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Abstract

During the COVID-19 pandemic, the Gothenburg Natural History Museum responded
to the constraints of physical distancing by transforming into a virtual learning
environment. Through live-streamed lessons offered to school classes, the museum
created new opportunities for remote engagement. A study based on five such sessions
investigated how spatial separation influenced communication and learning, with a
particular focus on the interplay between verbal and non-verbal interactions among the

museum educator, the schoolteacher, and the pupils.

Empirical data were collected through post-lesson surveys administered to both pupils
and schoolteachers and were complemented by detailed analyses of screen recordings
from the live-streamed sessions. These recordings were examined to identify patterns
of verbal interaction among the three key participants. In addition, non-verbal aspects
— such as gestures, the use of objects, and spatial orientation — were closely analysed to

gain deeper insight into the dynamics of communication and learning in a virtual setting,.

The findings underscore the crucial role of the schoolteacher in promoting pupil
participation. Acting as a communicative intermediary, the schoolteacher helped bridge
the gap between the museum educator and the pupils, facilitating engagement even in

the absence of direct interaction. Furthermore, indirect forms of verbal communication



— such as acknowledging emotions and validating pupils’ ideas — were found to influence

pupils’ attention, interpretation, and overall involvement.

Overall, the study sheds light on understanding of how virtual learning environments
can both enable and limit interaction. It emphasises the need to consider not only the
technological affordances of remote education but also the relational dynamics that
shape communication and engagement — particularly in multi-actor contexts such as

collaborations between museums and schools.

Background and theoretical framework

Museums are widely regarded as ‘popular, respected, and well-loved’ institutions that
support consistent and alternative forms of learning through engagement with museum
objects (Falk, 2000). The practice of teaching and learning with artefacts and objects in
museums dates to the very origins of museums themselves (Hein, 20006). In the 1960s
and 1970s, museums in Sweden began to formalise their pedagogical activities and,
officially entrusted with contributing to societal development through their subject
areas’ knowledge, cultural experiences, and opinion-building. Museums continue to
serve as extended educators by aligning lesson content and activities with school
curricular goals (Thogersen et al., 2018). According to a survey by the Swedish National
Heritage Board, more than half of Swedish schoolteachers in sparsely populated areas
cited long distances or other inconvenient circumstances as reasons for not visiting
museums (raa.se, 2020). In response to these challenges—including logistical, economic,
or emergencies such as the recent Covid-19 pandemic—online lessons have emerged as
a valuable tool, enabling continued access to museum-based teaching and learning. Live-
streamed lessons were introduced into museum activities at the onset of the COVID-
19 pandemic and have been a regular feature of the Gothenburg Natural History
Museum’s educational offerings since 2021. Education at museums can enhance science
learning within formal education (Dierking, 2015). Historically, the instructional style
used in museum education has mirrored the traditions of formal schooling, replicating

the teacher-led approach typical of formal education (Falk, 2000). While there has been



a shift from authoritative knowledge delivery toward more digital and participatory
learning at museums (Falk, 2000), lessons offered for schools often tend to follow a
traditional teacher-led instruction form.

Research into verbal interaction in classroom settings began in the 1950s and 1960s,
spearheaded by educational researcher Ned A. Flanders at the University of Minnesota.
Flanders developed a systematic observation tool known as the Flanders Interaction
Analysis Categories (FIAC), which enables structured analysis of verbal exchanges
between teachers and pupils. This tool has since been widely used to investigate how
teachers’ verbal styles and classroom interaction patterns contribute to learning and
classroom dynamics (Amidon, 1968; Davenport & Pender, 1980; Flanders, 1968, 1970;
Guo et al.,, 2025; Toyama & Yamazaki, 2021).

The FIAC system is grounded in a deductive framework comprising ten predefined
categories that capture observable verbal behaviour in the classroom. These categories
are designed to reflect both indirect and direct influences of teacher talk on pupil
responses. Indirect categories include accepting feelings, praising or encouraging, and
building on pupils’ ideas, while direct categories involve lecturing, giving directions, and
criticising or justifying authority. The teacher’s asking questions is a neutral category. In
addition to teacher talk, the system also accounts for pupil responses and initiations, as
well as moments of silence or confusion (Flanders, 1970; Hopkins & Moore, 1995;
Westgate & Hughes, 1997)

By quantifying and categorising classroom discourse, FIAC provides valuable
insights into the relational and instructional dynamics of teaching. It remains a
foundational tool in educational research, particularly in studies aiming to understand
how communication styles shape student engagement and learning outcomes.

Early research into classroom communication revealed that teacher talk typically
dominates the learning environment, occupying more than 80% of the lesson time and
leaving limited space for pupils to ask questions or articulate their own ideas (Amidon,
1966; Flanders, 1970). Furthermore, approximately two-thirds of this teacher’s talk
consists of direct communication, such as lecturing or giving instructions (Flanders,
1970). These findings have been reaffirmed by more recent studies, which continue to

highlight the predominance of direct teacher talk in classroom settings (Hasan &



Sudewi, 2022; Sahlberg, 2010). Furst and Amidon (1965) emphasised the importance of
the quality of teacher talk over its quantity, critiquing the limited opportunities atforded
to pupils for expressing their thoughts and opinions. Subsequent research found that
effective teachers tend to employ more indirect forms of communication, including
accepting pupils’ feelings, offering praise, incorporating pupils’ ideas, and posing open-
ended questions (Amidon & Blumberg, 1963; Amidon, 1966). This indirect style of
teaching has been linked to problem-based learning (PBL) approaches, which promote
collaborative learning and deeper engagement (Dolmans et al., 2005).

To explore higher-order thinking in classroom discourse, Easel and Mood (1972)
developed an eighteen-category matrix to analyse teacher-pupil interactions. Their
findings indicated that a lack of indirect teacher talk was associated with lower levels of
pupil thinking. Building on this, modified versions of interaction analysis have been
applied in other educational contexts, such as medical education, to improve teaching
practices (Lyon et al., 2014).

In contrast to these traditional classroom studies, the live-streamed museum lessons
examined in the present paper introduce a three-part instructional configuration
involving a museum educator, a schoolteacher, and a group of pupils. This triadic
structure offers a unique context for analysing interaction, particularly in a virtual setting
where spatial separation and mediated communication reshape the dynamics of teaching
and learning.

This study incorporates an analysis of non-verbal forms of communication — such as
gestures, spatial positioning, and object use — used on the premise that these expressive
modalities support cognitive processes and contribute to the construction of thought
(McNeill, 1992, p. 245). In spoken interaction, gestures are defined as “the movements
of the arms and hands that we see when people talk” and recognised as integral
components of language. Beyond gestures, non-verbal communication in educational
contexts includes spatial arrangements, embodied actions, and the use of physical
objects, all of which play a vital role in meaning-making. These multimodal elements are
essential for fostering pupil engagement and facilitating the construction of knowledge
(Insulander, 2021; Kress, 2009; Selander, 2021). Understanding these forms of

expression is crucial for analysing how students interact with learning environments —



both physical and digital — and how they interpret and internalise educational
experiences.

Previous research on virtual lessons has largely concentrated on technical challenges and
the evolving role of teachers in synchronous online education (Wilson & Williams,
2021). A study conducted at two Romanian universities revealed that many educators
lacked sufficient technical proficiency and were compelled to adapt their teaching styles
to suit the demands of the online environment (Coman et al., 2020). In Sweden, a large-
scale study involving 2,438 teachers found that communication in virtual classrooms
often functioned poorly, highlighting significant barriers to effective interaction
(Willermark & Islind, 2022).

Teacher style emerged as a critical factor in sustaining pupil motivation, particularly
during extended periods of online learning when social interaction was limited (Mese &
Sevilen, 2021). Research also shows that purposeful content and contextual relevance
can significantly enhance motivation in virtual settings (Woelk & Whitefield, 2020).
Moreover, modality-rich online courses—those that incorporate multiple forms of
media and interaction—have been shown to outperform single-mode formats by
improving perceived learning outcomes and enhancing teacher credibility (Limperos et
al., 2015).

This study adopts the ecological approach to visual perception as articulated by
Gibson (1979), which offers a foundational lens for understanding communication as
situated within the broader realm of social significance. Central to this perspective is the
concept of affordances—the actionable possibilities that the environment offers to an
organism (Gibson, 1979, p. 127). Affordances are not merely physical features but
relational properties that emerge through the reciprocal interaction between an
organism and its environment, where perceptual information is continuously exchanged.

In this framework, communication is understood as the exchange of acoustic and
visual information between sender and receiver, always situated within a specific
environmental context. Applied to the context of live-streamed lessons, this reciprocity
is mediated by the digital screen, which shapes the audiovisual conditions through which

participants perceive affordances. These affordances—embedded in both verbal and



non-verbal aspects of interaction—include opportunities for engagement,
interpretation, and learning.

By emphasising the situated nature of perception and interaction, the ecological
perspective highlights how the virtual classroom environment actively shapes
communicative possibilities. It focuses on how pupils and educators navigate
constraints and opportunities within digitally mediated spaces, and how these dynamics

influence the construction of meaning and educational experience.

Research aim and questions

The primary aim of this study is to explore how participants perceive the affordances
that support learnable actions within the context of a live-streamed museum lesson.
Drawing on Gibson’s (1979) ecological approach to visual perception, this study
explores how digitally mediated environments afford and constrain opportunities for
interaction and learning. Special attention is given to the multimodal nature of
communication through verbal and non-verbal forms such as gestures, spatial
positioning, and object use, which contribute to meaning making and engagement.
The study specifically investigates key aspects of interactional communication in five
live-streamed lessons conducted at a natural history museum, guided by the following

research questions:

1. How do participants perceive a live-streamed museum lesson?
What do pupils report having learned, and how do they interpret the
experience?

2. What happened during the lessons?
How do verbal and non-verbal interactions shape the structure of the lesson

and influence its learning outcomes?

Methods

This study adopted a mixed-methods approach based on Plowright’s (2011)



Framework for Integrated Methodology (FralM). By incorporating both numerical
and narrative data, the methodology seeks to provide a comprehensive
understanding of the central research question. FraIM supports the triangulation of
diverse data sources (Denzin & Lincoln, 2011), thereby strengthening the validity

and enriching the depth of the findings.

