed reflexively in different
conversational contexts through the study of, for instance, silences,
hesitations, clarifying questions, repair, and mitigations in conver-
sations (Pomerantz, 1984; Pomerantz and Heritage, 2012). Regard-
ing validity, conversation analysis is a careful and detailed way of
studying the structured, social organisation of interaction, through
analysis of question-answer pairs in dialogue as empirical data that
show how actors reflexively organise and make sense of their local
social setting (Heritage, 1984). Although conversation analysis can
sometimes concern single cases, its focus is to find general patterns
of interaction through rigorous description of the participants’
actions, maximising generalisability of accounts through the study
of many examples, and paying close attention to deviant cases
(Hutchby and Wooffitt, 2008). Hence, it is a method that is
particularly suited for inductive analysis. From this perspective,
conversation analysis can be viewed as a method that is high in
validity through its thick description and focus on overall patterns of
actions (Geertz, 1973; Miles et al., 2014). To explore how teachers
and students carry out sensemaking in teaching dialogues, the
method was regarded as suitable.

Ethical considerations

Ethical approval. As the study did not involve the collection
of sensitive data and there was no risk of injury for the
participants during, no ethical permit was required to conduct
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Table 2 An overview of the common coding themes related to teacher—student conversational actions that emerged from the process coding part of
the conversation analysis. Numbers in parenthesis indicate the number of conversations, out of 41, that contain the theme or category. Examples of
conversational actions are also given. Other types of conversational actions found through coding, such as teacher corrections, are not noted in this table
since these types of actions were not common to all conversations. Note that actions belonging to Theme 3 were mostly initiated by teachers and only

rarely by the students themselves

Themes Categories

Examples of actions

Theme 1 - connecting
observations or experiences to
theory (41)

theory (37)

chemical solution to theory (16)

Connecting a symbolic representation of an
experience to theory (e.g., a symbol spoken of as

a chemical solution) (4)

Theme 2 - linking to
alternative concepts (41)

Theme 3 - managing tension
(40)

Providing a hint (11)

Reformulating a student statement (8)

Pointing out the difficulty of the task (4)

Giving a direct explanation (27)

Providing acts of inclusion (using inclusive

pronouns) (7)

Confirming a student response as valid (2)

Using humour (4)

Connecting an observational experience to

Connecting an experience of working with a

Linking to alternative theoretical concepts® (38)
Linking concepts to chemical equation (2)

Linking to alternative theoretical concepts® (16)

Connecting the colour change of the mixture to the chemical
equation

Connecting the addition of a solution with a proposed
reaction

Pointing to the chemical equation and referring to the
memory of the experiment, then referring to particle
collisions

Introducing the concept of ‘reaction rate’ to the conversation
Introducing the chemical equation to the conversation when
talking about reversibility

Asking the student to think in terms of ‘concentration’ when
the student cannot give the required answer

Indicating at the answer with a gesture while asking
Claiming the student meant to say a shift in position of
equilibrium occurred

Saying that the experiment was quick and hard to see
Explaining colour change in terms of reaction rates to the
student in response to the student struggling with sensemaking
Using “we” when referring to past experiments performed in
class

Acknowledging that things may be expressed in different ways
Making a friendly joke after the student claims not to know

“ ‘Linking to alternative theoretical concepts’ could be an action belonging to Theme 2 or Theme 3, but it occurred in all conversations.

the study according to Swedish law (SFS 2003:460). However,
the general ethical guidelines issued by The Swedish Research
Council (2011) were followed throughout. Data handling fol-
lowed the EU General Data Protection Regulation.

Informed consent. All participants signed consent forms. In
brief, participation was voluntary, participants could quit at any
time, and the participants were fully informed of the study, its
purpose and how the data would be handled. Since the stu-
dents were over 14 years of age, no parental permission was
required according to Swedish law (SFS 2003:460 18§).

Results
Common trends in the data

The practical lessons all contained an introduction by the teacher,
practical teacher—student dialogues as the experiments were set up,
and then sensemaking dialogues between the teacher and the
students (either with individual students or with students in pairs)
as the students attempted to answer the questions on their lab
sheets. Two of the teachers ended the class with a summary on the
board, whereas the other two teachers produced the summary on
the board gradually as the class progressed.

All of the sensemaking dialogues in the data contained two
essential parts. In the first part of the dialogue, the students’
pre-knowledge was expressed in their own words. This pre-
knowledge was expressed either through a question or an
utterance, or through their own attempt to connect chemistry
theory with their observation of the novel phenomenon that
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they were asked to explain. This was followed, in the second part
of the dialogue, by a teacher-student sensemaking sequence
guided by the teacher, in which an observation or an experience
was connected to theory using the student’s own words (con-
cepts previously covered in class and known to the student as
evidenced by the interaction and teacher interviews), in order to
resolve a gap in knowledge that was exposed in the conversa-
tion. A full breakdown of the dialogic structure, exemplified in
relation to one of the dialogues, is shown in Appendix C.

Three common approaches to supporting extended sense-
making appeared in the teacher-student dialogues defined as
sensemaking conversations (see Appendix C) during the chem-
istry practical lessons. These were: (1) relating observations or
experiences to theory; (2) linking to alternative concepts to open
up new paths of reasoning; and (3) managing tension. In
addition, teachers clarified misunderstandings when needed.
Hence, all of the sensemaking dialogues had both theoretical
and social aspects. To exemplify both the process of sensemak-
ing and the themes uncovered in the data analysis, one
sensemaking sequence is described below in its entirety, after
which transcript excerpts are used to further illustrate the
themes in the data.

Actions used by teachers to achieve sustained sensemaking
about chemical phenomena

The following conversation, which exemplifies the themes
(denoted Th in the transcript and running text, see also
Table 2) in the data related to the theoretical and social aspects
of sensemaking, comes from a conversation between the

This journal is © The Royal Society of Chemistry 2024
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Anna 5, 01:42-02:15

View Article Online

Paper

1 A: Far ni ritt pa re, er ha ja inte pratat nit me
Did you figure it out, I have not spoken with you o A
2 st [Niich vihar - vi tinker ae dom tvi (poinis at bes) beror pi | e
iNo we have some- we think that those two depend on e to theory (Th1)
3 ‘koncentration;en,
it/)e concentration
4 A JasB T
Yes? B-
5 S1:  De e ju bida imnen som <finns> i re- ass4 i 16sningen frin bétjan. 81: Connecting an
They are after all both substances that are present alr- 1 mean in the solution from the start. jg/}j:z;im;ld/f;)\/) erience
6 A: Ja ‘
s e en anians e s A e ke 2 il
7 St: A den hir ((points at tube)) s- tinker vi att dir si reagerar silverjonerna ((points at
;And this one 5- we think that there, silver ions react
8 iinstruction)) med tiocyanatjoner ((points at instruction)) istillet for att jarnet gor det.
] with thiocyanate jons instead of the iron doing so. E
o 3 A :_illefi/a/ion, indicating
10 A dispreferred disagreement
A: Confirming a student
response as valid (Th3),
11 St: minimising disagreement
S1: Displaying uncertainty
12

teacher Anna and three of her students. Anna taught a class
dominated by very high-achieving students in one of the larger
cities in Sweden. The conversation was translated from Swedish
by the researcher(s)] and shows Anna leading the students
through sensemaking during a practical lesson on shift in

