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A growing interest has been directed toward including a
fourth dimension in the engagement construct: the social di-
mension. The aim of this study is twofold: first, to explore
how teachers talk about the social dimension of student en-
gagement in online learning, and second, to explore the pos-
sibilities of using computational methods for interview data
analysis. A longitudinal intervention (interview-diary-inter-
view) was conducted with teachers who actively teach on-
line classes in hybrid, remote, and distance modes of deliv-
ery. Natural language processing methods, more specifically
topic modelling, were used to extract and analyse topics dis-
cussed in the data. Analysis of topic overlap and distinctions
were made. Key results reveal that co-creation and shared
cognition are core concepts when teachers talk about social
engagement. However, results also show that individual en-
gagement is critical for social engagement, and that teacher-
student interaction can, potentially, be viewed as a separate
component. Interestingly, the teachers’ talk also reflected
phases in learning such as process and product-based focuses.
Following the results, we suggest that computational methods
can be combined with traditional (human) analysis to contrib-
ute to a richer and more nuanced understanding of abstract
topics. Understanding social engagement may inform theory
development and is vital for researchers, practitioners, and
decision-makers.

Keywords: social engagement; computational methods; online
education
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INTRODUCTION

The 2000s will probably be seen as a major turning point in digitalisa-
tion. What can be done digitally is continuously replaced with new and im-
proved digital communication and interaction. That teachers and students
can be co-located and online using video conferencing systems has created
opportunities to adapt the teaching to the needs of different students across
K-12 and adult education (Bergdahl, 2022a; Buechler et al., 2020; Lu &
Churchill, 2014). The shift from co-located to online learning affects how
teachers can understand and support student engagement in general and so-
cial engagement in particular (Bond et al., 2021). The online conditions for
social presence, belonging, and interaction influence the possibility of estab-
lishing relationships with peers and teachers (Borup et al., 2020; Jan & Vla-
chopoulos, 2018) and learning outcomes (Hostetter & Busch, 2013). Work-
ing toward a general theory of engagement, Johnston (2018) concluded that
“the transfer of engagement attributes from individual to social level is not
well understood, as social influences have the potential to transform attri-
butes of engagement through social processes” (p. 19). However, this ac-
counts for a more general approach toward social engagement. It has also
been pointed out that research on student engagement online is lacking in
general (Martin et al., 2020; Zhang et al., 2020) and in the particular, for
example, research exploring the interdependence and overlap between di-
mensions of engagement and social engagement (Philp & Duchesne, 2016).
Such insights are critical as student engagement online is communicated
and perceived differently than in the physical classroom (Bergdahl, 2022a,
b; Martin et al., 2020), and students who enrol with distance education may
have done so due to previously being disengaged with school, or for social
reasons (Bergdahl, 2022b).

Student engagement, which we generally refer to as engagement in the
present study, is commonly viewed as a multi-dimensional construct. In
2004, the most common conceptualisations of engagement included a be-
havioural, an emotional, and a cognitive dimension (Fredricks et al. 2004),
with the adoption of a four-dimensional conceptualisation gaining inter-
est (e.g., Fredricks et al. 2016; Fredricks et al. 2019; Bowden et al., 2021;
Wang et al. 2017; Wang & Kang, 2006). As engagement traditionally has
been treated as a three-dimensional construct, with the social dimension of
engagement being suggested only in the more recent years (Fredricks et al.
2019), the phenomenon is less explored and less applied than the other en-
gagement dimensions. Studies that examine how teachers conceptualise, un-
derstand, and talk about student engagement can inform the field (Zyngier,
2008). Such approach is particularly critical to advancing the understand-
ing of social engagement (Fredricks et al., 2016). Moreover, exploring how
teachers talk about engagement online is vital, as this may inform measures
that make sense to practitioners (ibid.). Against this background, the follow-
ing research questions are raised:
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RQ 1: How do teachers frame the social dimension of student engagement in
online learning in their talk at the beginning and the end of an intervention?

RQ 2: How can computational methods support interview data analysis?

The aim, methodologically, is to explore the possibilities of using such natural
language processing methods in analysing textual interview data.

BACKGROUND

The social dimension of engagement

Engagement is closely related to student achievement, school success,
and general wellbeing (Fredricks et al., 2004; Wang & Hofkens, 2019;
Wang et al., 2017) and is included in national standards for quality online
learning (National Standards for Quality, 2019).Engagement in learning can
be conceptualised as a multi-dimensional construct with four dimensions:
a behavioural, an emotional, a cognitive, and a social (Wang et al. 2017).
The behavioural dimension would include students’ proactive behaviours
to support learning. The emotional dimension: students’ feelings and accep-
tance of the teacher’s instruction. The cognitive dimension: students’ self-
regulative abilities, concentration, and higher cognitive functions. The so-
cial dimension relates to students’ communication, interaction, and sense of
support and inclusion in academically oriented learning activities (Bond &
Bergdahl, 2022; Wang et al., 2017). The engagement dimensions are over-
lapping and interdependent. For example, a student may approach a teach-
er and talk about an everyday experience, and the teacher may reply and
connect the topic to the intended subject of learning. In this case, the in-
teraction fills two purposes: it is relationship building, and the dialogue in-
stigates learning. While Stahl (2006) proposes that learning is dialectic and
that there is a relationship between individual and social knowledge-build-
ing, general social engagement may not always be directed toward learn-
ing and may thus not be cognitively challenging or promote learning (Lu, &
Churchill, 2014).