Data collection

Data collection was conducted between January and March 2021. Schoolteachers who
had booked a live-streamed lesson at the Gothenburg Museum of Natural History
received an information letter from the researcher (Supplementary 3), accompanied by
a message from the museum educator regarding participation (Supplementary 4).
Schoolteachers who had signed up for the lesson Wild Animals in Sweden got an
information letter (Supplementary 5), and the schoolteachers who had signed up for the
lesson A Giraffe, an Elephant and a Rhino (Supplementary 6). Three schoolteachers,
responsible for a total of 89 pupils across five classes, took part in five separate live-
streamed museum lessons. Of these, three classes attended the lesson titled Wild Animals
in Sweden, while two participated in A Giraffe, an Elephant and a Rhino. A team of three
museum educators designed the lessons, with one serving as the liaison between the
researchers and participating schoolteachers and delivering all five live-streamed

sessions.

Before implementing the new lesson format, the museum educator conducted two pilot
sessions using Microsoft Teams with a voluntary school class. The first session focused
on verifying the technical functionality of the digital link, while the second simulated a
realistic live-streamed lesson environment (Supplementary 1). This second test also
served as a pilot for the researcher to evaluate practical aspects of the study design,
including the logistics of distributing and collecting questionnaires between participating

schools and the university department (Supplementary 2).

Following each live-streamed lesson, two questionnaires were distributed to the

participating schoolteachers: one for pupils (Supplementary 7) and one for



schoolteachers (Supplementary 8). The first section of both questionnaires assessed the
audiovisual conditions of the lesson using a Likert scale (Likert, 1932), with identical
items for both groups. The pupil questionnaire also included three binary (‘Yes’ or ‘No’)
questions and five open-ended questions. The schoolteacher questionnaire contained
four open-ended questions that addressed perceptions of pupil behaviour, the
integration of the lesson into broader instructional contexts, and how information about

the live-streamed sessions had been received.

The second section of the pupil questionnaire was designed to capture the lesson
experience from both the pupils’ and schoolteachers’ perspectives. To ensure responses
reflected immediate impressions, teachers administered the questionnaires directly after
the lesson. Each class was allocated approximately 15 minutes for completion. The
format was tailored to accommodate limited response time and the writing abilities of
younger pupils, with pen-and-paper responses and optional writing assistance provided
in the two third-grade classes. In addition to the survey data, screen recordings of the
live-streamed lessons were transcribed verbatim and analysed to examine the museum

educator’s use of non-verbal communication and pupils’ gestural responses.

Descriptive statistics, including mode, median, and frequency distributions, were
calculated using IBM SPSS Statistics (version 29.0.2.0) to compare participants’
perceptions of the audiovisual conditions and their reported sense of activity during the
live-streamed lessons. Responses to binary (‘Yes’ or ‘No’) questions regarding the
opportunity to ask questions were analysed using percentage comparisons, providing

insights into levels of pupil engagement and interaction.

In addition to the quantitative data, qualitative input was gathered from the team of
three museum educators. After about six months of experience with live-streamed
lessons, they responded to a set of written questions via email (Supplementary 9),
offering reflective insights into their pedagogical practices, observations of pupil

engagement, and the evolving dynamics of teaching in a virtual format.



Thematic analysis

Using both closed and open-ended questionnaires, pupils and their schoolteachers were
invited to reflect on their overall experience, compare the live-streamed lesson with
previous on-site museum visits, and contrast it with traditional classroom instruction.
The collected data—including questionnaire responses and transcriptions of recorded
material—were analysed thematically, following the framework outlined by Boyatzis

(1998).

Each theme was constructed to interpret observed phenomena and included a clear
label, a definition of the theme’s focus, criteria for identifying its occurrence,
qualifications or exclusions for its identification, and illustrative examples—both
positive and negative. To ensure interrater reliability, the analysis adhered closely to the
raw data, maintaining fidelity to participants’ expressions and minimising interpretive

bias (Boyatzis, 1998, p. 31).

Expansion of FIAC: Modified Flanders Interaction Analysis Categories
(MFIAC)

To accommodate the dual-teacher configuration of the live-streamed lessons, the study
expanded Flanders’ original ten interaction categories by developing the Modified
Flanders Interaction Analysis Categories (MFIAC), as presented in Table 1. This revised
framework comprises 17 categories, including six additional ones that capture the
schoolteacher’s verbal contributions and one that represents the museum educator’s
indirect communication with the schoolteacher. Pupil talk was classified into two
distinct types: fact-based responses and initiative-driven contributions, allowing for a

more nuanced analysis of pupil engagement.

The encoding process followed the methodology outlined by Flanders (1970) and was

applied to screen recordings of the live-streamed sessions involving the museum



educator, schoolteacher, and pupils. Interaction analysis encompassed both verbal and
non-verbal communication, based on systematic observations recorded every three
seconds using a predefined category scheme. These observations were paired
sequentially to form a matrix of interdependent interactions, as illustrated in Figure 1.
Each utterance was assigned a category code, with the first number in each pair
representing the row and the second the column in the matrix. This method enabled the
tracing of interaction sequences throughout the lesson, revealing patterns in

communication and instructional dynamics.

Table 1.

The Modified Flanders Interaction Analysis Categories (MELAC) builds upon Flanders’ original FLAC system
by incorporating additional interaction types relevant to the dual teacher setting of the study. Specifically, the
Sframework expands to include interactions between the musenm educator and the schoolteacher, as well as between
the schoolteacher and the pupils. This excpansion introduces seven new categories—namely, categories 5, 11, 12, 13,

14, 15, and 16—allowing for a more comprebensive and nuanced analysis of verbal contributions and instructional
dynamics within the live-streamed lesson contexct.

1. Accepts feeling
Response (indirect) 2. Praises and encourages
3. Accepts or uses pupils’ ideas
4. Asks questions
Museum teacher talk Response (indirect) 5. Accepts or uses schoolteachers ideas
Initiation (direct) 6. Lectures
7. Gives directions
Initiation (direct) 8. Criticises or justifies authority
Pupil talk 9. Pupiltalk-response
10. Pupil talk —initiation
11. Schoolteacher helps pupils to
Response (indirect) ask questions
12. Schoolteacher helping a pupil
understand a question/a word
Schoolteacher talk 13. Asks questions
Response (indirect) 14. Schoolteacher accepts reaction
15. Schoolteacher lecturing to pupil,
Initiation (direct) giving facts, expressing own ideas
16. Schoolteacher dismissing pupil
initiative
Silence 17. Silence or confusion

10



Figure 1.

The figure provides an example of how utterances are paired and coded within a matrix format

for interaction analysis. The figure to the left illustrates a pairing of utterances. Each verbal
interaction is recorded at three-second intervals and assigned a category code. These codes
are then paired sequentially to reflect the flow of interaction between participants (e.g., museum
educator lecturing to pupil, pupil responds to the museum educator). The tabulated matrix
displays these paired codes in a structured format, where the row number represents the
category of the first utterance in the pair. The column number represents the category of the
subsequent utterance. Each cell in the matrix indicates the frequency of that specific interaction
pair. This method allows researchers to trace patterns of communication and analyse the
dynamics of verbal exchanges during the live-streamed lessons.
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Analysis of nhonverbal interactions

Participants’ bodily movements and nonverbal communication emerged as codable
moments and part of the subthemes in the analysis, prompting a focused investigation
into nonverbal interactions within the live-streamed educational context. To illustrate
these findings, excerpts from transcriptions were used to highlight specific examples of
nonverbal behaviour—such as gestures, spatial positioning, and object use—
demonstrating how these elements contribute to meaning-making and pupil

engagement.

These insights underscore the importance of multimodal communication in digital

learning environments and its role in shaping pupils’ understanding and participation.
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Gestures were categorised according to the typology outlined by McNeill (1992), as
presented in Table 2, allowing for a structured interpretation of how different gesture

types supported cognitive and communicative processes during the lessons.

Table 2:

Categorisation gestures in iconic, metaphoric, deictic and beats (McNeill, 1992).

1. Iconic gestures often contain visualisation content, mimicking verbal actions, describing specific

objects or eventually making them more vivid.

2. Metaphoric gestures also possess a pictorial content like iconic gestures but present the invisible: an
abstract idea or category. Abstract concepts are given form and shape in the imagery depicted in the

motion and the shape of the gesture.

3. Deictic gestures are when people point to objects (or people) or abstract concepts and ideas as if they
had a physical location. The iconic, metaphoric, and deictic gestures consist of three phases. The phases

are preparation, the stroke and returning to the relaxed phase.

4. Beat gesture: Looks like beating musical time. Beats consist of two movement phases. They are short

and quick in/out or up/down movements and make meaning like "This is it."

Ethical Considerations

This study adhered to established ethical standards and did not involve collecting or
analysing sensitive personal characteristics such as gender, sexuality, ethnicity, social
class, nationality, cultural identity, marital status, religion, disability, or political beliefs.
The lessons were conducted via a digital link and documented as screen recordings,
without the presence of a researcher. Therefore, the risk of psychological harm was
considered low. Anonymity was maintained in all responses to the numbered survey
items. The researcher emphasised voluntary participation, confidentiality in data
handling on two encrypted external hard drives, and protection against misuse. The
procedures followed the guidelines set by the Ethical Approval Authority (Lag, 2003;
SFS 2018:218; Lag med kompletterande bestimmelser till EU:s dataskyddsférordning,
n.d.). Since the participants were under the age of 15, their legal guardians received an
information letter outlining the study’s purpose and ethical considerations. Informed

consent was obtained from both guardians and pupils before participation. Participants

12



were clearly informed of their right to withdraw from the study at any time without

needing to give a reason.

Results and discussion

This study aimed to investigate participants’ perceptions of the affordances for
involvement and engagement during live-streamed museum lessons, with particular
attention to pupils’ self-assessed learning outcomes. Immediately following each lesson,
pupils and their schoolteachers completed questionnaires addressing audiovisual
conditions, opportunities to ask questions, perceived activity levels, and learning
outcomes. Participants were also asked to compare the live-streamed lesson with

previous on-site museum visits and traditional classroom instruction.

Museum educators were invited to respond to written questions six months after the
launch of the live-streamed format, providing reflective insights into their pedagogical
experiences. All lessons were screen-recorded and transcribed verbatim, forming the
basis for a thematic analysis of non-verbal interactions and visible signs of engagement.
Excerpts were drawn from two sessions with the theme A Giraffe, an Elephant and a
Rhino, conducted in grade 3 (G3) and grade 5 (G5). The recordings also supported an
analysis of verbal interactions, aimed at assessing the socio-emotional climate among
participants. Learning outcomes were derived from nominal data collected through

open-ended questionnaire responses and analysed using descriptive statistical methods.

How did the participants view the lessons?