€ Anna is labelled ‘A’ and the student is labelled ‘S’. ‘[’ denotes overlapping
speech, ‘# a creaky voice, ‘< >’ slower speech, ‘' a prolonged vowel, ‘==" a
continuation of a turn or speakers latching onto each other’s utterances, ‘“word”’
a softer voice, ‘1’ and ‘|’ a temporary markedly higher or lower pitch, ‘word’
denotes emphasis, ‘.hh’ indicates an intake of breath, ‘heh’ indicates laughter,
and parentheses denote pauses and their length in seconds. The transcript
translation (following recommendations by Belczyk-Kohl, 2016) uses standar-
dised language, meaning the word order has been changed where the languages
differ, and has interchanged Swedish idioms or interjections for appropriate
idioms or interjections in English. It also shows words that are emphasised in the
original transcript in bold, and is translated utterance-by-utterance to retain the
social meaning of the original (Belczyk-Kohl, 2016).Anna is labelled ‘A’ and the
student is labelled ‘S’. ‘[’ denotes overlapping speech, ‘#' a creaky voice, ¢ < >’
slower speech, ‘" a prolonged vowel, ‘ = =" a continuation of a turn or speakers
‘7 and ‘|’ a
‘hh’
indicates an intake of breath, ‘heh’ indicates laughter, and parentheses denote
pauses and their length in seconds. The transcript translation (following recom-

latching onto each other’s utterances, ‘“word” a softer voice,

temporary markedly higher or lower pitch, ‘word’ denotes emphasis,

mendations by Belczyk-Kohl, 2016) uses standardised language, meaning the
word order has been changed where the languages differ, and has interchanged
Swedish idioms or interjections for appropriate idioms or interjections in
English. It also shows words that are emphasised in the original transcript in
bold, and is translated utterance-by-utterance to retain the social meaning of the
original (Belczyk-Kohl, 2016).

This journal is © The Royal Society of Chemistry 2024

A: Linking concepts to
chemical equation (Th2)

chemical equilibrium. In this particular class, the students
are studying iron thiocyanate equilibrium, and are expected
to reason about what happens to the equilibrium mixture when
they add iron(m) ions, thiocyanate ions, and silver ions.

In this first part of the dialogue, Anna initiates the con-
versation in Line 1 through asking if the students have ‘figured
it out’, whereby she contextualises the overall purpose of the
lesson; that is, to figure out what happens during the shift in
equilibrium. In response to this, student S1 initiates sensemak-
ing in her own words in Lines 2-3 (connecting experience to
theory, Thi), which Anna responds to with a questioning yes
(jaa?’), indicating agreement (Pomerantz, 1984), and an inade-
quate answer (Gardner, 2012). Due to a lack of final assessment
by Anna, S1 is then obliged to elaborate (Gardner, 2012) in Line
5, followed by another withheld assessment by Anna in Line 6.
S1 is then again obliged to continue (Lines 7-8). However, in
Lines 9-10 there is first a pause and then a ‘tch’-sound and a
questioning repeat (‘jaa?’ [yes?]), indicating a reluctance to
agree on behalf of Anna (Pomerantz, 1984; Lindstrom, 1999),
to which S1 immediately responds by partially withdrawing her
answer (‘kinda’ [typ], line 11). The affirmatory yes, combined
with displayed reluctance, can be reasonably deduced to indi-
cate an underlying positive, encouraging position with regard
to the student, and it is notable that a direct contradiction of
the student’s sensemaking is avoided. In response to the
students’ withdrawal, Anna’s explicitly assesses the response
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as being valid from a different perspective (‘Sa skulle man ju
kunna sdga’ [That’s one way of putting it of course], Line 10). The
confirmation of the previous position by Anna minimises the
rejection of S1’s statement through agreeing with its validity
(Pomerantz and Heritage, 2012) and thereby alleviates tension
arising from the indication of rejection or disagreement (Anna
managing tension, Th3). As S1’s statement is confirmed as a
valid perspective, S1’s competence can be reasonably assumed
to be upheld in the interaction.

Anna then initiates teacher-student sensemaking in the
second part of the dialogue through a request for a change of
focus from the concept of reactivity (silver ions react with
thiocyanate ions, Lines 5-7) to the effect that precipitation
(connecting experience to theory, Thi) has on the equilibrium
reaction (Lines 10-12), opening up for sensemaking using the
theory of chemical equilibrium. This teacher-student sense-
making part of the conversation, which contains a narrative
made up from teacher cues for sensemaking and student
responses, then continues all the way to Line 71 in the
transcript.

Anna 5, 02:15-02:39

View Article Online

Chemistry Education Research and Practice

students’ experience of the solution (‘fillning’ [precipitate],
‘salt’ [salt], ‘16st’ [dissolved] and ‘16sning’ [solution]; Lines 17,
22, 23, 27 and 30) (connecting experience to theory, Thi). In this
way, Anna formulates the problem using words and experiences
that are familiar to the students. Thereby, she can be reason-
ably assumed to give prompts for sensemaking (which the
students need to perform in their own words; see Odden and
Russ, 2019a) as she is managing the tension that arises when
the students struggle to participate. Anna also frames the
previous teaching experience as a joint experience using the
inclusive pronoun ‘vi’ /we] in Line 15. The use of inclusive
pronouns is an action previously proposed to signal positive
approval and inclusiveness through referring to the common
membership of a scientific community (Bills, 2000) (Anna
managing tension again, Th3). In response to Anna’s action, S1
again takes part in sensemaking (showing understanding
through sensemaking participation; see Macbeth, 2011), and
Anna continues to guide student sensemaking through a
rhetorical question that simultaneously connects the students’
observation to the theory (that is, precipitate and particle

S7: No answer, indicating
Fknowledge gap

"TS~~-A: Linking to alternative
theoretical concepts (Th3);
Providing acts of inclusion

(Th3)

~~-A: Connecting an
observational experience to
theory (Th1); Using
humonr (Th3)

--A: Connecting an

observational experience
to theory (Th1);
actually become bound up in Linking to alternative

theoretical concepts

13 ianp e
14 S1: MM:m® ((tilts head, looks at instruction)) _____________
15 A:  !Vaberor reaktionen pé, vi sajatt vi ska ha gynnsamma kollisionet, eller hur }
What does the reaction depend on, we }aii;z'iit/mt we should have favourable collisions, an/Jti
6 St: Mm e
M hmm
17 A:  !Hur gynnsamt tror ni de blit om man ha re som i en fallning |
How favourable do you think it becomes if you have it as in a precipitate
18 0y
19 S1:  Ej [ sagynnsamt
Not 5o favourable
20 S2: [Inte si gynnsamhmhmt=
Not so favourable ((langhs))
21 A [=De betyder att dom <hir ((points at instruction)) blir ju faktiskt> uppbundna i
That means that these ones
22 ett svarlosligt salt, si de- de ju pa sam- om- sa hur kommer koncentrationen av
a sparingly soluble salt, so they- it is after all in the same- if- so how will the concentration of
23 16st tiocyanat att paverkas.

L (Th2)

The teacher-student sensemaking does not progress imme-
diately. S1 pauses in Line 13, looks away, and expresses a high-
pitched but quiet ‘Mm’ in Line 14, indicating that she cannot
act on Anna’s sensemaking cue; that is, a knowledge gap is
revealed (Macbeth, 2011). Continuing immediately in Line 15,
Anna then introduces to the sensemaking dialogue concepts
previously covered by the students (Anna, Interview 1; the
concept of particle collisions [Lines 15-17] and concentration
[Line 22]) (mmanaging tension, Th3) and connects back to the

178 | Chem. Educ. Res. Pract., 2024, 25, 171-192

collisions; connecting experience to theory, Th1) and introduces
humour into the dialogue (managing tension, Th3, through a
signalling of companionship; see Kangasharju and Nikko,
2009). Anna immediately continues to cue student sensemak-
ing in Lines 21-23, with her continuation indicating the ques-
tion has been answered correctly (Pomerantz and Heritage,
2012; Gardner, 2012). In the next part of the sequence, we can
see how she includes both S1 and S2 in the teacher-student
sensemaking.