On the other hand, students with social anxiety are still learning in a so-
cial situation, even though their social engagement (i.e., co-creation, col-
laboration, interaction) is inactive (Bergdahl, 2022a). While engagement
is influenced by teacher leadership, efficacy, managing of engagement and
disengagement, educational mode, and resources (Bergdahl & Bond, 2021),
aspects of friendship and safety are also important for the student’s social
engagement in learning (Panadero & Jérveld, 2015). Despite the importance
of the social dimension, it has been identified as an under-researched area
(Cobb, 1994, Hadwin & Jarveld, 2011) and is not widely included in the
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conceptualisation of engagement (Henrie et al., 2015). Research reveals
that social engagement in learning includes a range of indicators, interac-
tion, reflection, and collaborative learning activities and not only individual
knowledge building, but the conceptualisation does not always differentiate
between internal and external facilitators and indicators that reflect socially

constructed activities (see Table 1).

Table 1

Social engagement in learning

Authors

Theoretical
foundation

Suggested indicators /facilitators

Bond & Bergdahl, 2022

Social dimension of
engagement

Collaborating and interacting with teacher and peers, shared
knowledge building, asking for help and caring for others.

Bowden et al. 2021

Engagement theory

A student’s positive social, cognitive, emotional, and behavioural
investments made when interacting with their tertiary institution and its
focal agents (such as peers, employees and the institution itself)

Finn & Zimmer, 2012

Social dimension of

The quality of interactions with peers around instructional content.

engagement
Lu & Churchill, 2014 Constructivist theory | Being active in interacting with others, sharing ideas and collaborating
on learning tasks for the purpose of co-constructing knowledge;
feeling a sense of learning community.
Wang & Kang, 2006 The “MM” Model: Personal attributes, learner’s social-cultural context, community-
Cybergogy for building, and communication.
Engaged Learning

Waters & Gasson, 2006

Community of inquiry,
Ccol

Interaction, collaboration, debate, negotiation, cooperation, social
loafing

One challenge in facilitating online engagement is that the conditions for
online teaching differ from teaching in a traditional classroom. Furthermore,
as students’ engagement is affected by the context, the digital conditions
need to be included to inform practitioners with digital tools and resources
(Bergdahl et al., 2020; Halverson, 2016). Disengagement from learning can
be reflected as withdrawal, lack of effort and focus, boredom, or maladap-
tive behaviours (Fredricks et al., 2004; Halverson, 2016; Wang et al., 2017).
Furthermore, disengagement may trigger a downward spiral, in which tru-
ancy escalates into absenteeism, which may lead to drop out. Indicators of
social disengagement have been found to have a stronger explanation val-
ue than indicators in the other engagement and disengagement dimensions
(Bergdahl et al., 2020). While students can make decisions that influence
their social engagement, these are not always the best for their engagement.
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For example, students often choose peers with the same level of engage-
ment as themselves, meaning that peer or group dynamics can promote en-
gagement in or disengagement from learning (Grenborg, 2013).

A sociocultural perspective on engagement

A sociocultural approach holds that individual activities are socially
situated and that there is reciprocity between context and actions and reac-
tions of the student, which affect engagement (Hickey & Granade, 2004).
Two central ideas in sociocultural theory, as proposed by Russian philoso-
pher Vygotsky, are the zone of proximal development (ZDP) and the use
of a more knowledgeable other (MKO) to support learning (Vygotsky,
1978). With ZPD, Vygotsky suggested that the entry-level (of a subject to
be mastered) should be placed at the ceiling of student understanding. Vy-
gotsky visualised a student who received just enough support (by an MKO)
to gain new levels of understanding and emphasised interaction, language,
and scaffolding to enable such outcomes (ibid.). Indeed, it is hard to imag-
ine any engagement emerging in a vacuum (Kahu, 2013; Quin, 2017). Even
though social cognitive tenants may be approached as individual aspects of
learning, they may also be approached using sociocultural theory (Hickey &
Granade, 2004). At the same time: learning itself is socially situated (e.g.,
Lave, 2009; Viberts & Shields, 2003).

Individuals signal who they are in social situations and connect to each
other and the teacher. “An individual level of engagement is often posi-
tioned within a binary relationship, while at a social level, engagement is
represented as a dynamic social process involving influences and outcomes”
(Johnston, 2018, pp. 19-20). Does that mean that there is no social engage-
ment in learning? Traditional cognitive theory separates the mind from the
surrounding world (Lave, 2009). In a learning setting, interactions and dia-
logues may reflect a general school engagement, but these may not reflect
academic engagement, i.e., engagement in learning. Thus, learning takes
place in a social setting, in which there are verbal and non-verbal interac-
tions. Vygotsky (1978) emphasised that shared knowledge develops through
collaboration, communication, and activity. Separating social engagement in
learning from general social engagement is important if the aim is to under-
stand the social dimension of the “engagement-in-learning-construct”. Ef-
forts have been made to disseminate how engagement can be approached
at different levels (Bond & Bendelier, 2019; Symonds et al., 2019). For ex-
ample, Wang and Hofkens (2019) found that engagement directed toward
learning (i.e. academic engagement) and general school engagement (i.e.,
after-school engagement) would influence each other and academic achieve-
ment. Other scholars have explored how engagement is influenced by
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interactions and the environment (Bergdahl & Bond, 2021; Wang et al.,
2019) and how intra-and interrelated dynamics within the engagement and
disengagement constructs influence each other and co-occur (Bergdahl,
2022a). Such approaches contribute to understanding how sociocultural fac-
tors may foster engagement or trigger disengagement.