Pupils and their schoolteachers were first invited to reflect on the audiovisual conditions
during the live-streamed museum lessons. The results, presented in Figures 2a—d, show
that both groups generally rated the streaming conditions positively. However, a small
number of pupils reported difficulties with image and sound, which were not reflected
in the schoolteachers’ responses. Most pupils in grades 3, 5, and 6 described the

audiovisual experience as either easy or quite easy.
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Notably, one pupil in grade 3 attending the A Giraffe, an Elephant and a Rhino lesson
reported difficulty “seeing up close.” Additionally, two pupils in grade 3 and one in
grade 6 found it challenging to view content presented by the museum educator from a
distance. Four pupils—two in grade 6 and two in grade 3—reported difficulty hearing
the museum educator during the Wild Animals in Sweden lesson. Importantly, no pupils

indicated difficulty understanding the museum educator’s speech.

The primary audiovisual barriers identified were related to hearing and visual access
from a distance. Most pupils (n = 52, 68%) expressed that being physically present at
the museum would have enhanced their experience, allowing for more detailed
observation and multisensory engagement. On several occasions, the museum educator
had trouble hearing pupil responses and relied on the schoolteacher to assist with

communication and turn-taking.

The pupils’ responses revealed high expectations for the learning experience, particularly
in relation to the museum’s tangible resources, such as specimens and exhibits and
intangible assets, including expert knowledge and storytelling. These findings
underscore the importance of fostering anticipation and adequately preparing pupils
before the lesson. Such preparation should be a collaborative effort between educators
and museum staff, aimed at ensuring that pupils are both cognitively and emotionally
ready to engage meaningfully with the educational content. This shared responsibility
enhances the potential for deeper learning and more immersive participation in live-

streamed museum lessons.

Pupils’ responses revealed high expectations for the learning experience, particularly
regarding the museum’s tangible resources—such as specimens and exhibits—and
intangible assets, including expert knowledge and storytelling. These findings highlight
the importance of fostering anticipation and ensuring that pupils are adequately
prepared prior to the lesson. Such preparation should be a collaborative effort between
classroom educators and museum staff, aimed at equipping pupils both cognitively and

emotionally to engage meaningfully with the educational content. This shared

14



responsibility enhances the potential for deeper learning and more immersive

participation in live-streamed museum lessons. By aligning expectations and creating a

sense of readiness, educators can help pupils connect more effectively with the content

and context of the virtual museum experience.

Figure 2.

Pupils’ perceptions of seeing up close, seeing from a distance, and what the museum educator showed, hearing and

understanding the musenm educator’s speech, group by group.
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Across all groups, pupils generally found it easier to see objects up close and to

understand the museum educator’s speech than to hear or view content presented from

a distance.
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The pupils’ self-assessed level of activity in the lessons is presented in Table 3. The self-

assessed level of activity varied quite substantially between the lessons.

Table 3.

Pupils’ self-assessed feelings about their activity during their lesson.

How active did | Wild animals Wild animals ‘A Giraffe, an | Wild animals ‘A Giraffe, an
you feel during | in Sweden, in Sweden, Elephant and | in Sweden, Elephant and
the lesson? grade 3, n=14 | gradeS a Rhino’ grade | grade 6 a Rhino’ grade

n=20 5 n=21 3

n=6 n=14

Not so active | 1 (7%) 3 (15%) 1 (5%)
Little active | 4 (29%) 2 (10%) 2 (10%) 2 (14%)
Quite active | 5 (7%) 11(55%) | 2(33%) 7 (33%) 3 (21%)
Very active | 3 (21%) 3 (15%) 4(67%) 11 (52%) 8 (57%)

Thematic analysis

A thematic analysis was conducted on data from the different questionnaires. The

emerging themes from the material are presented in Table 4.

Table 4.
Developing themes through ‘codable moments’ (Boyatzis, 1998) of participants’ perceptions of a live-streamed

smuseum lesson.

Theme 1a

Label Positive expectations for the lesson: Creating anticipation.

Definition Coded when participants write about activities related to participating in the lesson.
The lessons at schools are conducted in classrooms around the topic of animals before
the visit. Classroom preparations can include showing a film about a visit to a museum.
To test streaming conditions with the museum educator. Preparations at the museum
include manus development.

Indicators Mentioning any of the above items.

Examples The schoolteachers and the museum educator notice the pupils’ anticipation. The
museum lesson complements classroom learning and teaching. “The pupils wave their
hands at the beginning of the lesson’, “We have read about the animals’, “They were
more focused.”, “They had high expectations by saying that they wanted to know more
about the bear and the fox.”. “The children had high expectations, both for the lesson
and to be part of the ‘technics’ (digital technics).

Schoolteacher 3 did not specify preparations before or after the lesson. Schoolteachers

1 and 2 did. One teacher showed a film about a visit to a museum before the live-

Differentiation
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streamed museum lesson. Teachers 1, 2 and 3 tested the audio-visual conditions. The
Museum educator team wrote that they designed the manuscript carefully to be
attractive for live streaming. Schoolteacher 1 in grade 3 wrote that pupils were
enthusiastic about the digital techniques.

Theme 1b

Label

Definition

Indicators

Examples

Differentiation

Theme 1
Alternative

conceptualisation
TLabel

Definition

Indicators

Reactions to the museum lesson as a place for reliable, expert knowledge for the
growth of visitors’ ecological literacy: An external learning environment with
affordances for trustworthy knowledge.

The lesson is an opportunity for the participants to expand their existing knowledge.
The stuffed animals enable visitors to sense real life and therefore credibility. Written
mentions about the material and non-material resources of facts, animals, specialists
and expertise beyond what the school has.

Mentioning any of the above items.

’A specialist talks about the animals.’, Museum educator knows more than our
teacher.’, "We could see the animals.’, ‘Have they been alive?’. ‘How did they stuff the
animals?’, "We meet an expert’, “The museum educator knows more than our teacher’,
‘We can see real animals.’, ‘I learned that I could understand.”. ‘I learned a lot.” ‘It was
interesting.”. ‘It was an interesting and knowledgeable lesson.”. The museum educators
wrote about the role of expertise, perceiving an expectation that pupils meet an expert,
and that they feel they benefit from the expert resources.

No pupil or schoolteacher mentioned anything contrary to the picture of expertise at
the museum. The museum educator wrote that the team have noticed an anticipation
of expert knowledge at the museum.

Perceptions of the museum as a source of external expertise promote knowledge
growth and a lesson to look forward to.

The museum is a trustworthy institution and, therefore, a useful place for learning.
Livestreaming made a visit to the museum possible. The participants describe the
museum educator as having more knowledge than the schoolteacher. The museum
possesses more resources than the schools do, and the teachers use the museum as
an external knowledge resource. The pupils are anticipating and looking forward to
meeting an expert teacher with non-material knowledge expertise and specialist
material resources, such as stuffed animals and objects.

Mentioning any of the above items with the explicit statement that it stimulated or
led to growth or increased commitment to improve ecological literacy. Schoolteacher
3 did not specify preparations before or after the lesson. Schoolteachers 1 and 2 did.
One teacher showed a film about a visit to a museum before the live-streamed
museum lesson. Schoolteachers 1, 2 and 3 tested the audio-visual conditions. The
museum educators note that the manuscript is carefully designed to be visually
appealing for live streaming, providing more in-depth knowledge about the animals.
None of the teachers wrote negative comments about the audio-visual conditions.
Teacher 1 in grade 3 wrote that pupils were enthusiastic about the digital techniques.
The Museum educator wrote positive notions about pupil anticipation.

Theme 2a

Label

Reactions to live-streaming on a screen as a place with problems for affordance
perception
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Definition

Indicators

Examples

Exclusion
Differentiation

Theme 2b
Label

Definition

Indicators

Examples

Differentiation

The live streaming is perceived as a different situation from an on-site situation. The
space separation hinders them from using their senses to perceive the animals in
detail.

Mentions of comparisons with an on-site lesson: to see the animals up close, use
your senses such as touch, see details, look around, and look at the inside of an
animal.

"Better audio at the place.’, I could have seen the inside.’, ‘I could have seen more
details at the museum.’, ‘At the museum, I could have touched the animals.’, ‘On
site, I could have touched the animals.’

Museum educators wrote: ‘Live broadcasts do not allow pupils to discover details
and ask spontaneous questions as on-site lessons do.”, ‘Difficult with contact with
patticipants in a live lesson.’, ‘In a livestreamed lesson, you need to be concise and
clear, more than in an on-site lesson,” and ‘Difficulties in having personal contact
even if there is direct interactivity.”

Pupils 19 and 41 wrote an inappropriate mention of the lesson content.

Pupils 43 and 67 found it ‘difficult’ to see what the museum educator showed from
afar, and pupils 24 and 33 found it ‘quite difficult’. Pupils 3 and 9 found it ‘difficult’
to hear what the museum educator said, and pupils 33 and 42 ‘quite difficult’. Pupil
19 wrote: ‘It lags a little.”. Pupils 12 and 55 found it ‘quite difficult’ to understand
what the museum educator said. Schoolteachers 1, 2 and 3 didn’t mention any
problems with possible auditory conditions.

Positive reactions to the live streaming while enjoying the lesson.

The person mentions that the live-streamed lesson is an enjoyable experience. The
p . . . . ’ .

person reports the feeling of activity as ‘Quite active or “Very active’.

Coded when the person writes about how the lesson relates to emotions and senses.

It was fun.’, Cool’, ‘Funny’, New.’, ‘Interesting.’, ‘It was good.”. Teacher 2: some
pupils found it fascinating to be part of the digital live-streaming techniques.

Pupil 72: ‘It was an odd lesson.”. The museum educator noted that a live broadcast
allows for more time to discuss the animals than an on-site lesson. Pupils 2, 4, 8, 12,
14, 17, and 53 found the lesson good or fun, but they would have preferred a lesson
on-site. Pupil 60: ‘It was quite boring.” Pupil 72: ‘It was strange as a lesson.” Pupil 75:
It was a little difficult.’. Pupils 74 and 75 found the lesson quite like a lesson that
could have taken place at the museum. Pupils 3, 6, 12, 13 and 14 in 3W and 16, 22,
34 in 5W, 43 in 6W and 71 in 3G felt ‘little active’.

Theme 2 Alternative
conceptualiation

Label
Definition

Indicators

Examples

Exclusion

Differentiation

The live-streamed lessons differ from an on-site experience with pros and cons.
The pupils identify obstacles to interaction through their senses. Even if a live-
streamed museum lesson is a direct and interactive lesson, the pupils would prefer
an on-site lesson with the opportunity to see things 'with their own eyes', walk
around, touch, and use their senses bettet.

Auditory conditions in a lesson on the whiteboatd, a first-hand experience on-site.
To see the animals up close, use your senses and touch, and to see more of the
details, look around. Understanding the contents and feelings about the lesson.
"Better audio at the place.’, ‘It had been more fun to be there.’, ‘I could have seen
the inside.”, ‘I could have seen more details at the museum.’, ‘At the museum, I could
have touched the animals.’, ‘On site, I could have touched the animals.”. Pupil 2
wrote: ‘It was a pity we couldn’t be at the natural history museum, but it was more
fun than I thought.”.