This journal is © The Royal Society of Chemistry 2024
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Anna 5, 02:39-03:09

View Article Online

Paper

82: Connecting an observational experience to
——-==="theory (Th1) (implicitly connecting
il concentration change to the formation of the

24 S2: E Den kommer gi:: ner. i. emem e observed precipitate)
i1t will go down.
25 A: Den kommer ju ga net ja. __ A: Connecting an
It will go down yes. o " observational experience
26 S1: Vinta nu va sa ni nu sig re en gang till. to theory (Th1),
W ait what did you say say it one more time. e repeated for S1
27 A:  [Joeftersom tiocyanatjonerna binds upp i det svarlosliga saltet |
i Well since the thiocyanate ions are bound up into the sparingly soluble salt
28 S1:  Mm :
29 A 14 da frigade ja hur kommer de d paverka <koncentrationen> av tiocyanatjoner
iAﬂd then I asked how will that then affect the concentration of thiocyanate ions
30 i <l6sning>. :
.  in solution.
31 (0‘5) """"""""""""""""" SV §'1: Connecting an
32 St: DC blir \medre ¢]a ((nOdS))_ i_ __________________________________ ,/'/ observational experience to
»I_tﬁff_afflff _/_e{J_'J_e_J‘ __________________ theory (Th1) (see 2, above)
33 A: =De blir mindre ja.=
) _I{‘_b_e_[_a_ﬁ_[g{ !_e:f:ng{ _____________________________________ /‘,/’ » A: I"I-”kl‘”g mfm’/)/f‘/o
34 S1: r Eftersom att resten e dir. ((points at mstrucnon)), chemical equation (Th2)
| Since therestisthere. . S
35 A: i Precis 4 om du tittar pa reaktionen (d)ir ((indicates with her hand to the equilibrium
:  Precisely and i if you look at the reaction there
36 iequau’on on the whiteboard; the students look up)) om den ((points to FeSCNZ* E
5 if that
37 and makes a circle with her hand in the air)) <minskar>,
ST .. T 5
38 S1:  :S4 minskar [ju ocksa] koncentrationen av den 4 di=|
Then of conrse the concentration of that also lessens and then
39 S3: E [aha::] :_ _______________________________ §'1: Connecting an
i Aba i observational experience
40 S1: : =minsk|[ar firgen to theory (Th1)
the colour lessens
41 S2: ] Ja ada#Hm-—
Yes and then I-
42 : 5) A: Hesitation, indicating

43 A: | Mm:

In response to the cue from Anna, S2 elects to take part in
sensemaking (Line 24), and the correctness of his response is
confirmed by a repeat of S2’s answer by Anna, which shows
her agreement with the assessment (Pomerantz and
Heritage, 2012). This procedure is then repeated for S1 (lines
24-33), whereby S1 elaborates further in Line 34. This state-
ment is followed by an even stronger sign of agreement in
Anna’s precisely in Line 35 (Pomerantz and Heritage, 2012).
In Line 35, Anna then connects this dialogue (which has been
linked to the students’ own words) to the equilibrium

This journal is © The Royal Society of Chemistry 2024

dispreferred disagreement

concept through referring to the equilibrium equation on
the whiteboard (linking to alternative concepts, Th2). In
response, S1 continues to reason in terms of concentration
in Lines 38-40 (connecting observation to theory, in her own
words, Thi), and S2 seems to agree (Line 4). Anna reacts to
this with another delayed response, indicating dispreferred
disagreement (Pomerantz, 1984). In the next excerpt, she
again manages tension by guiding the students toward using
more contextually appropriate concepts after exposing their
reasoning as not sufficient.
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Anna 5, 03:09-03:42

» Kommer ni ihag nirivi tittad pa reaktionshastigheter, hur vare me koncentration i
' Do you remember when we Jooked at reaction rates, what was it with concentration and

va sa vi om koncentrationer ri=
what did we say of concentrations then

View Article Online

Chemistry Education Research and Practice

- oem= 81/ 82: realisation of a
JUEPEL problematic turn | gap in

— knowledge

.- A: Providing acts of inclusion
s (Th3), linking to alternative
aeeT theoretical concepts (Th3)

[<Nej> s- vijsa ju att koncentrationerna- vi tittade ju pa va ar re som <gynnar>

we looked at what is it that favonrs

A: Providing acts of
inclusion (Th3), connecting

——--- an experience of working
with a chemical solution to
theory (Th1)

_______________________ e o e

44 S1: ! Eller? b
Or? P
45 82 1 d#Mm: (1.5) >ere inte att< elleri
isitnotthat  or |
4 gy
47 A
48 reaktionshastigheter
| reaction rates
49  S1: Deejusammahelatiden.
They are the same all the time.
50 S2:  #M[m
51 A | RNeSs Tvilsa ju att koncentrationern:
No s Ewe said that the concentrations-
52 e::h kollisionefr #4 reaktioner
collisions and reactions
53 82 T Mm ™™~ Tja
Mm bhmm yes
54 S1:  =°hmm°=
55 A: [SViunderfséktede! .-
\\Welexamined it. |
56 S2: 1G6)  ju hogre
| the  the higher
57 A:  Juhdgre koncentration desto mer gynnsams
The higher the concentration the more favourable
58 reaktions[hastighe[t.
reaction rate.
59  S2: [ja
yes
60 St [°Pmm°®

In Lines 44-45, S1 and S2 both express what can be
described as vexed responses (using the word ‘Eller’ [Or],
indicating a realisation of a problematic turn in the conversa-
tion; see Lindstrom, 1999) in response to Anna’s hesitation in
Lines 42-43. Hence, they acknowledge a gap in their knowl-
edge, which is necessary for the initiation of sensemaking
(Odden and Russ, 2019a,b). Anna then explicitly introduces
the concept of ‘reaction rate’ in addition to ‘concentration’
(Lines 46-47) to help the students connect the two concepts for
sensemaking, combined with continued use of inclusive pro-
nouns in Lines 47-48, a second show of approval and inclusion
(Bills, 2000) (managing tension, Th3). S1 then connects the
concepts incorrectly (Line 49), which S2 is quick to show he
does not agree with a throaty ‘mm’ in Line 50, likely maintain-
ing his display of competence in the interaction. This is
followed by a direct correction — ‘Nej’ /[NoJ — by Anna in Line
51, whereby Anna directly continues to refer to a previous joint
laboratory experience in a third act of inclusion (the use of the
word ‘vi’ [we], Lines 51-55; Bills, 2000) (managing tension, Th3;

180 | Chem. Educ. Res. Pract., 2024, 25,171-192

koncentration desto mer gynnsamma kollisioner.
the concentration the more favourable collisions.

collisions the higher the
82 Linking to alternative
theoretical concepts (Th2)

connecting experience to theory, Th1). Hence, Anna’s sensemak-
ing prompt can be said to be combined of both a signalling of
her approval (through direct continuation rather than pausing
and indicating disagreement; see Pomerantz and Heritage,
2012) and a referral to the students and her being part of the
same community (Bills, 2000). S1 indicates she still cannot
contribute through a quiet ‘hmm’ (Line 55). Anna then presses
for an answer (Line 55), whereby S2 is obliged to continue
(Gardner, 2012) and again participates in teacher-student
sensemaking (Line 53). S2 continues the sensemaking dialogue
with Anna, leading to the production of a correct contribution
to the sensemaking dialogue (Line 56, confirmed by Anna
in Lines 57-58 through another second assessment
(Pomerantz, 1984). S2 then confirms their agreement on Line
59. However, S1’s quiet ‘mm’ (Line 60) is likely an attempt to
signal to the teacher that she is still not following. In the next
excerpt, however, Anna continues to guide teacher-student
sensemaking involving S2, displaying their sensemaking for
the other students in the group (Macbeth, 2011).