Knowledge building and engagement

A constructivist approach holds that a student can progress further with
a more knowledgeable other than s/he could alone (Scardamalia & Bereiter,
2010). Such social interaction is not general but aims to support knowledge
building and progression. Introducing the term knowledge building (Scar-
damalia & Bereiter, 1994), their research sought to advance the understand-
ing of knowledge building as a construct that relates to intentional knowl-
edge creation and construction to serve a community (Scardamalia & Bere-
iter, 2010). Expanding on their ideas, Paavola et al. (2004) proposed three
metaphors for learning where commonalities in different approaches were
identified to assert that a social process is key for knowledge-creation as
“social interaction provides essential cognitive resources for human cogni-
tive accomplishment” (p. 546) which is also in line with Vygotsky (1978).
Through the three metaphors, learning can be characterised as 1) knowledge
acquisition, 2) social participation, and 3) knowledge creation through pro-
cesses requiring gradually deepening individual, social, and artefact-mediat-
ed engagement in learning. Paavola et al. (2004) continue by describing the
iterative nature of knowledge building and progression; and how learning
evolves through several attempts to process and master a subject. They con-
clude that when two students share partial ideas, the social interaction sup-
ports their collective understanding. A part of the relation to sociocultural
theory and constructivism, this approach can be linked to learning theories
on process-oriented, and product-based learning, where process-oriented ap-
proaches can support gradual improvement in, for example, writing skills
(Sarhady, 2015), and a product-oriented approach can support (for example)
theoretical and practical understanding (Hidayat, 2017). Both approaches
can be adopted at different phases in learning, depending on the subject
and purpose. Regardless of the approach, there is an implicit expectancy of
qualitative social interaction embedded in the learning context (Allen et al.,
2011). It is here that social engagement in learning becomes fundamental.

Engagement dimensions overlap and are interdependent, but it remains
unclear how they overlap (Pekrun & Linnenbrink-Garcia, 2012; Philp
& Duchesne, 2016) or how they can be understood in different phases of
knowledge building. To move toward this direction, this paper explores how
teachers frame social engagement based on their experiences and observa-
tions of students in online learning and further examines how these concep-
tualisations overlap and differ.
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METHODOLOGY

Methodological approach

This study adopted an exploratory, investigative, and longitudinal Mixed
Methods study (Creswell & Clark, 2011) on how teachers reflected on how
learners are interacting with online learning. The study was designed as fol-
lows: an in-depth starting interview was followed by two to three weeks of
diary reflections on engagement in online learning, and a second follow-up
interview where teachers expressed their understanding of learner engage-
ment. The data were interpreted using a phenomenographic approach (Han
& Ellis, 2019) in combination with a Natural Language Processing meth-
ods and topic modelling (Griin & Hornik, 2011). The methodological en-
semble employed here can be characterised as computational phenomenog-
raphy. More precisely, a typical iterative process (e.g., Han & Ellis, 2019) of
a phenomenographic approach was conducted supported by computational
methods to identify description categories, searching for collective mean-
ing across the corpus as well as examining the interrelations and distinctive
elements of the identified description categories instead of merely present-
ing them descriptively. Research has identified challenges related to large-
scale qualitative data and a need for techniques to visualise and interpret
broader-scale observations and interviews (Cao et al., 2011). In addition to
the research questions, this study undertakes a methodological exercise in
utilising computational techniques to analyse interview data supported by a
human reading of the data. These methods can be further expanded to larger
data corpora, analysis of which is beyond reasonable human effort. More-
over, computational data-driven analyses can be used to triangulate human
coding and reveal patterns that may remain undiscovered in manual analy-
sis.

Participants and context

Purposive sampling was employed (Denscombe, 2014). The study was
conducted within a research and development program in Sweden, where
dedicated teachers and principals from eight municipalities were involved.
From these municipalities, twelve teachers agreed to participate in the study
(see Table 2).
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Table 2
Participant background data

Bergdahl and Hietajarvi

e Supget SED S rom O e L1 PLE
Female gggglhcaa’;g Seggﬁg;ry 3 Remote 26 413 83 45 128
Female I;er;%gs Elementary 22 Remote 8 43 48 30 78
Female | ai(;rue;%r; s Elementary 10 Remote 9 4/3 57 45 102
Male lgﬂsatgﬁ;?és . eggﬁg;ry 23 Hybrid 7 43 45 40 85
Female Iarl\wlgﬂ\;ze seggr?g;ry 5 Remote 3 3/3 90 35 125
Female ST?;#;ZIS o dﬁg;tliton 35 Distance 10 4/3 62 60 122
Male Sﬁfgﬁgz's Elementary 20 Hybrid 16 403 75 35 110
Male sggﬁ'c"‘;s . dﬁg;‘t'iton 14 Distance 21 43 70 45 115
Male Psychology e‘égﬁg; y 13 Hybrid 15 42 57 48 105
Female Ii'r”:’;f;zhe cooPper y 25 Distnce 8 43 68 3 100
Female Social Upper 15 Distance 6 42 48 32 80
sclences secondary
Female Iai‘;’jégggs seggﬁg;ry 16 Distance 13 33 77 55 132
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Following Barbour (2018) we define remote education as supplemental to
online learning, where students are “enrolled in a brick-and-mortar school
but take one or more courses from an online provider to supplement their
face-to-face learning” (p. 25). In remote education, students are co-located
in one (or more) classrooms with a tutor who facilitates synchronous inter-
action with the remote teacher. We use the concept of distance education
to describe synchronous or asynchronous modes of distribution of teach-
ing and learning that takes place when the students participate in a planned
learning activity separated from their teachers (Rumble, 2019) and peers
and participate from another place than the school. Finally, hybrid education
refers to teaching on-site and online students simultaneously (Raes, 2019).