Pupils 1, 3, 7, 11, 15, 16, 21, 22, 23, 25, 27, 33, 34, 37, 38, 42, and 57 were excluded
because they did not have a mention.

Pupil 72: It was an odd lesson.” Pupil 74: ‘Anyhow, it was the same as at the museum,
but on the screen.” Pupil 49 expressed disappointment at not having a chance to see
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the whale and the spider. Pupil 54 wanted to see a wolf but couldn’t. Pupil 63 shows
a misconception about the lesson’s location. The museum educators: an on-site
lesson is an opportunity to walk through the exhibitions and use your senses more,
but an online lesson allows more time to focus on the animals. Pupils 5-16, 18, 20-
22,26-33, 35-41, 43-52, 58-62, 67, 70 and 76 would have preferred an on-site lesson
because it would have been easier to see, hear and touch.

The thematic analysis revealed a central finding: pupils expressed strong anticipation
and positive perceptions of the live-streamed museum lessons. Viewed as an extension
of their school-based biology education, the sessions were widely described by pupils as
fun, interesting, and reliable. A recurring theme was the excitement surrounding the
opportunity to interact with a museum expert, whom pupils perceived as having deeper

subject knowledge, particularly about animals, than their regular schoolteacher.

This expert-led format contributed to a sense of enriched learning, with pupils valuing
the educational depth and novelty of the experience. The live-streamed lesson was not
only seen as a break from routine but also as a meaningful and engaging way to explore

biological content, reinforcing its educational value in a virtual setting.

While the live-streamed museum lessons were generally well received, a few pupils
expressed disappointment at not being able to see specific animals during the session.
This points to a mismatch between pupil expectations and the inherent limitations of
the digital format. Despite this, the museum educators—through their jointly written
reflections—conveyed a strong sense of anticipation and pedagogical purpose,
positioning the museum as a site of instruction enriched by both material resources (e.g.,

specimens) and immaterial assets (e.g., expert knowledge and storytelling).

These findings underscore the perceived value of museum-based expertise in enhancing
pupil engagement and learning outcomes. The presence of an expert and access to
curated content contributed to pupils’ sense of meaningful learning, even within the
constraints of a virtual environment. The museum’s ability to offer depth, authenticity,
and narrative-rich instruction played a key role in sustaining interest and reinforcing the

educational significance of the experience.
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Verbal interactions in the live-streamed lessons

The verbal interaction analysis aimed to uncover the communicative dynamics during
the live-streamed museum lessons. The investigation focused on several key aspects: the
time the museum educator spoke, the nature of their speech—particularly in terms of
direct versus indirect communication—and the schoolteacher’s verbal contributions,

including the frequency and type of questions posed.

In addition, the analysis considered the verbal dynamics in the lessons, examining how
the emotional tone and interactional flow shaped pupils’ initiative and engagement. The
totality of verbal interactions was systematically categorised using the Modified Flanders
Interaction Analysis Categories (MFIAC) framework and is reported for each lesson in
Figure 3. This approach enabled a detailed mapping of interaction patterns, revealing
how different actors contributed to the instructional dialogue and how these

contributions influenced the overall learning atmosphere.

The tabulations show that a large proportion of all talk in the lesson is the museum
educator’s direct talk, albeit the extent of this varies between the five lessons. When the
tallies are concentrated in columns C1-C6 and C11-C15, the lesson is based on content,
and the teachers’ presentation and soliciting information are the focus. In the lesson

that showed most pupils’ initiative talk, the content focus was among the lower rates

(Table 5).

Table 5.

The table shows percentages for the content focus in tabulations, schoolteachers’ asking rate,
the museum educator’s direct talk and pupils’ initiative type of talk of their total tallies for
talking.

Lesson Content | Schoolteacher | Museum | Pupils’
focus asking teacher’s | initiative
direct talk | talk
‘A Giraffe, an Elephant and a Rhino’, 93% 72% 97% 67%
grade 5
‘Wild Animals in Sweden’, grade 5 59% 17% 67%. 62%
‘Wild Animals in Sweden’, grade 3 79% 20% 84% 64%
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‘A Giraffe, an Elephant and a Rhino’, 78% 0% 84% 81%
grade 3
‘Wild Animals in Sweden,” grade 6 86% 20% 89% 38%

Verbal interactions, nonverbal interactions and learning outcomes

In the interaction matrix, diagonal cells (e.g., C1-C1 and C17-C17) represent
continuous talk within the same category, while transitional cells reflect movement from
one category to another. These transitions are particularly valuable for identifying

patterns that either support or hinder pupil engagement.

A central dimension of the analysis was the socioemotional tenor of the interactions,
specifically, how the quality of verbal contributions from both the museum educator
and the schoolteacher influenced pupils’ responsiveness or initiative. To assess the
classroom climate, a ratio was calculated between indirect (I) and direct (D) teacher talk,

showing the teacher’s influence on pupils’ verbal behaviour (Table 7).

The analysis revealed that there is no clear correlation between the impact of indirect
teacher talking between lessons, but an indication that the museum educators’ and
schoolteacher’s joint indirect quality of talks resulted in a reduction in pupil verbal
responsiveness and an increase in initiation. This suggests that while indirect
communication may foster a supportive learning climate, it does not necessarily
encourage active verbal participation from pupils. The findings highlight the importance
of balancing instructional approaches—particularly in virtual settings—where the
dynamics of interaction are shaped not only by content delivery but also by the

communicative style of the educators involved.

Schoolteachers predominantly employed indirect talk, though the extent varied between
lessons. For instance, in A Giraffe, an Elephant and a Rhino (Grade 3), indirect talk
accounted for 100% of the teacher’s utterances (n = 48), indicating a highly passive
instructional approach. In contrast, Wild Animals in Sweden (Grade 5) showed a more

interactive style, with indirect talk comprising only 13% of utterances (8 out of 29). This
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shift toward direct engagement appears to foster greater pupil participation and
initiative. An exception to this pattern was observed in A Giraffe, an Elephant and a Rhino
(Grade 5), where the teacher’s approach shifted toward direct engagement—~67% of her
utterances involved asking questions to the museum educator. This reduction in indirect
talk corresponded with increased pupil responsiveness, suggesting that in this group,

more direct and interactive teaching styles may foster greater pupil participation.

Across the groups, the schoolteacher’s indirect talk ranged from 100% in ‘A Giraftfe, an
Elephant and a Rhino’, grade 3 (n = 48 utterances out of 48), to 13% in ‘Wild animals
in Sweden’, grade 5 (8 utterances out of 29). The museum educatot's use of indirect talk
(13%, n = 47 of 368) in the lesson ‘A Giraffe, an Elephant and a Rhino’, grade 3,
corresponds with the group that exhibited the most pupil-initiative talk (81%). The
museum educators’ indirect talk (3%, n = 9 of 433) is the lowest in the lesson ‘A Giraffe,
an Elephant and a Rhino, grade 5°. This group still has a high pupil-initiated talk (67%).
In the lesson "Wild Animals in Sweden" for grade 6, the museum teacher’s indirect talk
accounts for 7% of the total museum teacher talk, and the pupils’ initiative is the lowest
of all groups, at 38%. The pupils’ initiative talks are higher among the younger pupils,
which indicates more involvement in the lesson. The response type of talks in answering
the teachers’ questions varies between 19% and 62% in the lessons. The duration for

silence is a category of its own and is between 2% and 5% of the total number of tallies

(Table 6).

Pupils’ speaking time during the observed lessons ranged from 3% to 13%, with pupil-
initiated questions comprising between 38% and 81% of their verbal contributions.
Notably, the teacher associated with the highest rate of pupil-initiated talk did not pose
her own questions or present personal ideas; instead, the teacher only encouraged pupils
to “speak louder.” This minimal intervention appears to foster greater pupil autonomy
and initiative. In contrast, other teachers who actively engaged by repeating or
reformulating pupils’ responses, or by introducing their own questions and ideas, tended
to see lower levels of pupil-initiated talk. These findings suggest that teacher behaviour

plays a significant role in shaping the dynamics of classroom interaction and pupil
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participation. Further analysis of interaction categories revealed that less than 1% of the
museum educators’ indirect talk involved accepting pupils’ feelings, offering praise, or
acknowledging pupils’ ideas. This limited emotional and affirmational feedback may

influence the nature and depth of pupil engagement during live-streamed lessons.

The analysis of the dynamics in the lessons revealed that the socio-emotional climate in
the lessons corresponds to an expected picture of the roles between the participants.
The museum educator’s talk takes up most of the lessons. The schoolteachers take or
are given the role of a facilitator by helping with turn-taking and clarifying or
reformulating pupils’ questions. In one of the lessons, ‘A Giraffe, an Elephant and a
Rhino’, grade 3, the teacher showed different types of helping her pupils by only asking
pupils to speak louder. This resulted in direct communication between the museum
educator and the pupils. The pupils asked more questions than in the other classes,
which correlated with their responsiveness in answering the museum educator’s

questions rather than initiating their own questions.

Figure 3.

Figures show the tabulated matrices of verbal interactions in the lessons: a. Lesson Wild animals in Sweden,
grade 3, b. Lesson: Wild Animals in Sweden, grade 5, c. Lesson A Giraffe, an Elephant and a Rhino,
grade 5, d. Lesson Wild Animals in Sweden, grade 6 and e. Lesson A Giraffe, an Elephant and a Rhino,
grade 3. The cells in pink represent speech events that occur only once, the yellow cells those within the 50th

percentile, and the green cells those of the nusenm educator lecturing.
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Table 6.

Table 6 provides an overview of verbal interactions among the musenm educator, schoolteachers, and pupils during
the streamed lessons. The first colummn includes the class grade, the lesson title (Giraffe = Lesson’ A Giraffe, an
Elephant and a Rhino’, Wild = Lesson ‘Wild Animals in Sweden’), and the duration of each lesson. The second
colummn shows the number of 3-second intervals coded as silence or confusion, relative to the total number of coded
intervals in the lesson. The third column presents the museum educator’s total number of verbal contributions (tallies),
Separated into indirect and direct speech. It also includes the number of questions asked by the educator (Category
C4). The fourth column displays the ratio between indirect (Categories 1, 2, 3, 5) and direct (Categories 6, 7, &)
speech, referred to as the 1) D ratio. The fifth column shows the percentage of the museum educator’s speech that falls
into indirect categories. The sixcth columm summarises the schoolteachers’ verbal contributions, including indirect and
direct speech, as well as question-asking bebavionr (Category C13), with the total number of questions noted. The
seventh colummn reports the pupils’ verbal contributions, including the total number of tallies and the percentage
distribution between responsive and initiative speech.