This journal is © The Royal Society of Chemistry 2024
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..+ A: Linking concepts to
e chemical equation (Th2)

Anna 5, 0342-04017
61 A: A é((indicates with hand at the chemical equation on the whiteboard))ii de fallet sa
And T in that case one
62 kan'man ju saga att om du minskar dé e::h tiocyanatjonerna som ni konstaterar for
can t{;eﬂ s.a_y that if yon lesser'z tb(,jn N t/.vei tbzogmfate tons that you ascertain because _ s Cinmaiian
63 att ni ((picks away something invisible from instruction)) tar bort dom [ ur= L asperience of
you take them away  from i working with a
64 s2: ! [a \ chemical solution to
; i theory (Th1)
' Yes ' :
65 : '
66 A:
67 _g(_)-_ ?)_ ____________ A: Linking concepts to
68 S2:  :Saktasned. ! chemical equation (Th2)
'Be slowed down. | S1: Linking concepts to
69  A:  Ja At ((indicating from left to right on the chemical equation on the board)) alltsa chemical equation (Th2)
(implicitly connecting
Yes. To then reaction rate with
70 at e::h hoger.= chemical equation)
10 ehm the right.

In Lines 61-65, in response to S2’s participation, Anna
connects the previously established concepts with the new
concept of chemical equilibrium (through a second referral to
the whiteboard, Line 61) (linking to alternative concepts, Th2), as
well as back to the original statement from the students
regarding the solution (a connection to their laboratory experi-
ence, Lines 62-64; connecting experience to theory, Th1). She then
proceeds to connect the reaction rate to chemical equilibrium

Anna 5, 04:01-04:17

(represented by the chemical equation) in Lines 65-66 (linking to
alternative concepts, Th2). In turn, S2 continues to participate in
sensemaking in Line 66 (noting the reaction rate will slow
down), whereby Anna confirms and completes S2’s sentence,
reformulating it in Lines 69-70 (‘Ja ... at e::h hoger’ [Yes ... to
ehm the right]). It is reasonable to say that, in this way, S2’s
statement is presented as competent. However, we notice a shift
in the dialogue in the next part of the sequence.

71 S2: | =Ja 4 d4 ere (vart) lika. [ Ja (de 4r) ' ____________________________________________ SO Lot
i Yes and then it is the same. Yes they are: elaboration
72 A |7 [Adhereju helt plotsligt ((indicating from right to left |
And then it is all of a sudden - A 1: Giving a )
! . . . . direct explanation
73 on the chemical equation on the board)) den andra reaktionen som e kvar i sina (Th3)
: the other reaction that is left in its :
74 ! [eh i
ehm
75 $2: | [azh §
' ab :
Tt ik s i 5 O DTG5
77 A: 1 Ar du#m:e= i from conversation
Are you with me
B sz [SheBE Rl i $2: Confiming
; Yes now Lunderstand ™ sondsrstanding
79 A: "—“]a,vllket innebir att o:: da kommer den tillfalligt 4tm[instone .h vara lite=
Yes which means that ob then it will temporarily at least be a little :
80  S2 | fja ;
| ges |
81 A: =snabbare tills dom ((hands, palms down, moving towards each other on a Vcrtical;
Jaster untdl they
82 line and stopping)) saktar in igen. :
slow down again. :
83 S2: :;(okcj ja) ; _____________________________________________________________ 82: Confirming
| okay yes gt understanding

This journal is © The Royal Society of Chemistry 2024
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Having participated successfully in the teacher-student
sensemaking narrative, S2 immediately self-elects to elaborate
(incorrectly) about equal reaction rates (‘da ere lika’ [then it is
the same], Line 71), and Anna possibly realises that she may
have guided the students as far as she can in terms of
sensemaking (according to her interview, she aimed for the
students to ‘“access some of it [the theory] without being given
the answers’’; Anna, Interview 1, Lines 163-164). Likely mana-
ging tension (Th3) through taking over the sensemaking com-
pletely, Anna then explains the progression of reaction rates in
Lines 72-81, including a check that this makes sense to student
S2, which he confirms it does (‘ja nu fattar ja’ [yes now I
understand], line 78). Anna confirms having noted this under-
standing in Line 79 with a yes (‘ja’), before continuing. As Anna
finishes the sensemaking in Lines 79-81, S2 displays under-
standing in Lines 81 and 83 through two more uses of the word
yes (‘ja’), showing both his competence and agreement with
having made sense. However, at this point S1 has disconnected
from the interaction by leaning back and looking away, signal-
ling a third time, and more explicitly, that she is not following
(Line 76). In the next excerpt, we find Anna leading another
brief section of teacher-student sensemaking, finishing her
interaction with S2.

Anna 5, 04:17-04:32

View Article Online

Chemistry Education Research and Practice

Continuing the sensemaking dialogue in response to S2’s
display of understanding, Anna connects back to the observa-
tion of colour change in Lines 84-90 (connecting observation to
theory, Thi). Here, she repeats her initial request for the ‘effekt’
[effect] that initially involved S1, connecting her initial question
about the ‘effekt’ [effect] in Line 10 to the concept of reaction
rate. She also involves the chemical equation of the equilibrium
reaction (indicating to the whiteboard, Lines 88-90) (linking to
alternative concepts, Th2). This action connects the original
question by Anna, which displayed the students’ initial knowl-
edge gap, with the students’ experience of the colour change
and the required theory of chemical equilibrium again, cueing
teacher-student sensemaking. In response to this cue, S2 then
makes sense of the observed colour change using his own
words and gestures towards the chemical equation on the
whiteboard (Lines 91-92). Anna confirms this sensemaking,
indicating her agreement with the word precisely in Line 93
and a reformulation of S2’s statement (Pomerantz, 1984),
Line 94. After having finished the sensemaking dialogue with
S2, Anna finally responds to student S1, whom after her
repeated displays of not following the sensemaking, such as
fiddling with her protective glasses in Line 86, has been quiet,
looking away.