Data collection and analysis

Interview data and diaries were collected over three months (February-
April 2021). To explore how teachers frame the social dimension, we ana-
lysed the two data sets from this perspective as follows. All interviews (n=
24) were recorded using Zoom, making up a total of 21.5 hours (1045 min-
utes) which were subsequently transcribed. Using Content Analysis (Gil-
bert et al., 2014), the data were coded using the lens of social engagement,
where sections of meaning were used as the unit of analysis (Yin, 2014).
The identified sections were extracted into two document-term matrices.

The document-term-matrix for dataset 1 consisted of 12 documents (1
for each participant) and 4442 terms, of which 1054 were unique, and spar-
sity was 83%. The document-term-matrix for dataset 2 consisted of 12 doc-
uments (1 for each participant) and 1231 terms, of which 472 were unique.
Sparsity was 85% (the full matrices in the original language can be down-
loaded from https://osf.io/Suw9k/?view_only=edd78c6267ba498f969{67a0
78abbc2c along with code). Then, the data analysis was approached using
computational natural language processing methods following a tidy text
mining approach (Silge & Robinson, 2017). The analyses were conducted
using R programming language (R Core Team, 2021) and Rstudio (Rstudio
Team, 2021). The main packages utilised were ‘tidytext’ (Silge & Robin-
son, 2016), ‘udpipe’ (Wijffels, 2021), ‘topicmodels’ (Griin & Hornik, 2011),
‘ldatuning’ (Murzintcev, 2020) as well as supporting packages from the ‘ti-
dyverse’ -collection (Wickham et al. 2019).

Following a typical process of text data analysis, we first tokenised the
data into single terms by row and lemmatised the terms using lemmas pro-
vided by the Swedish “Talbanken” (https://universaldependencies.org/tree-
banks/sv_talbanken/index.html) and removed common stop words utilising
pre-made dictionaries. After this, the remaining most common stop words
were listed and manually flagged to be removed utilising a manually con-
structed stop word list.
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Topic modelling is an unsupervised method to classify a set of docu-
ments to understand the content further. The topic modelling algorithm
we relied on in the present study was Latent Dirichlet Allocation (LDA,
Blei et al. 2003), which assumes that each document (here, interview seg-
ment) is a mixture of topics themselves are a mixture of terms. Thus, the
topics can overlap. While there is no gold standard for extracting the best
number of topics, we approached the topic enumeration empirically. That
is, we computed models with a varying number of topics from 1 to 10 and
examined four metrics (Arun et al. 2010; Juan et al. 2009, Deveaud et al.
2014; Griffiths & Steyvers, 2004) designed to help in deciding the “cor-
rect” number of topics utilising a ‘FindTopicsNumber” helper function from
‘ldatuning’-package (Murzintcev, 2020). After selecting the number of top-
ics to proceed the topic model was estimated, and the prevalence of the top-
ics in the data was examined utilising the gamma coefficient representing
the prevalence of each topic in the documents. In addition, the substantive
meaning of the topics was examined by exploring the top 10 terms that were
likely to be generated by each topic represented by the beta coefficient, as
well as comparing the logarithm ratio of betas between terms (with a mini-
mum probability to be generated by either of the topics of .005) in the se-
lected topics to examine their differences more closely. The analysis was
conducted in the original language; terms were translated into English for
figures only.

Qualitative interpretation of the topics was approached by triangulating
the computational findings with human understanding of the data. The anal-
ysis process was continuously discussed between the authors, and all trans-
lations of terms into English were cross-checked. The authors revisited the
dataset to clarify a term’s meaning (see Appendix A). For example, when
the translation was unclear, e.g., the term “klara” (dataset 1) could have
different meanings (i.e., able to do a task, having completed a task), or the
context was unclear, e.g., “programming” (dataset 2). We then repeated the
analysis procedure for the second dataset (Sample 2) that was collected after
the intervention to examine the topics reflected by the teacher posterior to
the intervention. Finally, the authors linked the topics to social engagement
aspects as described in teachers’ lived experiences.
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RESULTS

Teachers’ conceptualisation of social engagement prior to the intervention

To examine teachers’ conceptualisation of social engagement prior to the
intervention, we first estimated topic models for dataset 1. The metrics (see
Figure 1) suggested by Juan et al. (2009) and Deveaud et al. (2014) propose
that a six-topic model could be used to sufficiently explain the data, whereas
the other metrics were uninformative. We decided to proceed with six topics.

o
minimize

metrics:

®  Grifiths2004
A CaoJuan2009
100 B Aun2010
+ Deveaud2014

=
maximize

6
number of topics

Figure 1. Dataset 1: Results plotted from the ‘FindTopicNumber’ - helper
function.