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7

Grade Silence or % [Museum pedagogue talks of %  [I/D ratio of Museum % |Class pedagogue' talk of the % |Pupils' talks of the %

Lesson confusion the total number of tallies and museum teacher talk |pedagogue’ total number of tallies, and total number of tallies,

Lesson distributed in tallies of indirect s tallies of distributed in indirect and and distributed in

length n student and direct talks Indirect direct tallies responsive and

3 14 24/499 4,8 [Total 367/499| 71,3 [46/46+310 0,129 47/499 9,4 [Total 48/499 9,6 | Total 58/499 11,6

Giraffe Indirect (Response) 46| 12,9 (Response) 48 100 |Response 18,9
Direct (Initiation) 310| 84,4 Direct 0 O [Initiative 81,0
Asking (C4) 11| 22 Asking (C13) 0 0

25min17s n questions 1 n questions 00

5 21 21/433 4,7 |Total 371/433| 85,7 |12/12+348 0,033 9/433 2,1 [Total 29/433 6,7 |Total 12/433 2,5

Giraffe Indirect (Response) 12| 33 Indirect 8 27,6 |Response 333
Direct (Initiation) 348| 96,7 Direct 0 O [Initiative 66,6
Asking (C4) 1] 25 Asking (C13) 21 124

21minls n questions 9 n questions 6

3 14 25/650 3,8 |Total 453/650| 70 |[55/55+382 0,126 55/650 8,5 |Total 86/650 13,2 [Total 84/650 12,9

Wild Indirect (Response) 55| 12,1 Indirect 71 82,6 |Response 35,7
Direct (Initiation) 382| 84,3 Direct 3 3,5 |Initiative 64,2
Asking (C4) 16| 2,5 Asking (C13) 17 198

32 min27s n questions 16! n questions 4

5 19 16/610 2,6 |Total 463/610| 75,9 |28/28+411 0,063 28/610 4,6 |Total 72/610 11,8 |Total 60/610 9,8

wild Indirect (Response) 28| 6,1 Indirect 60 83,3 |Response 38,3
Direct (Initiation) 411| 67,3 Direct 0 0 |lInitiative 61,6
Asking (C4) 24| 38 Asking (C13) 12 16,7

33 min n questions 23 n questions 7

6 21 9/511 1,7 |Total 440/511) 86,1 |19/19+400 0,045 30/511 5,8 |Total 58/511 11,3 |Total 29/511 5,7

wild Indirect (Response) 19 6,6 Indirect 41 70,6 |Response 62,1
Direct (Initiation) 400| 88,7 Direct 17 29,3 [Initiative 37,9
Asking (C4) 21 41 Asking (C13) 12 20,7

26 min34s n questions 17 n questions 3

Research consistently highlights the impact of teaching style on pupil engagement and
learning outcomes (Lyon et al., 2014; Dolmans et al., 2005). The teachers’ indirect
talking style, accepting or building upon pupils’ ideas exhibited, was found to be low,
allowing students initiative only once per lesson (Sahlberg, 2010), suggesting that direct
instruction limits opportunities for cooperative learning. Similarly, an Indonesian study
using FIAC categories found that second-grade English language lessons were
dominated by teacher talk, with low levels of teacher acceptance of pupils’ ideas and
limited pupil responsiveness (Hasan & Sudewi, 2022). The recent findings align with
carlier research by Flanders (1970), which showed that teachers’ talk typically occupies

around 80 % of lesson time, leaving minimal space for pupil-initiated contributions.
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These patterns reinforce the conclusion that indirect, empathetic, and dialogic teaching

styles are more conducive to fostering active pupil participation and deeper learning.

Using MFIAC can help to assess the socio-emotional climate of the lessons by
categorising verbal interactions. The sample size in the present study included a team of
three museum educators who jointly answered questions, three schoolteachers, and 76
pupils responding to questions. This suggested a reasonably robust dataset for narrative
and mathematical analysis. Results were consistent with both eatly studies and more
recent interaction analyses from the 2000s, indicating continuity in patterns of classroom
discourse, but in a new context in live streaming. Comparisons with Guo et al. (2025)
in a Chinese demonstration class showed that even if a teacher spoke for 45% of the
time, and pupils spoke for 41%, the pupils’ autonomy and independent engagement
were still limited. Our study confirms that quality of the teacher’s talk is crucial for the

pupils’ initiative.

The type of speech used in a lesson influences its socio-emotional climate, and the non-
verbal interactions shape how participants perceive spoken communication and
experience its affordances within the classroom setting. The museum educator’s spatial
positioning—particularly in relation to the camera and the placement of stuffed
animals—serves as a key non-verbal resource. For example, approaching the camera to
present an animal up close, such as a newborn bear, enhances visual clarity and detail,
thereby facilitating focused engagement with the topic. Similarly, the teacher adjusts
their position in response to pupil questions, signalling attentive listening and intentional
focus. The museum educator also moves closer to the animal when inviting questions,
reinforcing the communicative intent. A recurring pattern emerges in which proximity

to the camera is used strategically when conveying facts about animals.

The analysis of verbal interactions revealed that the class in which pupils asked more
questions and demonstrated greater initiative had a teacher whose indirect
communication primarily involved encouraging pupils to speak louder. This suggests

that even very small verbal support can foster active participation when paired with a
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supportive classroom climate. Drawing on the findings of this study and previous
research on the role of socio-emotional relationships in education, it is evident that
teachers should be mindful of the emotional atmosphere in the classroom and promote

pupil-centred learning by allowing space for pupils to initiate questions and share ideas.
Nonverbal interactions — gestures and sensing

The museum educator’s use of non-verbal interactions connects to his speech, with the
use of objects or gestures, illustrating factual knowledge. In the lesson ‘Wild Animals in
Sweden’, the museum educator used a plastic bag to demonstrate the quantity of
bilberries that bears consume before hibernation. Natural objects used in the lessons
included a mounted adult and a young moose in a glass case, a moose and a roe deer
horn, and a bear skull. Several other small, mounted animals were also present, such as
a fox, a rabbit, a hedgehog, a lemming, a mole, a mouse, a snowy owl, a raven, a crow,
a magpie, a jackdaw, a bluetit, a blackbird, a grain seed, and a lemon butterfly. In the
lesson ‘A Giraffe, an Elephant and a Rhino’, a UV lamp was used to highlight a piece
of rhino excrement. The lesson also featured a mounted giraffe, a giraffe skeleton, an
adult lion, two lion cubs, an elephant, and a rhino. Additionally, the jaw of a giraffe was
included to tell the story of the giraffe.

The analysis focused on the museum educator’s language-like gestures and actions with
objects and artefacts included: Iconic (descriptive and making speech vivid), deictic
(descriptive pointing to abstract or concrete content), metaphoric (illustrating abstract
concepts or categories), beats (not describing, but making meaning, like “end of story”)
for the most mentioned animals. Frequently, the museum educator used gestures and
changes in positioning abundantly to enhance the speech and come closer to the camera
or an animal. Gestures conveyed by the museum educator were counted according to

McNeill’s classifications for the three most mentioned animals (Table 7).
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Table 7.

The table presents the musenm educator’s non-verbal interactions alongside the question-asking behaviours of
the musenm educator, the pupils, and the schoolteacher, as part of their verbal exchanges.

The three [ttt
most D
mentioned aneon
(min)
learning
Verbal
Duration of
talking
about the
animal in
Number of |the lesson
as mentions in |(min) (% of
perceived |pupils’ the lesson
Grade Date by pupils answers length) M 's g d n (%) (N) Objects Asking (n) all
'Wild 3 2021-02-09
animals in Museum |School-
Sweden (N)27 32min Iconic Deictic Beat P n (%) | (N total=15) educator|teacher Pupils
Hare 11 3 min (3) 16 (70). 1(4) 4(17) 1(4) 1(4) 23 1(7) 4 1 2
Museum 9 0 0 0 0 0 0 0 0 0 0 0
Bear 7| 9 min (28) 11 (29) 9(24) 9(11) 4(13) 3 (8) 36 4(27) 3 2 11
'Wild 5
animals in Museum School-
Sweden 2021-03-04 (N) 27 25 min Iconic Deictic phoric Beat| P n (%) (N total=15) teacher Pupils’
Hare 12| 3 min(12) 10 (37). 5(19) 7(26) 5(19) 1(4) 27 1(7) 3 0 1
Bear 8 9 (36) 16 (23) 8 (19)] 9(21) 4(9) 2(5) 23 4(9) 8 2 3
Museum 7 0 0 0 0 0 0 0 0 0 0 0
Agiraffe, an 5
elephant Museum School-
and a rhino 2021-03-10 (N) 19 25 min Iconic Deictic phoric Beat i n (%) (N total=5) teacher Pupils’
Size 7 0 0 0 0 0 0 0 0 0 0 0
Weight 6 0 0 0 0 0 0 0 0 0 0 0
Animals 6 0 0 0 0 0 0 0 0 0 0 0
Wild 6
animals in Museum School-
Sweden 2021-03-19 (N) 28 25min Iconic Deictic phoric Beat| P n (%) (N total=19) edi teacher Pupils’
Bear 10| 4 min (16) 7(22) 6(19) 5(16) 5(16) 5(16) 17 4(24) 5 2 2
Food 10 0 0 0 0 0 0 0 0 0 0 0|
Moose 8| 6 min (24) 11 (26). 23 (72) 39 1(3) 5(16) 32 1 4 0 3
Agiraffe, an 3
elephant Museum School-
and a rhino 2021-03-24 (N) 16 25 min n (%) (N total=6) teacher Pupils’
Rhino 6| 6min(24) 14 (30) 23 (50) 3(7) 12) 5(11) 46 3(50) 2 0 10
Elephant 6| 6 min (24) 21 (44) 16 (33) 5(10) 5(10) 1(2) 48 1(17) 2 0 8]
Giraffe 4| 8 min (32) 14 (30) 23 (50) 3(7) 1(2) 5(11) 46! 2(33) 9 0 7]

Visible, non-verbal communication was observed among pupils in a few cases through
bodily movements as cues of engagement. These included hand-raising, pointing at the
screen or gesticulation, and changes in body position. A few pupils also reacted to the
museum educator’s speech by illustrating pantomimes related to what the virtual
educator had said, metaphorical or deictic pointing gestures. The iconic and deictic
pointing gestures are the most common gestures the museum educator makes
throughout the lessons. More support is needed for statements of correlations between
nonverbal resources and pupil activity, as well as initiative talks. Students ask more
questions than the museum educator and the schoolteacher do together in both grade 3
lessons. Perceiving animals in a live-streamed lesson is dependent not only on verbal
interactions but also on nonverbal means. The museum educator uses gestures, changes

positioning and illustrates facts with objects and artefacts to enhance the speech. Pupils
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could react to the museum educator’s bodily affordances and speech by doing their own

pantomimes, metaphorical or pointing gestures.