84 A: A va far ru for effekt ((indicating with hand towards chemical equation, then from
And what kind of effect do you get
85 right to left)) om den andra da ir lite snabbare [ om den 4t e-h6-= ‘
““““““““““ if the other one is a little faster ™ iftheoneto  theri- T A: Linking
86 St: | [((fiddles with protective= b concepts to
87  =glasses, lines 82-90)) L/ chemical
88  A: !|=vinster ((indicating with hand to the left across the chemical equation)) ar lite | equation (Th2)
left is a little
89 snabbare 4n den 4t hoger ((indicating with hand to the right across the chemical

Jaster than the one to the right
90 “Vequation)) vad borde hinda med firgen,

Den borde ga tillbaks ((indicating with hand to the left across the chemical

91 S2: |
I¢ should go back
92 equation)) till de som va.
— fowhatitwas
93 A
Precisely, it should of conrse become less
94 equation)) réd.

red.
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!
i

r----A: Connecting an
observational
experience to theory

(Th1)

Precis, den borde ju bli mindre ((indicating with hand to the left across the chemical

82: Connecting an observational
experience to theory (Th1)
(indirectly connecting reaction
rate and colonr change); linking
concepts to chemical equation

(Th2)
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Anna 5, 04:32-04:56

View Article Online

Paper

S1: Indicating

_____________________________________________________________________ e disconnect from
95 S1: ((looks away from conversation towards whiteboard again)) ) conversation
96 B [QQ ____________________________________________________________ A: Using bumonr
97  A: | ((bending forward, smiling to S1)) R (Th3)
98 S1: J :a ling [Tlang Ttorkla- ling forklay: mg,,(b_ 9)~l« tch- mke] ............................. S$1: Displaying

5 Yes long  long explan-  long explanation ,:E o,éa].: reluctance
o2 82 ehdhhehheh T S'1: Pointing out the
100 _(_0_4:) ____________________________________________________________________________________ difficulty of the task
101 A: Vi kommer siga re me enklare ord men nu [just nu vill ] ja ju bara att ni= (Th3)

ch: will say it with simpler words but now right now 1 just want you to

102 S1: | [mm heheh ] :

mm bmm ((langhs))
103 A: =<pratar> kring va va hur kan man resonera sig fram till det pa[ ett] logiskt=

talke about what what how you can reason it ont in a logical “
104  S2: ' [mm] : ’ /1 Pr‘oz,fid/'ﬂjg acts of

' v inclusion (Th3);

: mm b i Pointing out the
105 A: | =resonemang, L difficulty of the task

reasoning, P (Th)
106 S1: Ja

Yes
107  A: A ni e inne pa ritt spar [sd ]ja hjilper er lite pa traven
And you are on the right track so I am helping you a little along the way
108  St: [#a]
yes
109 0.7)
110  S2:  #heh
111 0.5)
12 A '(&ééilli{g',_ o S1)) [[Du fir liksom smilta re. | A: Using bumonr
You bave to kind of digestit.. (Th3)

13 st ([ehehehelheheheheheh
114 S2: [-hhh heh
115  S1:  Okej (0.3) silverjonen ((the teacher goes away, no more sound))

the silver ion

Okay

Anna engages S2 humorously (‘hoh’ in Line 97), possibly in
order to reduce the tension arising from the challenging
situation by confirming the challenge and/or remedying the
threat to the student’s display of competency (Kangasharju
and Nikko, 2009) (managing tension, Th3), which prompts S1
to explain her own lack of competent contribution by referring
to the explanation as ‘lang’ [long] (Line 98), and thereby con-
firming the conversation as challenging (managing tension,
Th3). She then expresses a reluctant okay (‘.tch’ indicating
reluctance; Pomerantz and Heritage, 2012) with regard to the
conversation, which simultaneously produces laughter from
S2 (Line 99), possibly a move to indicate companionship
(Kangasharju and Nikko, 2009). Anna confirms the definition
of the conversation as difficult in Line 101 using an inclusive

This journal is © The Royal Society of Chemistry 2024

pronoun (‘Vi kommer sidga re me enklare ord’ [We will say it
with simpler words]), possibly also indicating approval and
belonging (managing tension, Th3) (Bills, 2000). Anna explains
that the requirement right now for the students is to reason and
talk (Lines 101-105). In this way, the definition of the talk as
unusually challenging is confirmed and the perception of S1 as
competent in the interaction can be said to be restored (Anna
managing tension, Th3). S2 responds by acknowledging Anna’s
definition of the situation and laughing briefly in Line 102,
which is likely an attempt to save face (short laughter in a
problematic situation; see Kangasharju and Nikko, 2009). Anna
concludes the conversation with humour, jokingly saying that
S1 will need to digest it (Line 112), thereby repeating the
humorous diffusion of tension and underlining the challenge
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Cecilia 4, 02:26-02:57

1 S4:  Cecilia? Som forklaring (
Cecilia? As excplanation
2 C: r]a, varfor har du en Skad- varfor okar den ((points to the chemical equation in the
 Yes, why do you have an increased- why does that increase
3 instruction)) nir du tillsitter den ((points again))?

when you add that?

) ska vi utveckla lite mer, skriva formeln och sant?

View Article Online

Chemistry Education Research and Practice

C: Connecting an
experience of working
with a chemical solution
to theory (Th1) using
the lab sheet chemical
equation as a cue

shall we elaborate a bit more, write the formula and such? .

4 (70

5 S4:  : Men alltsd det, det finns mer jarn och krocka med tiocyanatjon s det eh
But like there, there is more iron to collide with thiocyanate ion so it ehm

6 reaktionen at det hallet ((indicating from left to right in terms of the chemical
the reaction in that direction

7 equation)) blir liksom storre.

becomes kind of larger.

of the conversation in a final confirmation of S1’s competency
(managing tension again, Th3).

The above dialogue is an illustrative example of how the
teachers in this study worked to connect student experience
with the necessary known and new concepts to promote class-
room sensemaking, at the same time as they diffused tension
arising from threats to students’ display of competency. This
tension was produced as the teachers needed to probe for
knowledge gaps in order to lead the sensemaking in a produc-
tive direction. All the student-teacher dialogues that contained
sensemaking in the data showed this pattern. Some details
of this pattern are explored in the following sections
and an extended analysis of these excerpts can be found in
Appendix D.

The dual nature of the chemical equation in teacher-student
sensemaking about chemical phenomena

The use of the chemical equation as a connector between
previous experience and theory. Although most experiences
that the teachers referred to in the data were in terms of
observations or work with solutions (either a colour change of
a solution or the addition of one solution to another, or both, as
in the above case), recorded conversations occasionally showed

184 | Chem. Educ. Res. Pract., 2024, 25, 171-192

((S4 looks at the chemical equation on the whiteboard))

S4: Connecting an
experience of working
/" with a chemical solution

to theory (T'h1) using
the whiteboard chemical

equation as a mediator

el

the chemical equation used to be a symbolic representation of
student experience. This can be seen, for instance, in the
following excerpt from a conversation during a lesson held by
the teacher Cecilia, which occurred after student S4 had
finished a series of experiments involving an iron thiocyanate
equilibrium mixture.

As can be seen in Lines 2-3, Cecilia uses the chemical
equation as a reference to student experience when cueing
student sensemaking. S4 then uses the chemical equation to
mediate the connection between theory and experience as part
of making sense of his observations in his own words. Note the
long pause (7 seconds, Line 4) as this is achieved.

The use of the chemical equation as a connector between
observation and theory. Another example of the chemical
equation being used to symbolically connect observation to
theory, in the below excerpt from a dialogue involving the
teacher Erik (a teacher at the International Baccalaureate
Diploma Programme; see Table 1). The students have
initiated the conversation through expressing a confusion
about the species interacting as they have observed a colour
change due to a change in temperature when investigating
a cobalt chloride equilibrium mixture (see lab sheet in
Appendix A).