Topics extracted

The overlap in terms between the topics is illustrated in Figure 2, and the
top terms most likely generated by each topic are illustrated in Figure 3.

When framing social engagement, the following topics were identified:
Topic 1: Teacher-student interaction; Topic 2: Peer collaboration; Topic 3:
Pro-learning behaviour; Topic 4: Student-content interaction; Topic 5: Co-
creation and shared cognition and Topic 6: Individual cognition. The most
prevalent topic based on the average gamma values across the corpus was
Peer collaboration which showed an average prevalence of ~23% of the
teachers’ descriptions. Individual cognition was the second most prevalent,
with an average gamma of ~18%. Topics 3-5 were equally prevalent with
~17% each, and Teacher-student interaction was the least prevalent with
~9%.
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T5: Co-creation and shared cognition

T4: Student - content interaction

T3: Pro-learning behavior

T2: Peer collaboration

T1: Teacher - student interaction

0.60 065 0.70 0.75 0.80
Correlation of topics based on term allocation frequency

Figure 2. Overlap of topics based on term counts.

Based on the correlation between the topics based on term counts (see
Figure 2), we conclude that the most substantial overlap in content between
topics was between Co-creation and shared cognition and Individual cogni-
tion, Pro-learning behaviour and Individual cognition, as well as Peer col-
laboration and Co-creation and shared cognition. Co-creation and shared
cognition show the strongest correlation with individual cognition and Peer-
collaboration; results suggest that it is a core concept when approaching
social engagement. Social engagement seems to build extensively on both
Peer collaboration and Individual cognition. Unsurprisingly, Co-creation
and shared cognition require individuals to be cognitively engaged. On the
other hand, Peer collaboration alone may be insufficient to capture social
engagement as cognitive elements are needed. The second highest correla-
tions were found between Pro-learning behaviour and Individual cognition.
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This supports the previous indication: that individual engagement is criti-
cal for social engagement. Teacher-student interaction has the least overlap.
This suggests that when we try to construct the experience of social engage-
ment, Teacher-student interaction can be viewed as a separate component.
This is logical as it focuses more on the teacher’s work than on students’
social engagement in learning.

T1: Teacher - student interaction T2: Peer collaboration T3: Pro-learning behaviour
£ 000 001 002 003 004 0.00 0.02 004 006 000 001 002 003 004
O
= T4: Student - content interaction T5: Co-creation and shared cognition T6: Individual cognition
student | [ school student
school 1 [—
writing | I student school
task 1 N group knowing
talking 1 I thinking thinking
group{ NN
contact{ N lesson asking
lesson | [N knowing lesson
participating | - [N
thinking | I talling answering
engaging | [ wanting wanting
each other | I engagement task
concept{ [N
asking | [ asking working
000 0.02 004 000 002 004 006 008 000 002 004 006  00€

Probability to be generated by topic

Figure 3. Dataset 1: Top terms generated by each topic related to social
engagement in learning.

All topics focused on the student (‘student’ was the most common term,
see Fig 3). The second most prevalent term (for topics 2-5) was ‘school.’
This serves as ecological validity: the teachers were talking about student
social engagement in the school context. Stating the most common terms
first, Teacher-student interaction contained interactive terms such as ‘ask-
ing,” ‘contact,” and ‘writing’ and reflected activities of connectivity between
teacher and students. Peer collaboration included terms like: ‘willingness’
and ‘participation’ linked to group activities: ‘group,” ‘wanting to,” ‘talk-
ing,” ‘knowing,” and ‘thinking.” In Pro-learning behaviour, the most com-
mon terms were action verbs and contextual terms that signal engagement
in learning: ‘asking,” ‘wanting,” ‘working,” and ‘lesson.” Student-content
interaction, on the other hand, may reflect a more traditional understand-
ing of learning at school where students focus on mastering a subject, with
terms like ‘writing,” ‘task,” ‘talking,” ‘group,” ‘contact,” ‘lesson,” and ‘partic-
ipating.” Surprisingly, teachers framed social engagement as individual and
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shared cognition. For example, in topic 5: Co-creation and shared cognition,
teachers use terms like: ‘group,” ‘thinking,” ‘lesson,” ‘wanting,” ‘knowing,’
and ‘asking.” In topic 6, the most common terms are related to Individu-
al cognition: ‘knowing,” ‘thinking,” ‘asking,” ‘lesson’ (without mention of
peer-group), further underlining the close relationship between shared and
individual cognition and social engagement. While figure 3 reflects the
potential reciprocity between the six aspects of social engagement, it also
provides initial insights into the overlap between engagement dimensions,
which was explored further.

Topic comparison

As some topics are semantically related and overlapping (see also Figure
2), these were further analysed in pairs to examine which term differentiated
the topics most.

experiencing
working
playing

answer -

stages |
discussing |
building
contact Log?2 ratio
5.0

task -

moment 25

fun4 0.0
material { 25

problem {

I
[—
disengagement 1

chat

participating

5.0 25 0.0 25 5.0
T2: Peer collaboration vs. T5: Co-creation and shared cognition

Figure 4. Dataset 1: Log2 beta ratio of terms between Topic 2 and 5. Nega-
tive values indicate that the term is more likely to be generated by the topic
“Peer collaboration.” Positive values indicate that the term is more likely to
be created by the topic “Co-creation and shared cognition.”