Excerpt 1, pupil showing engagement through iconic gesture, lesson A Giraffe, an Elephant

and a Rhino, grade 3:

Museum educator:  so it is when you can think that a proboscis should be wrinkled

Pupil: pupil makes an iconic wave imitating a hand gesture to show a wavelike movement

Excerpt 2, pupil showing engagement through pantomime, lesson A Giraffe, an Elephant and

a Rhino, grade 5:

Museum educator:  and we have three species of elephants
the indian elephant is living in asia

Pupil: a pupil makes a pantomime to visualise an indian temple dancer

Mounted animals, skeletons, animal-related objects such as horns and teeth, and man-
made objects were planned in the museum educator team’s lesson manuscripts and used
together in lecturing about animals. On the contrary, the interactional communication
with gestures and positioning was used to enhance the teacher’s speech, in an unplanned

manner (e-mail correspondence, 27 February 2022).

Beyond general use of sight and hearing, the museum educator used the senses to
exemplify specific phenomena. The use of touch was illustrated by stroking the mole’s
lean fur or sensing how an elephant can be cooled down by pupils waving their hands.
Seeing came into play in urging one to look carefully at how the skin of an elephant is
constructed. Positioning was used when the museum educator came closer to the
camera to show a small animal or take a close look at a big animal. Bodily comparisons
were used to make comparisons among different vertebrates. The museum educator
also asked the pupils to use their imagination to think what something might look like

closely, such as the texture of an elephant's skin.
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Excerpt 3:

Museum educator: it is like one can think that the trunk should have many
wrinkles so that it can bend a lot.

Pupil: makes a wavelike movement to imitate wrinkled skin

The representation of animals

The animals presented are single examples of their species, mainly lacking contextual or
ecological information. The manuscript aims to provide details about animals and their
ecological traits and behaviours. Pupils' questions cover topics from food, size, and
weight to speed, the number of cubs, and sleeping habits. Several pupils share stories
about their encounters with animals. In the lessons, animals are land-dwelling, with fish
only mentioned as bear food in North America. The mole is the only example of a soil-
dwelling animal. The museum educator’s multimodal presentation of the mole, by
positioning it close to the camera, holding it in the palm, stroking its fur, and explaining
how it feels, clarifies a misconception about the size of moles and offers a clearer picture

of the animal.
Self-perceived learning gains among pupils

Both the questionnaires for pupils and schoolteachers provided insights into what the
pupils learned from the museum lessons. The responses indicated that the pupils’ main
learning outcomes involved well-known mammals, such as the bear, the moose, the fox,
and the hare. Pupils’ answers also reflected understanding of ecological aspects of
animals’ lives, for example, ‘food’, ‘facts about animals’, ‘where they live’, ‘what they
eat’, ‘about size’, ‘different beaks’, ‘horns’, ‘hibernation’; ‘how they live’, and ‘body
temperature’. In one class, where the teacher showed a film about a museum visit before
the lesson, many answers mentioned ‘museum’ as a learning outcome. According to the
schoolteacher in the lesson ‘Wild animals in Sweden’, grade 3, the learning outcomes

varied; some learned nothing new, some learned about the bear’s food, the horns of the

moose, how the hare reacts in danger and the appearance of the mole. In the lesson ‘A
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Giraffe, an Elephant and a Rhino, grade 5, one learning outcome, according to the

teacher, was to listen actively and ask in turns (Tables 8, 9 and 10 and Figures 4 and 5).

Figure 4.

The figures show animals mentioned by the pupils as their self-assessed learning ontcomes, derived

from the wording of the question ‘With which three words could you best describe what you learned
during the lesson?’.

a. b.

C.
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Table 8.

Pupils’ self-assessed learning outcomes were mentioned in general terms, not as animal names, in

lessons 3W, S5W and 6W.

Grade 3 n Gradeb5 n Grade 6 n
Wild animals in Wild animals in Wild animals in Sweden
Sweden Sweden
Museum 9 Facts about animals 6 Food 5
Animals 3 Hareis fastand 3 Animals, more about 5
important animals
Educator 1 Food 2 Sleeping/hibernation 5
Food 1 Life circumstances 1 Nature 3
Body temperature 1 Appearance 1
Fur 1 Concurrence 1
Fox was funny 1
Horns 1
Many different beaks 1

Figure 5:

Mentions of single animal words in grade 3G for self-assessed learning outcomes of animal names

for the lesson ‘A Giraffe, an Elephant and a Rhino’.

Grade 3, A giraffe, an elephant and a rhino
giraffe N
elephant I
rhino I
lion

0 1 2 3 4 5
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Table 9.
Phrases in grade 3 for pupils’ self-assessed learning ontcomes in the lesson ‘A Giraffe, an

Elephant and a Rhbino’.

Horns placement 2 Rhinos can be fast 1
How animals live 1 Food 1
What animals do 1 Places for living 1
About animals 1 Rhinos get one cub at atime 1
How much does an elephant weigh 1 Giraffes are tall 1
It was fun and good 1 Rhinos run 45 km/h, as fast as elephants 1
| learned that | could understand what the 1 Elephants can run fast 1

the museum educator said

Table 10.
Mentions of pupils in grade 5 for self-assessed learning outcomes, for the lesson ‘A Giraffe, an

Elephant and a Rhino’.

Size

Weight

Learned about animals/species
Food

Animals are ok

Animals are exotic

Learned about different animals

= =2~ b O O N

Schoolteachers’ perceptions

The schoolteacher in the lesson “‘Wild Animals in Sweden’, grade 3, wrote that pupils
were more active in the lesson than in a school lesson. The schoolteacher also wrote
that the pupils preferred the mounted animals to pictures of animals. The schoolteacher
in the lessons ‘Wild Animals in Sweden’, in grades 5 and 6, and ‘A Giraffe, an Elephant
and a Rhino’, grade 5, mentioned that some pupils were more attentive and some others

asked more questions than in an ordinary school lesson.

One teacher noted that girls appeared passive during the live-streamed museum lesson.
>

This observation was consistent with the schoolteachers’ general perceptions of girls

engagement in regular school settings. While not the primary focus of the study, this
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recurring theme suggests a potential gendered pattern in classroom participation, which

warrants further investigation.

The finding opens a broader discussion on how gender dynamics may influence the
verbal and non-verbal engagement in both physical and virtual learning environments.
Future research could investigate whether these patterns are context-dependent, shaped
by teaching style, content, or format of instruction, and how they might be addressed

to promote equitable participation.

Conclusions

As digital teaching formats become increasingly common, livestreamed museum lessons
have emerged as an alternative to physical visits. This text explores students’ experiences

of such lessons, focusing on engagement, learning, and interaction.

Students generally responded positively to the livestreamed museum lessons, describing
them as inspiring, reliable, and informative. Many expressed positive expectations
beforehand and reported enjoying the experience. However, approximately one-quarter
of the students felt less active during the sessions, indicating that digital formats do not

engage all learners equally.

Despite the overall positive reception, students showed a clear preference for physical
museum visits. They emphasised the value of moving through exhibitions, observing
details firsthand, and engaging in tactile experiences. These aspects were seen as

enriching the learning process in ways that digital formats could not fully replicate.

An interaction analysis using the Modified Flanders Interaction Analysis Categories
(MFIAC) revealed that the teachet’s communication style significantly influenced
students’ ability to take initiative. In cases where the teacher avoided direct questions
and did not actively steer the lesson, student-initiated dialogue increased. This was
particularly evident in classes where the museum educator and schoolteacher

collaborated through indirect interaction, creating space for students’ own expressions.
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In the lesson “Wild Animals in Sweden”, students primarily reported learning about four
well-known mammals: moose, fox, bear, and hare. This raises questions about the
effectiveness of lecture-based formats in promoting knowledge of lesser-known species.
While fact-based content is important for ecological literacy, it may be insufficient to

stimulate deeper understanding.

Despite limitations in the digital environment, students demonstrated engagement
through gestures and pantomime. This suggests a need to integrate bodily expression
and physical objects into digital presentations to create a more immersive learning
experience. In conclusion, the findings indicate that indirect interaction and increased
student agency can contribute to more meaningful learning experiences in virtual
museum settings. To foster deeper learning, teaching should be designed to allow

students greater autonomy and opportunities for active participation.
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Supplementary information

Supplementary 1.
Letter to the legal guardians.

Hej!

Mitt namn dr Minna Panas och jag dr doktorand pa institutionen for biologi och miljovetenskap,
Goteborgs universitet. Jag forskar om hur digitala verktyg kan anvédndas i undervisning av
véxter, djur och svampar i &k 4-6. Nu under covid19-pandemin har det blivit tydligt att det
finns ett stort behov av digitala besdk pa museer bland annat och kunskap om hur ldrande kan
ske pd distans.

Jag, mina handledare och pedagogerna pad Goteborgs naturhistoriska museum planerar ett
kommande forskningsprojekt om elevers upplevelser av livestreamade lektioner. Vi behover
spela in livestreamade lektioner pd museet och ditt barns ldrare har bokat en livestreamad
lektion om djur. Av forskningsetiska skél behover jag ditt medgivande for att ditt barn ska
kunna delta i lektionen da filmningen sker. Lektionen goérs via Microsoft Teams och
inspelningen av det som syns pd skdrmen innefattar &ven det som spelas in frén
museipedagogens héll. De inspelade filmerna kompletteras med enkitfrdgor eleverna svarar pa
direkt efter lektionen och materialet kommer att bli grunden for min forskning om
livestreamade lektioner. Efter analysen kommer jag att skriva en vetenskaplig artikel om
resultaten.

Personskyddsinformation

Inspelningen kommer att f6lja riktlinjerna i Dataskyddsférordningen (GDPR, 2016/6791).
Ansikten och eventuella namn kommer att avanonymiseras innan jag borjar analysera
inspelningen. Deltagandet &r frivilligt och du som medverkande kan nér som helst vélja att
avbryta deltagandet utan att ange ndgot skél. Samtycke att delta gors pa nésta sida.

Har ni nagra frgor dr ni vilkomna att hora av er till mig (enligt kontaktinformation nedan),
alternativt till mina handledare pa Goteborgs universitet och Hogskolan i Borés.