This journal is © The Royal Society of Chemistry 2024
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Erik 2, 02:53-03:25

View Article Online

Paper

. E: Connecting an

E: =Yeah, so what what kind of reaction did you have " observational experience to

theory (Th1) using the lab
sheet chemical equation as
a cue

+ E: Connecting an
! observational experience
/ totheory (Th1) using the
i lab sheet chemical
/ equation as a cue;
/ Reformulating a student

/! statement (Th3)

- E: Connecting an
aeent observational experience

to theory (Th1) using

_________________________________________ \ the lab sheet chemical

equation as a cue;

1

2 2.5)

3 E: | What happened when you did ((points to instruction)) that reaction? |

4 S6: Changed to one colour and then it changed back ((smiles))

5 S7: .hhhh [((looks up))

6 E: [heh yeaheh

7 S7: .hheh=

8 S6: =I don't know what that means

9 4.0)

10 E: | Look, so ((points to instruction)) here we're saying we're having the forward reaction=
11 S6: =yeah

12 E: [ So you're meaning that it started with that one ((points to instruction)) ‘and ended up
13 there ((points to instruction))= T

14 S6: =yeah=

15 8% SMmbmm e T
16 E: | (But) what happened there ((slides finger from right to left across’the instruction)) ‘
17y

18 S7:: It went back t— -------------------------------------------------- 87: Connecting an

e
t
<l
8

5

In this excerpt, Erik uses the chemical equation to cue a
connection between theory and experience for the students in
Lines 3-4, 10-13, and 16-19. As part of this brief interaction, he
also reformulates the student statement into a more knowl-
edgeable one (Line 12) and provides a hint (Line 16), which in
the end results in S7 taking part in teacher-student sensemak-
ing (Line 18).

As can be observed in these examples, the use of the
chemical equation to achieve a connection between experience
and theory required some thinking on behalf of the students.

Tension management during teacher-student sensemaking
about chemical phenomena

Direct practices of tension management. As previously men-
tioned, tension - as indicated by silences, hesitations and
mitigations (Pomerantz, 1984) - was found in all sensemaking
conversations. Tension was concluded to be a ubiquitous part
of the sensemaking interactions as a natural consequence of
student incorrect or insufficient sensemaking (that is, knowl-
edge gaps) being exposed as part of teacher-student dialogue.
as exemplified in Anna’s conversation with her
students, to sustain sensemaking, the same tension needed
to be diffused through tension management. In Anna’s
dialogue, several ways of managing tension (Theme 3; see
Table 2) were exemplified; that is, linking to alternative theore-
tical concepts for the students to steer the sensemaking and
thereby avoid threats to the students’ display of competency,
giving a direct explanation and thereby taking over the

However,

This journal is © The Royal Society of Chemistry 2024

Providing a hint (Th3)
through indicating the
direction of the reaction

observational experience
to theory (Th1) using
the lab sheet chemical
equation as a mediator

responsibility of sensemaking, providing acts of inclusion by
referring to joint knowledge or joint actions through inclusive
pronouns and thereby indicating approval and belonging to the
scientific community (Bills, 2000), confirming a student’s
response as valid and thereby confirming their competency,
and using humour to dissolve tension by confirming a challenge
and/or remedying a threat (Kangasharju and Nikko, 2009) to
the students’ display of competency. Another way of managing
tension in the data through not exposing the students’ knowl-
edge gaps was by providing a hint to the students, thus avoiding
students being shown not to contribute, as Erik did in the
above conversation when he hinted at the direction of the
reaction by gesturing across the chemical equation.

Although some conversations contained more tension man-
agement from the teacher than others, all conversations con-
tained at least one theory-laden way of managing tension that
arose from student gaps in understanding. This theory-laden
way of managing tension meant that moments of tension
(pauses or other signs of dispreferred disagreement) that
involved a threat to the presented competency of the student
were resolved through either linking alternative concepts to the
students, hints being given, statements being reformulated, or
giving direct explanations. Note that Erik (above) gave an
explanation in Lines 10-13 as a response to the student
expressing her ignorance in Line 8. This action mirrors the
pattern of explanation-giving in the data. Explanations were
given either when students asked questions, expressed their
ignorance, or could not follow further in the sensemaking
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dialogue (as shown in the interaction between Anna, S1 and S2,
Lines 72-83). It would seem from the data that students
professing their incompetence and thereby threatening their
own display of competency in the interaction led to the teacher
directly assuming the role of sensemaker temporarily, possibly

Lars 2, 16:50-17:15

View Article Online

Chemistry Education Research and Practice

has asked a question about how the equilibrium constant, K,
relates to shift in position of equilibrium. After a failed attempt
at teacher-student sensemaking, Lars has first said that they
(using the pronoun ‘we’) will need to think it over and then left
for a few minutes before returning.

1 S10:  Okar reaktionen. Ja och om K 6kar si skjuts det 4t héger. ((faces chemical equation
The reaction increases. Yes and if K increases then it shifts to the right.
2 on the whiteboard, hand indicates to the right)= . L: Indicating a
'3 L. ¢ =Mm° e T dispreferred response,
1.2) ----------------------- im'if{’f.z:g student to
5 S10: (Okarder i) ap
Deoes it increase to L: Fast responses:
6 L IN ¢ j (looks at chemical equation on the whitcboard)) T /Mg and
| No | - :
7 S10:  >gir re inte at<yinster om K §[kar ((ndicates to the left)
Doesn’t it go to the left if K z'nmajgg.g _____ ________________________________________ /,:'l_ ........ L: Connecting
8 L: | ['Mm*, den blir ju mer ofirgad hhh=! e 7;'_‘”/'0””/
____________________________________ Moo it bcomes mor sranparene | G
9 §10: | =>Varfor det< (nir) man skjuter it vdns- ju hégre K dr, desto mer tfea- |
Why is that ~ when one shifts to the lef-  the higher K is, the more rea-i .
10 L. T TiMen? T 0
____________________________________________________________________________ 4 But Expressing a
11 | fragan e, frigan e 4ndrar du K vad du gér ir ju att du dndrar A knowledge gap
the question is, the question is do you change K what you do is that you change k
12 koncentrationskvoten.
| the reaction quotient. | ~ = Ll
18 <0. 9) j/f(o’/,:j/:lzlzj concept
14 S10:  Aa: (Th3)
Ah
15 Ll: Mm
Mm bmm

to steer attention away from the threat to the students’ self,
and, to model sensemaking for the student (which would be a
reasonable move, as less proficient students benefit from tea-
cher modelling; see Kalyuga et al., 2003). This action is clearly
illustrated in Erik’s conversation above, where he (1) presents
the students as competent through a reformulation of their
initial sensemaking attempt (reformulating a student statement;
Lines 12-13), and (2) helps the students participate in teacher—
student sensemaking through providing a hint (Line 16).

The management of tension during corrections. Overt cor-
rections clearly exposing student errors occurred quickly and
corrected assumptions that were not fruitful for driving the
students’ reasoning forward. An example of a corrective inci-
dent involving the teacher Lars is shown above. We are entering
a conversation where S10, after having finished a series of
experiments involving an iron thiocyanate equilibrium mixture,

186 | Chem. Educ. Res. Pract., 2024, 25,171-192

In the above excerpt, Lars can be seen to first invite S11 to modify
his statement in Lines 3-4. He then corrects S11 in Line 6, as part of
a sequence of fast responses in Lines 6, 8, and 10. Generally,
confirming and accepting assessments of the other’s statements
are shown through turns of talk with no delay (Pomerantz and
Heritage, 2012), which can be clearly seen in this sequence.
Therefore, it is reasonable to assume that, after being forced to
directly correct his student, Lars minimised further negative
assessments of the student’s knowledge gap in the interaction.
We can also see that the interaction led to S11 overtly expressing
a knowledge gap in Line 9, which meant that Lars could
effectively manage the tension produced by offering an alter-
native concept for sensemaking in Lines 11-12.