For this purpose, Peer Collaboration was contrasted with Co-creation
and shared cognition; Pro-learning behaviour was contrasted against In-
dividual cognition, and Co-creation and shared cognition was contrasted
against Individual cognition. Figure 4 reveals the relation between Peer
Collaboration, Co-creation, and shared cognition. When discussing
Peer Collaboration, teachers were more likely to include terms like:
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‘experiencing,” ‘working,” and ‘playing’ than when discussing Co-creation
and shared cognition. When addressing Co-creation and shared cognition,
the terms’ participating’, ‘chatting,” ‘engaging,” and ‘disengagement’ were
more likely to be used.

teaching
each other
explaining
oniine
readiness
checking
person
digital Log2 ratio

50

preparing

testing 25

answering . 0o
knowing I 25
distance 50

camera
challenge
choosing
mobile
sharing
participating

presentation

50 P

®
o

00 25 50
T3: Pro-learning behaviour vs. T6: Individual cognition

Figure 5. Dataset 1: Log2 beta ratio of terms between Topic 3 and 6. Nega-
tive values indicate that the term is more likely to be generated by the topic
“Pro-learning behaviour.” Positive values indicate that the term is more
likely to be created by the topic “Individual cognition.”

Figure 5 reflects the relation between Pro-learning behaviour and Indi-
vidual cognition. Interestingly, both are related to individual activities and
factors and are largely overlapping regarding the most common terms,
which is why the comparison is particularly interesting. Considering the dif-
ferences, when teachers framed Pro-learning behaviour, they used a higher
frequency of terms like ‘teaching,” ‘each other,” ‘explaining,” ‘readiness,’
and ‘checking.” Individual cognition was more likely than Pro-learning be-
haviour to be framed using terms like ‘presentation,” ‘participating,” ‘chal-
lenge’ and (referring to learning via a video conference application:) ‘cam-
era,” ‘distance’ (referring to distance education), followed by ‘knowing’ and
‘answering.” Together these reflect interdependent factors where digital re-
sources, teacher instruction, and individual choice of actions all are related
to pro-learning behaviours needed online, which may be a foundation for
collaborative aspects of social engagement online.
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Figure 6. Dataset 1: Log2 beta ratio of terms between Topic 5 and 6. Nega-
tive values indicate that the term is more likely to be generated by the topic
“Co-creation and shared cognition.” Positive values indicate that the term is
more likely to be created by the topic “Individual cognition.”

When comparing co-creation and shared cognition and Individual cog-
nition, the terms that were more likely to be generated from a discussion
around Co-creation and shared cognition were related to ‘helping,” ‘partici-
pating,” having ‘fun,” and being ‘engaged’ as well as ‘creating.’ In turn, the
terms that differentiated Individual cognition from Co-creation and shared
cognition were ‘presentation,” ‘noticing,” ‘telling,” ‘venturing,” and ‘initiat-
ing’, all reflecting individual aspects of learning and engagement.

Teacher discovery process

The intervention was longitudinal as it followed an interview- di-
ary- interview design, which allowed several weeks for diary writing and
reflections on student engagement in learning. To assist teachers’ focus on
engagement, a pre-printed diary was handed out in which the teachers re-
flected on their students’ engagement in online learning. A first analysis of
the data (published in Bergdahl, 2022b) revealed changes in how teachers
talked about students’ online engagement during the intervention: that most
of the teachers increased the use of term engagement between the first and
second interviews and decreased their use of related constructs, such as mo-
tivation. This indicated a process in which teachers moved from describing
what engagement is to describing temporal phases of the learning process.
Following this hypothesis, we approached dataset 2.
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Teachers’ conceptualisation of social engagement after the intervention

The topic modelling process was repeated for dataset 2 using the same
analytic approach to examine the teachers’ conceptualisation of social en-
gagement after the intervention. We selected two topics, (see Figure 7).
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Figure 7. Dataset 2: Results plotted from the ‘FindTopicNumber’ - helper
function.
Topics extracted

The top terms most likely generated by each topic in dataset 2 are illus-
trated in Figure 6.
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The topics were equally prevalent. The correlation between the topics
was modest at .40. Analysis of the topics identified from the second data-
set collected after the intervention revealed that Topic 1 reflected Process-
oriented learning with a focus on terms like: ‘active,” ‘lesson,” ‘asking,’
and ‘each other. In turn, Topic 2 seemed to reflect talk centring more on
Product-based learning, with terms like ‘trying,” ‘engagement,” ‘wanting,’
‘asking.” However, the most common terms in both topics were student and
school.
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Figure 9. Dataset 2: Log2 beta ratio of terms between Topics 1 and 2. Nega-
tive values indicate that the term is more likely to be generated by topic 1,
Process-oriented learning. Positive values indicate that the term is more
likely to be created by the second topic: Product-based learning.