Minna Panas Mats Andersson Institutionen for biologi och miljovetenskap
Doktorand Handledare Botanhuset
Goteborgs Universitet Goteborgs Universitet Carl Skottsbergs gata 22B, Box 461

minna.panas@bioenv.gu.se  mats.andersson@bioenv.gu.se 413 19 Goteborg, Telefon: 031-786 00 00

Maria Ferlin Hogskolan i Borés
Handledare Allégatan 1
Hogskolan i Boras 501 90 Boras
maria.ferlin@hb.se Telefon: 070-185 64 68

Deltagandet ér frivilligt och medverkande kan néar som helst viilja att avbryta sitt
deltagande. Meddela hiir om ditt barn fir delta i testfilmning av live-streamad lektion
den 9 januari 2021.
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O Jag har fatt muntlig och skriftlig information om studien och eftertestet och har haft
mdjlighet att stélla fragor. Jag &r medveten om att jag far behalla den skriftliga
informationen.

0 Mitt barn far medverka vid testfilmning av streamad lektion pa Goteborgs
naturhistoriska museum.

Vardnadshavare 1:

Namnfortydligande:

Vardnadshavare 1:

Namnfortydligande:
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Supplementary 2.

The pupils’ questionnaire in the pilot live-streamed lesson.

Fragor om streamad lektion 2020-12-09

1. Hur latt var det att se vad museipedagogen visade i

narbild?
A. Svart B. Ganska svart C. Ganska latt D.
Latt En giraff, en elefant och en noshérning

- livestreamad

2. Hur latt var det att se det som visades pa avstand?
A. Svart B. Ganska svart C. Ganska latt D. Latt

3. Hur latt var det att hora vad museipedagogen sa och berattade?
A. Svart B. Ganska svart C. Ganska latt D. Latt

4. A) Stallde du fragor till museipedagogen? Ja Nej

B) Om du stillde fragor, hur latt var det att gora det?
Svart B. Ganska svart C. Ganska latt D. Latt

C) Fick du stélla de fragor du tinkte pa? Ja Nej

5. Vilka tre ord skulle bast beskriva vad du tyckte om den streamade lektionen?

6. Pavilket satt ar en streamad lektion som du just upplevt annorlunda an en vanlig
lektion?

Tack for att du har svarat pé frigorna!
Minnav
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Supplementary 3.
Letter to the schoolteachers who booked the lesson A giraffe, a rhino and an elephant

Goteborg 2020-11-30

2T

GOTEBORGS
UNIVERSITET

Hej!

Mitt namn dr Minna Panas och jag dr doktorand pa institutionen for biologi och miljovetenskap,
Goteborgs universitet. Mitt forskningsomréde dr naturvetenskap mot utbildningsvetenskap och
specifikt om biologisk méngfald och hur man kan arbeta med digitala verktyg. I en vérld med
méinga och Okande hot mot den biologiska méngfalden och minskande antal arter och
organismer blir det viktigare &n ndgonsin att 6ka véra elevers kunskaper och medvetenhet om
organismer och tillstdndet i naturen. Nu under covid19-pandemin har det ocksa blivit tydligt att
det finns ett stort behov av digitala former av besok pa museer bland annat.

I dagarna planerar jag med min handledare och pedagoger pd Goteborgs naturhistoriska
museum infor ett kommande projekt om undervisning pa distans genom live-streamade
lektioner. Det dr hédr jag skulle behdva er hjélp eftersom jag behdver inspelade live-streamade
lektioner for analys.

Vi ser att ni har bokat lektionen En giraff, en noshorning och en elefant. Jag skulle vilja, med
hjélp av pedagogerna pa Goteborgs naturhistoriska museum, spela in lektionen ni har anmaélt er
till. Inspelningen gors direkt frdn pedagogernas iPad-skarm.

Din rektor och vérdnadshavare behdver ge sitt medgivande till barnens deltagande i
inspelningen. Om ni vill delta kommer jag att skicka ett infobrev och medgivandeformulér till
vérdnadshavare for paskrift. Alla elever kommer att avidentifieras och materialet forvaras pa
en krypterad harddisk sa att ingen obehdrig kommer at den.

Om det skulle vara intressant for dig och din klass att hjilpa till med inspelningen kan du
kontakta museipedagogen Xxxxxxxxxx(@vgregion.se, girna senast XXxxxx.

Vinliga hilsningar
Minna Panas

MINNA PANAS

CUL PhD student

UNIVERSITY OF GOTHENBURG
Department of Biological and
Environmental SCIENCES University of
Gothenburg, Botanical house

Visiting address: Carl Skottsbergs gata
22B Main: +46 (0)31-786 3039
minna.panas@bioenv.gu.se

Box 461, 405 30 Gothenburg

Handledare:

Mats Andersson

UNIVERSITY OF GOTHENBURG
Department of Biological and
Environmental SCIENCES University of
Gothenburg, Botanical house

Visiting address: Carl Skottsbergs gata
22B Main: +46 (0)31-786 3039

Box 461, 405 30 Gothenburg

Handledare:

Maria Ferlin

HOGSKOLAN | BORAS

Hogskolan i Boras,

Visiting address:

Allégatan 1, 503 32 Boras

501 90 Boras Main: +46 (8) 033-435 40 00

45


mailto:minna.panas@bioenv.gu.se

Supplementary 4.

Goteborg 2021-01-13

GOTEBORGS
UNIVERSITET

Hej!

Mitt namn dr Minna Panas och jag dr doktorand pa institutionen for biologi och miljovetenskap,
Goteborgs universitet.

Nu startar jag ett forskningsprojekt om undervisning pa distans genom live-streamade lektioner.
Det ér hir jag skulle behova din och dina elevers hjélp. Ni har bokat lektionen En giraff, en
elefant och en noshérning péd Goteborgs naturhistoriska museum och jag skulle vilja spela in
den lektionen. D4 kan jag studera hur man kan undervisa om biologisk mangfald med digitala
verktyg. Inspelningen kompletteras med nigra enkétfragor som du och dina elever kan svara pa
efter lektionen.

Alla deltagare avidentifieras och inspelningarna forvaras pé en krypterad harddisk i ett 14st rum
och lést skap 1 mitt arbetsrum pa universitetet.

Jag hoppas att det vore roligt for er att medverka i projektet! Om ni vill och er rektor ocksa
stéller sig positiv skickar jag ett infobrev och en medgivandeblankett till vardnadshavare for
péskrift.

Om du vill delta med dina elever onskar jag att du meddelar det till museets pedagoger pé
pedagoger.naturhistoriska@vgregion.se snarast.

Projektet genomfors tillsammans med pedagogerna pa Goteborgs naturhistoriska museum. Det
ar de som spelar in lektionerna i Microsoft Teams som anvinds for att streama lektionen.

Mitt forskningsomrade dr naturvetenskap mot utbildningsvetenskap och specifikt om biologisk
méngfald och hur man kan arbeta med digitala verktyg. I en virld med manga och 6kande hot
mot den biologiska méngfalden, och minskande antal arter och organismer blir det viktigare dn
ndgonsin att oka véra elevers kunskaper och medvetenhet om organismer och tillstdndet i
naturen. Nu under covid19-pandemin har det ocksa blivit vildigt tydligt att det finns ett stort
behov av digitala former av besok pa museer bland annat.

Vinliga hdlsningar
Minna

MINNA PANAS

CUL PhD student

UNIVERSITY OF GOTHENBURG
Department of Biological and
Environmental SCIENCES University of
Gothenburg, Botanical house

Visiting address: Carl Skottsbergs gata
22B Main: +46 (0)31-786 3039

minna.panas@bioenv.gu.se
Box 461, 405 30 Gothenburg

Handledare:

Mats Andersson

UNIVERSITY OF GOTHENBURG
Department of Biological and
Environmental SCIENCES University of
Gothenburg, Botanical house

Visiting address: Carl Skottsbergs gata
22B Main: +46 (0)31-786 3039

Box 461, 405 30 Gothenburg

Handledare:

Maria Ferlin

HOGSKOLAN | BORAS

Hogskolan i Borés,

Visiting address: Allégatan 1, 503 32
Boras

501 90 Boras Main: +46 (8) 033-435 40 00
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Supplementary 5.

Letter to the schoolteachers who booked the lesson Wild animals in Sweden

Goteborg 2020-11-30

P,
(C)

Hej ! GOTEBORGS
UNIVERSITET

Mitt namn dr Minna Panas och jag dr doktorand pa institutionen for biologi och miljovetenskap,
Goteborgs universitet. Mitt forskningsomréde dr naturvetenskap mot utbildningsvetenskap och
specifikt om biologisk méngfald och hur man kan arbeta med digitala verktyg. I en vérld med
ménga och 0kande hot mot den biologiska mangfalden, och minskande antal arter och
organismer blir det viktigare &n ndgonsin att 6ka véra elevers kunskaper och medvetenhet om
organismer och tillstdndet i naturen. Nu under covid19-pandemin har det ocksé blivit véldigt
tydligt att det finns ett stort behov av digitala former av besok pad museer bland annat.

I dagarna planerar jag med min handledare och pedagoger pd Goteborgs naturhistoriska
museum infor ett kommande projekt om undervisning pa distans genom live-streamade
lektioner. Det dr hédr jag skulle behdva er hjélp eftersom jag behdver inspelade live-streamade
lektioner for analys.

Vi ser att ni har bokat lektionen Vilda djur i Sverige. Jag skulle vilja, med hjélp av pedagogerna
pa Goteborgs naturhistoriska museum, spela in lektionen ni har anmalt er till. Inspelningen gors
direkt fran pedagogernas iPadskdrm och kompletteras med ljudinspelning med ljudupptagare
och dokumenterande av lektionen pd museet med filmkamera.

Din rektor och virdnadshavare behover givetvis ge sitt medgivande till inspelningen. Om ni
vill delta kommer jag att skicka ett infobrev och medgivandeformulér till vardnadshavare for
paskrift. Alla elever kommer att avidentifieras och materialet forvaras pa en krypterad harddisk
sa att ingen obehdrig kommer at den.

Om det skulle vara intressant for dig och din klass att hjilpa till med inspelningen kan du
kontakta museipedagogen xxxxxx@vgregion.se, girna senast Xxxx.