All but one of correction incidents in the data were followed
by a tension diffusion act by the teacher that in some way
supported the students being displayed as competent in the

This journal is © The Royal Society of Chemistry 2024
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interaction. An excerpt from this one exception is shown below.
Where we enter the conversation below, the student (S11), in response
to an initiating question by the teacher, tried for some time to guess
why the colour of the solution changed when he added iron(m) ions to
the equilibrium mixture of iron thiocyanate. The teacher, Cecilia,
hinted at the chemical equation for this reaction written on the board
during the conversation but S11 has not yet utilised this resource for
reasoning. In the excerpt below, S11 has moved on to attempt to
make sense of Experiment 4, which involves the precipitation of
silver thiocyanate in order to shift the position of equilibrium.

Cecilia 3, 30:34-31:12

View Article Online

Paper

There is no tension management noted in this conversation,
as Cecilia does not act to uphold the student’s presentation as
competent in response to his attempted sensemaking (however,
a minimising of pauses can be seen in the overlapping speech
in Lines 3-4 and 12-13, which indicates that, just like Lars,
Cecilia acts to minimise the negative impact of her corrections;
Pomerantz and Heritage, 2012). Rather, Cecilia asks the student
what the instruction says (Lines 15-16), which he admits not
having read (Line 17). In response to this, Cecilia confirms
having noted that this is the case (Line 18), and then clarifies

1 Sit: ((looks at whiteboard)) |Ja |vete |fan, men sen fyran iallafall . $11: Connecting
Yeah hell if 1 know, but then four anyways : i observational
2 G ah= L exiperience to theory
A v (incorrectly) (Th1)
3 Sit: =da ser man klart 4 tydligt att det bildas e- silver, silver[fillning
then you see clearly and plainly that it forms  silver, a silver precipitate
4 C [Stilverfillning bildas det val!
Surely a silver precipitate is not
5 ' rinte [((shakes microplate))
formed
6 S =Si[ Jo
7 C: Detblir vil inte metall? ((hands over microplate)) | .- i
| Surely it doesn’t become a metal?
BN =
S11: | Det ser man ju. Eller- okej, det blir en ((looks towards ceiling)) heterogen ((looks at ! observational
You can see it. Or- okay, it becomes a heterogenous I f*?"’”‘”{” Yo
10 Cecilia)) ’ [(/]Ie/i?)’ (incorrectly)
11 C: i ((sniffs)) "Mm® !
12 S11: | i som syns [klart och tydligt
t/Jat is visible plain and clear :
3 c [mm  ja, precis det bildas en fillning och vad bestir fillningen peet’
_yes, precisely a precipitate is formed and what does the precipitate consist of?
4 St B L0)3hd foosdown) | »
____________ i A N Admitting gap
15 C: | Vad stir det i pappret. ((looks over to their lab sheet, on a bench opposite the fume ! in knowledge
: What does it say in the sheet. -
16 é hood)) i - ( Reminding
17 S11: Jag har inte list pappret. ((S11 walks over to bench, $12 and Cecilia follow)) A
I haven’t read the sheet.
18 C Tch-°Nej°
No
19 0) (Slipicksuplabsheed) G Ramindi
20 C: ! Detir judet jag vill att ni férklarar, ni ska beskriva och forklara varfor saker sker. 7 S11 of the
; This is what I want you to explain, you should describe and explain why things happen. expected actions
21 S11: _hhh Ah oj, va st- har star ju alling 7 i

Ab ook, what does- this says it all

This journal is © The Royal Society of Chemistry 2024
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her expectations for what type of explanation she expects as an
enactment of the context of the practical lesson (‘Det dr ju de
jag vill att ni forklarar’ [This is what I want you to explain], Line
20). This is in line with sensemaking needing to proceed within
a predefined context (Weick, 1995), in this case framed by the
information given in the instruction. Executing a chemistry
practical lesson without reading the instructions could be
regarded as breaking the rules of engagement, or the frame
within which sensemaking could take place (Persson, 2018;
Odden and Russ, 2019a). According to Weick (1995, p. 51), the
frame, or the structure of the context within which sensemak-
ing takes place is vital for how sensemaking proceeds as the
context provides the cues from which sensemaking can arise.
Hence, mildly chastising the student and thereby displaying his
actions as less competent could be regarded as a corrective
action to re-establish the social order (Persson, 2018, p. 71) and
the context for sensemaking (Weick, 1995). With the context
under threat, the creation of tension by the teacher would be
required to enforce correction and the reestablishment of an
environment supportive of sensemaking.

In conclusion, in their sensemaking dialogues all teachers
had to manage (a) the tension arising from threats to student’s
display of competence within the interaction (identified through
indicators of dispreferred conversational disagreements with
regard to sensemaking; Pomerantz, 1984; Pomerantz and Heritage,
2012; Schegloff, 2007), which was produced by pointing out gaps
in student reasoning (or directly contradicting them on some
occasions); and (b) the need to create that same tension in order
to cue dialogical sensemaking based on the student’s current
knowledge exposed through the knowledge gap being displayed.
At the same time, the teachers used necessary aspects of sense-
making - that is, integrating knowledge (connecting concepts) and
connecting theory with experience (Odden and Russ, 2019a) - in
combination with face-saving actions to resolve the tension they
had created in order for sensemaking to take place. Finally,
sensemaking in the data was shown to only occur within a
contextual frame of interaction that was pre-defined by the
teacher.

Limitations

As this was a qualitative study, the principles underlying
sensemaking outlined in the data cannot be proposed to be a
general principle for all contexts and occasions. Although the
data were collected in authentic and varied classroom contexts,
the data sample was comparatively small, which meant that any
claims on generalisation were limited. Also, as the data were
collected using an emergent, inductive approach, the frame-
work and purpose of the study emerged during the coding
process, and the teachers could not verify their sensemaking
intentions during data collection.

Another limitation of the study was that the video data did
not always cover all the gestures from the participants in the
conversations. Hence, the importance of gestures, such as in
providing cues for sensemaking about dynamic processes
(Danielsson, 2016), could not be fully evaluated based on the
collected data, although they were transcribed when available.
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A third limitation of the study is that although purposive
sampling was utilised to maximise variation in the students
taking part in the study, all of the teachers were Swedish and
the study took place at Swedish schools. The Swedish school
system has a long tradition of egalitarianism (Tomasson, 1965).
This is shown, for instance, through the schools’ promotion of
social responsibility and democratic values, through the teachers’
non-confrontational teaching approaches, by teachers and stu-
dents wearing informal clothing, and by teachers and students
addressing each other by their first names (Gerdin et al., 2019).
This egalitarian tradition could create sensemaking opportu-
nities between teachers and students that may not be given at
schools in other countries. Therefore, it is possible that teachers
of other cultures utilise different actions that are more adapted to
their local contexts and student populations.