Comparing these two topics with the logarithmic ratio of beta (Figure 9)
indicated that after the intervention, when teachers described social engage-
ment, it was more likely that terms like ‘learning,” ‘inquiry,” ‘experiencing’
were generated from the process-oriented topic than in product-based topic.
In the Product-based topic, terms like ‘knowing,” ‘solving,” ‘arrangement,’
and ‘clear’ stood out. We refer to these as temporal phases as it is likely that
learning activities focus on theoretical knowledge and production at different
phases of learning, even though they may be parallel, sequential, or logically
ordered. Thus, the second dataset reveals a shift in teachers’ talk about social
engagement towards a micro-level of temporal phases of the learning pro-
cess. Further, the term that differentiated the Process-oriented topic from the
Product-based topic the most was, somewhat surprising, ‘programming.” In
Sweden, there has been a recent surge in programming in schools.
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“I work with programming in the subject of Technology be-
cause many students are interested in video games. I found
Scratch from the Internet foundation and other teachers’ vid-
eos on YouTube. [Using them] the students can engage in self-
study, and I can also learn because I do not master program-
ming /.../This is something that they [the students] get caught
up in, and actually work with.” (ID: G2)

Several teachers mentioned programming as an example of a learning ac-
tivity where the teacher and students, in parallel, were trying to understand
and develop their know-how. Programming skills can be related to writing
skills, as both may reflect progression processes.

In conclusion, based on the topics identified after the intervention, it
seems that the social dimension of engagement is here, both depicted as a
shared process of searching for mutual understanding (through listening,
experiencing, enquiring, answering) and as arriving at a product, such as
‘solving’ or ‘knowing.” As such, we find that the Process-oriented topic is
more linked to procedural knowledge as the teachers’ talk generated from
the topic reflected terms related to facilitating processes (how), whereas the
talk generated by the Product-based topic reflected declarative knowledge
as the terms were more linked to facilitating knowing (what) (cf. Ennis,
1994).

How did the teachers describe social engagement at the intervention’s
beginning and end?

We identified six topics from the first set of teachers’ descriptions of stu-
dent engagement in the distance-, remote- and hybrid learning: 1) Teach-
er-student interaction, 2) Peer collaboration, 3) Pro-learning behaviour, 4)
Student-content interaction, 5) Co-creation and shared cognition, and 6) In-
dividual cognition. While the teachers’ work characterised teacher-student
interaction, the other topics reflect different aspects of learning. As such, the
data reflect both traditional and emerging approaches to teaching and learn-
ing. For example, we found that Pro-learning behaviour and Student-content
interaction reflect what is typically associated with elementary (and tradi-
tional) elements of learning, where a student focuses on the topic at hand
and exerts the effort to master that topic. In the second dataset, collected at
the end of the intervention, the teachers framed social engagement in more
nuanced ways, using concepts reflecting different temporal aspects of social
engagement and focusing on the intertwined dynamics of process and prod-
uct in learning. As digitalisation has evolved, new ways of facilitating inter-
action, social presence, collaboration, and even creation have emerged. The
intentional design to facilitate social engagement can be reflected in Peer
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collaboration and Co-creation and (individual and shared) cognition and can
be linked to theories of social engagement that highlight the necessity of in-
teraction, collaboration, and (Bond & Bergdahl, 2022; Finn & Zimmer, 2012,
Lu & Churchill, 2014; Wang & Kang, 2006). Overall, the topics identified
from the first dataset showed a more scattered set of differently overlapping
descriptions of student activity and engagement in distance-, remote- and hy-
brid learning. In contrast, the second dataset painted a more coherent picture
of two conceptually and empirically related aspects of social engagement,
and by suggesting temporal phases of social engagement.

DISCUSSION

Linking findings to learning theory and engagement theory

Results reveal that teachers, when discussing their experiences of stu-
dents’ activities in distance-, remote- and hybrid learning, initially framed
social engagement as teacher-student and student-content interaction, peer-
peer collaboration, co-creation, shared and individual cognition, and pro-
learning behaviour. These findings suggest that there are several compo-
nents to social engagement and that teachers frame social engagement as a
phenomenon including both shared and individual engagement components.
Interestingly, the results also revealed some change in the conceptualisation
as the intervention progressed: then, teachers described student engagement
in learning in more focused and nuanced ways: revealing phases in which
teachers described social engagement as shared inquiry and Process-ori-
ented learning, and knowing and solving as Product-based learning, which
in turn can be seen as facilitating both procedural and declarative parts of
knowledge building (Ennis, 1994). Instead of viewing Process-oriented and
Product-based approaches to learning as separate (Hidayat, 2017; Sarhady,
2015), we found that these approaches could be used to reflect temporal
phases of social engagement in learning.

The results reveal that teachers talked about social engagement in theo-
retically meaningful ways, relating social engagement to learning theo-
ries, especially knowledge building (Paavola, 2004; Scardamalia & Bere-
iter, 1994) and sociocultural theory (Vygotsky, 1978). It makes sense that
learning gains include process-oriented and product-based parts of knowl-
edge building. The presented results align well with the previous ideas for-
warded that when people feel aroused when participating, the experience
becomes more memorable (Pekrun & Linnenbrink-Garcia, 2012) and that
emotionally disengaged students might withdraw behaviorally from school-
work (Philp & Duchesne, 2016), that students who are bored and do their
work mechanically also are more likely to cheat and withdraw from learn-
ing activities (Fredricks et al. 2019). Thus, co-existing engagement and
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disengagement dimensions are not new, but how the social dimension can
be framed at a micro-level and how these aspects may overlap have not
been explored similarly. This study expands on previous indications which
have suggested that engagement dimensions are interdependent and overlap
(Pekrun & Linnenbrink-Garcia, 2012; Philp & Duchesne, 2016) by demon-
strating the correlation of overlap between aspects of social engagement.