Vinliga hilsningar
Minna Panas

47



Supplementary 6.
Letter to the schoolteachers who booked the lesson: A Giraffe, an Elephant and a Rhino

Goteborg 2020-11-30

P,
(C)

Hej ! GOTEBORGS
UNIVERSITET

Mitt namn dr Minna Panas och jag dr doktorand pa institutionen for biologi och miljovetenskap,
Goteborgs universitet. Mitt forskningsomréde dr naturvetenskap mot utbildningsvetenskap och
specifikt om biologisk méngfald och hur man kan arbeta med digitala verktyg. I en vérld med
ménga och 0kande hot mot den biologiska mangfalden, och minskande antal arter och
organismer blir det viktigare &n ndgonsin att 6ka véra elevers kunskaper och medvetenhet om
organismer och tillstdndet i naturen. Nu under covid19-pandemin har det ocksé blivit véldigt
tydligt att det finns ett stort behov av digitala former av besok pad museer bland annat.

I dagarna planerar jag med min handledare och pedagoger pd Goteborgs naturhistoriska
museum infor ett kommande projekt om undervisning pa distans genom live-streamade
lektioner. Det dr hédr jag skulle behdva er hjélp eftersom jag behdver inspelade live-streamade
lektioner for analys.

Vi ser att ni har bokat lektionen Vilda djur i Sverige. Jag skulle vilja, med hjélp av pedagogerna
pa Goteborgs naturhistoriska museum, spela in lektionen ni har anmalt er till. Inspelningen gors
direkt fran pedagogernas iPadskdrm och kompletteras med ljudinspelning med ljudupptagare
och dokumenterande av lektionen pd museet med filmkamera.

Din rektor och virdnadshavare behover givetvis ge sitt medgivande till inspelningen. Om ni
vill delta kommer jag att skicka ett infobrev och medgivandeformulér till vardnadshavare for
paskrift. Alla elever kommer att avidentifieras och materialet forvaras pa en krypterad harddisk
sa att ingen obehdrig kommer at den.

Om det skulle vara intressant for dig och din klass att hjilpa till med inspelningen kan du
kontakta museipedagogen xxxxxx@vgregion.se, girna senast Xxxx.

Vinliga hilsningar
Minna Panas
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Supplementary 7.

The questionnaire to the pupils was distributed after the lessons

Fragor om livestreamad lektion

Klass/ak

1.

Skola

Hur latt var det att se vad museipedagogen visade i narbild?
Svart] Ganskasvart[]  Ganskalat{]  Latt[]

Hur latt var det att se det som visades pa langt hall?
Svart] Ganskasvart[]  Ganskalat{]  Latt[]

Hur latt var det att hdra vad museipedagogen sa?
Svart[] Ganskasvart[] Ganskalatt[] Latt []

Hur latt var det att forsta vad museipedagogen sa?
Svart[] Ganskasvart[] Ganskalatt[] Latt []

A) Stallde du fragor till museipedagogen? JIOO N
B) Om du stallde fragor, hur latt var det att gora det?

Svart[] Ganskasvart[]  Ganska lat{_] Latt[]

C) Fick du stalla de frdgor du tankte p&? JO  Ne[

Hur aktiv kdnde du dig under lektionen?

Inte sd akti[_]  Lite aktiv[] Ganska aktiv[_] Mycket aktiv []

Vilka tre ord skulle bast beskriva vad du larde dig under den har lektionen?

Vilka tre ord skulle bast beskriva vad du tyckte om den har lektionen?
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9. Pavilket satt tror du att den lektion som du just upplevt ar annorlunda dn en
lektion pa museet?

10. Pa vilket satt tror du att den lektion som du just upplevt dr annorlunda dn en
lektion i skolan?

11. Beratta gdrna nagot annat om den har lektionen!

Tack for att du svarat pa fragorna!
Minna
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Supplementary 8.

The questionnaire to the schoolteacher was distributed after the lessons

Skola Larare 1 ak

1. Hur fick du reda pa att mojligheten med live-streamade lektioner finns?

2. Beskriv ditt och klassens forarbete och hur du gjorde for att skapa forvantningar
infér den live-streamade lektionen?

3. Beratta hur du upplevde férvantningen i klassen?

4. Hur latt var det att se vad museipedagogen visade i narbild?
Svart] Ganskasvart[]  Ganskalatf]  Latt[]

5. Hur latt var det att se det som visades pa langt hall?
Svart] Ganskasvart[]  Ganskalat{]  Latt[]

6. Hur latt var det att hora vad museipedagogen sa?
Svart[] Ganskasvart[] Ganskalatt[] Latt []

7. Hur latt var det att forsta vad museipedagogen sa?
Svart[] Ganskasvart[] Ganskalatt[] Latt []

8. Beskriv elevernas engagemang under lektionen jamfért med vanlig undervisning?

9. Sagdu nagra skillnader i elevernas aktivitet jamfort med en vanlig lektion?
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10.Vad larde sig dina elever?

11. Hur planerar du for fortsatt arbete efter den har lektionen?

Stort tack for att du tog dig tid och hjalpte mig med min forskning och
museipedagogerna i deras arbete!

Minnav
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Supplementary 9.
Letter to legal guardians of pupils participating in the study

Hej!

Mitt namn dr Minna Panas och jag dr doktorand pa institutionen for biologi och miljovetenskap,
Goteborgs universitet. Jag forskar om hur digitala verktyg kan anvédndas i undervisning av
véxter, djur och svampar i &k 4-6. Nu under covid19-pandemin har det blivit tydligt att det
finns ett stort behov av digitala besdk pa museer bland annat och kunskap om hur ldrande kan
ske pd distans.

Jag, mina handledare och pedagogerna pd Goteborgs naturhistoriska museum planerar ett
kommande forskningsprojekt om elevers upplevelser av livestreamade lektioner. Vi behdver
spela in livestreamade lektioner pd museet och ditt barns ldrare har bokat en livestreamad
lektion om djur. Av forskningsetiska skél behover jag ditt medgivande for att ditt barn ska
kunna delta i lektionen da filmningen sker. Lektionen goérs via Microsoft Teams och
inspelningen av det som syns péd skdrmen innefattar &ven det som spelas in frén
museipedagogens héll. De inspelade filmerna kompletteras med enkitfrdgor eleverna svarar pa
direkt efter lektionen och materialet kommer att bli grunden for min forskning om
livestreamade lektioner. Efter analysen kommer jag att skriva en vetenskaplig artikel om
resultaten.

Personskyddsinformation

Inspelningen kommer att f6lja riktlinjerna i Dataskyddsférordningen (GDPR, 2016/6791).
Ansikten och eventuella namn kommer att avanonymiseras innan jag borjar analysera
inspelningen. Deltagandet &r frivilligt och du som medverkande kan nér som helst vélja att
avbryta deltagandet utan att ange nagot skél. Samtycke att delta gors pa nésta sida.

Har ni nagra frgor dr ni vilkomna att hora av er till mig (enligt kontaktinformation nedan),
alternativt till mina handledare pa Goteborgs universitet och Hogskolan i Borés.

Minna Panas Mats Andersson Institutionen for biologi och miljovetenskap
Doktorand Handledare Botanhuset
Goteborgs Universitet Goteborgs Universitet Carl Skottsbergs gata 22B, Box 461

minna.panas@bioenv.gu.se  mats.andersson@bioenv.gu.se 413 19 Goteborg, Telefon: 031-786 00 00

Maria Ferlin Hogskolan i Borés
Handledare Allégatan 1
Hogskolan i Boras 501 90 Boras
Maria.ferlin@hb.se Telefon: 070-185 64 68
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Supplementary 10

Fragor till liraren om livestreamad lektion

Skola Lérare 1 ak

1. Hur fick du reda pa att mojligheten med livestreamade lektioner finns?

2. Beskriv ditt och klassens forarbete och hur du gjorde for att skapa forvantningar
infér den livestreamade lektionen?

3. Beratta hur du upplevde férvantningen i klassen?

4. Hur latt var det att se vad museipedagogen visade i narbild?
Svart] Ganskasvart[]  Ganskalatf{]  Latt[]

5. Hur latt var det att se det som visades pa langt hall?
Svart] Ganskasvart[]  Ganskalatf]  Latt[]

6. Hur latt var det att hora vad museipedagogen sa?
Svart[] Ganskasvart[] Ganskalatt[] Latt []

7. Hur latt var det att forsta vad museipedagogen sa?
Svart[] Ganskasvart[] Ganskalatt[] Latt []

8. Beskriv elevernas engagemang under lektionen jamfért med vanlig undervisning?
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9. Sagdu nagra skillnader i elevernas aktivitet jamfort med en vanlig lektion?

10.Vad larde sig dina elever?

11. Hur planerar du for fortsatt arbete efter den har lektionen?

Stort tack for att du tog dig tid och hjalpte mig med min forskning och
museipedagogerna i deras arbete!

Minnav
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Supplementary 11

Fragor till GNM-pedagoger om erfarenheter fran HT 2020 kring streamade lektioner

1.

10.
11.

Ser ni skillnader mellan vanliga och streamade lektioner? Arskurser, skolor,
klasser, orter?

Hur blir kontakten med en grupp pa avstand? Skiljer sig fran vanliga klassbesok?
Vilken roll spelar elevens forvantan infor en lektion? Tar elever till sig avinnehallet
pa olika satt beroende pa vilka forvantningar de har? Ar skillnad p& yngre och
aldre elever?

Kan man bygga upp forvantan infor ett vanligt museibesok/en streamad lektion?
Ska man bygga upp en forvantan? Hur bygger man upp en forvantan infor ett
besdk? Lararen/pedagogen/eleven?

Ser ni nagon skillnad pa vad slags fragor elever staller beroende pa om det ar
lararen som bestadmmer turordningen eller pedagogen?

Kan man se ifall det finns skillnad pa vem som far svara beroende pa om det
lararen eller pedagogen som bestdmmer turgivningsordningen?

Under en vanlig lektion bestammer ni pedagoger vem som far ordet och i vilken
ordning. Kan man se pa elevens kroppssprak vem som har en angelagen fraga
eller hur bestammer man turgivandet?

Hur ser forberedelserna /efterarbetet ut infér en streamad lektion? For er
pedagoger/lararens med klassen? Vet ni ndgot om klassernas arbete fore/efter en
streamad lektion?

Ser ni nagon skillnad i hur ni kan tilldmpa er pedagogiska idé om elevens
mojligheter att styra lektionens innehall? Kan man skapa samma fascination for
djuren genom streamade lektioner som under vanliga?

Finns det nagra typiska fragor som eleverna staller om djuren?

Kan man stalla samma slags fragor beroende pa vilka lektionstyp (pa
plats/streamad)?

12. Varfor blir era lektioner bokade?
13. Varfor ar lektioner 30 min langa?

14.

Ser ni skillnader i teknisk kvalitet hos klassen som deltar i streamade lektioner?

15. Varfor vill ni fortsatta med streamade lektioner? Vilka fordelar ser ni?
16. Annat som ni upptack som ar intressant kring streamade lektioner?

//Minna
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