Discussion and conclusions

Teachers’ actions supporting sensemaking in the chemistry
classroom

In this study, sensemaking dialogues between four experienced
teachers and their students were studied using conversation
analysis. This type of in-depth study of teacher-student sense-
making conversations is novel to the research literature. All of
the dialogues, which were inductively coded, contained conver-
sational actions by teachers that promoted sustained sensemak-
ing. These actions involved connecting experience to theory (for
instance, cueing a student to connect the colour change of an
equilibrium mixture to the concept of concentration), linking to
alternative theoretical concepts (for instance, asking the student
to reason in terms of reaction rates instead of concentration
change) and managing tension (for instance, pointing out the
difficulty of a task) in situations where students’ knowledge
gaps were exposed. Hence, the data confirm the importance of
including connections to theory, lived experience and the
student’s own words in sensemaking (Odden and Russ, 2019a).
In addition, the dialogues showed insights into how the tea-
chers managed the process of sensemaking about chemical
phenomena through building on the students’ own expressions,
guiding students back and forth between theory and experi-
ences of phenomena or practice, and using both learnt and new
concepts to the students as options to sustain sensemaking. As
chemistry students often have difficulty navigating the observa-
tional and particulate knowledge domains of chemistry (Gabel
et al., 1987; Ben-Zvi et al., 1988; Andersson, 1990; Treagust et al.,
2003; Johnstone, 2006; Talanquer, 2008; Haigh et al., 2012; Stieff
et al., 2013; Hernandez et al., 2014; Becker et al., 2015), these
examples of experienced teacher practice contribute to the
research by showing how the connection between chemistry
knowledge domains can be achieved through teacher-student
interaction. As students making connections between these
domains can be largely dependent on student previous knowl-
edge and classroom context, it has been suggested that more
studies are needed to explore how this can be achieved through
teacher-student interaction (Xu, 2022). Although previous

This journal is © The Royal Society of Chemistry 2024
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research has pointed out the importance of questioning, shift-
ing focus and elaborating on student contributions to chemistry
classroom dialogues (Warfa et al., 2014; Becker et al, 2015;
Towns et al., 2019), the data from this study add to this research
by showing how these aspects of sensemaking can be used on a
moment-to-moment basis to help students make sense of
chemical phenomena.

Some dialogues in the data showed how the teacher used the
chemical equation as a bridging concept to help students make
sense of phenomena. The bridging role of symbols and
icons has been proposed to be a versatile tool for building
explanations using the language of chemistry (Grosholtz and
Hoffmann, 2000; Taber, 2013). In instances where the chemical
equation was used in this way, it mediated the connection
between student observations and explanations of phenomena,
leading to the progression of sensemaking. Thereby, it could be
proposed that the chemical equation worked as a mediator for
conceptual blending, where two of the students’ separate
knowledge domains were merged to promote new ways of
thinking about a phenomenon (Fauconnier and Turner, 2002;
Odden, 2021). Based on the data, it is possible that the use of
the chemical equation in teacher-student conversations could
have a special role in mediating the progression of chemistry
sensemaking. However, while the symbols of chemistry carry
great symbolic utility for chemists, they can be confusing or
overwhelming for learners and impede communication
(Taber, 2013; Liu and Taber, 2016). Thus, the chemical equation
could potentially both be a hindrance and a support in terms of
teacher-student sensemaking about chemical phenomena.

The sensemaking dialogues in the data also depended on
the contextual framing provided by the teacher. From the
perspective of frames and framing (Goffman, 1974; Persson,
2018), conversational resources such as the chemical equation
can be seen as a guide for the consensus of what is to be talked
about, and how. In terms of sensemaking, the chemical equa-
tion can also be viewed as a cue that guides sensemaking down
a preferred path (Weick, 1995). Hence, norms established by
teachers to support classroom sensemaking can be both based
on subject-based criteria on how to reason (Becker et al., 2013),
and context, as was shown explicitly in Cecilia’s conversation,
where a lack of framing lead to the breakdown of sensemaking.

Tension management provided by teachers during teacher-
student chemistry sensemaking

The study also described how sensemaking dialogues in chem-
istry can involve a delicate balance between sensemaking and
tension. Tension that arose in situations where teachers
appeared reluctant to openly present students as less compe-
tent occurred in all dialogues and was a ubiquitous aspect of
sensemaking within the contexts that were studied. Anna’s
conversation with S1 is a clear example of student disengage-
ment from the dialogue and teacher management of tension
through restoring the student’s presentation as competent. The
results underline the importance of considering the emotional
aspects of sensemaking within social contexts, as outlined by
Weick (1995), who pointed out the role of identity construction
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in sensemaking. The possible role of classroom tension as an
aspect of sensemaking in the science classroom has been
previously proposed by Odden and Russ (2019b), who discov-
ered the important role of vexing questions in sustaining
sensemaking in student-student conversations. The data con-
firm previous studies showing that teacher-student dialogues
are sensitive to threats to the display of student competence in
the interaction (Oliveira, 2010; Criswell, 2012). Based on the
ubiquitous presence of tension management in the sensemak-
ing conversations guided by the experienced chemistry teachers
in the present study, the results indicate that managing tension
in teacher-student sensemaking is important when teaching
chemistry. Students who feel competent in communicating
using the language of chemistry also feel competent in their
academic competence in the subject (Rischenpohler and
Markic, 2020), which could explain the teachers’ actions. As
frustration can lead to disengagement from the task at hand
(D'Mello and Graesser, 2012) and lead to feelings of low self-
efficacy and poor performance (Bandura, 1989), it would seem
natural for experienced chemistry teachers to put value on
supporting students’ sense of competency while helping them
make sense of phenomena. Positive support for student aca-
demic self-concepts has been shown to influence both student
engagement (Raufelder et al., 2015) and impact their long-term
achievement (Wu et al., 2021). Resolving tension in interaction
can also help students manage emotions that unchecked could
lead to a narrowing of perception and a reluctance to engage
with new material (Weick, 1995). The results from the present
study support Weick’s (1995) proposition that sensemaking
involves an aspect of identity construction, and suggest that
the chemistry teachers in the present study not only supported
theoretical sensemaking during their lessons, but also the
students’ academic self-concept in the subject of chemistry.

Implications

Research studies on sensemaking are fairly new to chemistry
education (Hunter et al., 2021). Therefore, recommendations
for researchers that suggest how to best examine sensemaking
in chemistry classrooms are important for the progression of
the research field. It has been recommended (Hunter et al.,
2021) that sensemaking studies in chemistry should include
data collection on references in classroom conversations to
real-world contexts, as well as tracking the building of explana-
tions. Extrapolating on the data from the present study, and
using the wider definition of sensemaking by Weick (1995), it is
suggested that studies on sensemaking in chemistry in addi-
tion to this should include the collection of data such as
student emotion, student self-perception in terms of their aca-
demic and/or language competency in the subject of chemistry,
and dialogical tension as added explanations to why classroom
sensemaking succeeds or does not succeed. As a person’s emo-
tional state can affect their perception during sensemaking
(Weick, 1995), studies focusing on students’ emotional experi-
ence in relation to teacher-student sensemaking is a possible
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avenue for further research on sensemaking in the chemistry
classroom context.

The study presented in this paper has also given a detailed
insight into how four experienced teachers used the inherent
components of sensemaking interweaved with tension diffusion
practices in order to sustain sensemaking dialogues in the
chemistry classroom. These examples of successful practice could
be useful to both teachers and teacher educators as a model for
reflection about how to improve sensemaking in chemistry class-
rooms. In the present study, this was achieved through managing
sustained theoretical sensemaking while displaying students as
competent contributors. Probing student knowledge, connecting
phenomena and theory, suggesting alternative concepts, careful
use of the chemical equation, and supporting the display of
students as competent through for instance reformulating stu-
dent answers and changing the use of pronouns, are all simple
conversational actions that could potentially bring great benefit
in classroom sensemaking interactions.
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