CONCLUSIONS AND IMPLICATIONS

Building on interviews with teachers, this study explored the social di-
mension of engagement in online learning based on how teachers reflect-
ed their students’ engagement during online learning. Overall, the teachers
employed a multidimensional framing of social engagement. Previous lit-
erature has suggested that social engagement circulate round participation
and interaction (e.g., Lu & Churchill, 2014; Waters & Gasson, 2006) and
the quality thereof (Finn & Zimmer, 2012) and the satisfaction with how
digital technologies are used to enable inclusion, belonging and teacher-stu-
dent communication (Bergdahl et al. 2020). Our results indicate that, social
engagement incorporates both individual and collective factors and actions
as well as process- and product-oriented approaches. Further, it can be ar-
gued that facilitating social engagement is essential if learning is to expand
beyond simple knowledge acquisition toward learning as participation and
knowledge creation (Paavola et al., 2004). In line with Paavola, 2004, the
results presented here (and furthering the findings of Scardamalia & Bere-
iter, 2010), the substantive implications of the results are that focusing on
and aiming to find ways to utilise digital technologies to foster collabora-
tion, co-creation, and shared cognition are crucial when supporting teachers
to facilitate social engagement online. As has been pointed out in previous
research: how teachers use digital technologies for learning is critical to fa-
cilitating engagement (Hutain & Michinov, 2022).

The results further indicate that using computational techniques can re-
veal meaningful topics from interview data that are generally in line with a
human interpretation of the data. The use of this type of computational da-
ta-driven analyses can thus be used to triangulate human coding and reveal
patterns that may remain undiscovered in manual analysis. In future studies
the techniques applied here should be expanded to larger or multiple datas-
ets. Further studies should also consider the possibility for parallel analysis
in conjunction with human coding of parts of the data to be cross-validated
with computational results or, for instance, practical reanalysis of pre-exist-
ing multiple datasets to gain new insight.
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From a substantive point of view, more research is needed to understand
how the aspects of social engagement relate to wellbeing, retention, and
learning outcomes and if similar relations can be identified with a large-
scale sample. The results presented are a first contribution to exploring the
interdependency and overlap of indicators of social engagement extracted
from teachers’ described experiences computationally. Further research
could explore what this may mean for engagement theory development and
if strengthening students’ behavioural and cognitive engagement promotes
social engagement or is manifested as a result. Being further explored,
understanding how to design for social engagement online may support a
move from heuristic practices to intentional instruction.
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APPENDIX A
TRANSLATION
SET 1
topics1tl <- topics1 %>% term ==
mutate(term = case_when(term == term ==
“elev” ~ “student”, term ==
term == “fraga” ~ “asking”, term ==
term == “kontakt” ~ “contact”, term ==
term == “skriva” ~ “writing”, term ==
term == “lektion” ~ “lesson”, term ==
term == “skola” ~ “school”, term ==
term == “uppgift” ~ “task”, term ==
term == “ldrare” ~ “teacher”, term ==
term == “visa” ~ “showing”, term ==
term == “svar” ~ “answer”’, term ==
term == “grupp” ~ “group”, term ==
term == “vilja” ~ “wanting”, term ==
term == “prata” ~ “talking”, term ==
term == “veta” ~ “knowing”, term ==
term == “tdnka” ~ “thinking”, term ==
term == “jobba” ~ “working”, term ==
term == “handla” ~ “participating”, term ==
term == “engagera” ~ “engaging”, term ==
term == “varandra” ~ “each other”, term ==
term == “begrepp” ~ “concept”, term ==
term == “svara” ~ “answering”, term ==
term == “undervisning” ~ “teaching”, term ==
term == “engagemang” ~ “engagement”, term ==
term == “uppleva” ~ “experiencing”, term ==
term == “arbeta” ~ “working.”, term ==
term == “spela” ~ “playing”, term ==
term == “‘steg” ~ “stages”, TRUE ~
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“diskutera” ~ “discussing”,
“bygga” ~ “building”,
“rolig” ~ “fun”,

“skapa” ~ “creating”,
“lara” ~ “learning.”,
“disengagemang” ~ “disengagement”,
“chatt” ~ “chat”,
“forklara” ~ “explaining”,
“kora” ~ “readiness”,
“kolla” ~ “checking”,
“forbereda” ~ “preparing”,
“prova” ~ “testing”,
“distans” ~ “distance”,
“kamera” ~ “camera”,
“utmaning” ~ “challenge”,
“vilja” ~ “choosing”,
“mobil” ~ “mobile”,
“dela” ~ “sharing”,

“delta” ~ “participating.”,
“hjélp” ~ “help”,

“hjélpa” ~ “helping”,
“klara” ~ “ready”,

“borja” ~ “initiating”,
“lyssna” ~ “listening”,
“samtidig” ~ “simultaneous”,
“vaga” ~ “venturing”,
“beritta” ~ “telling”,
“maérka” ~ “noticing”,
as.character(term)))
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SET 2

topics2tl <- topics2 %>%

mutate (term = case_when(term ==
“elev” ~ “student”,

term == “skola” ~ “school”,

term == “aktiv” ~ “active”,

term == “lektion” ~ “lesson”,

term == “fraga” ~ “asking”,

term == “varandra” ~ “each other”,
term == “prata” ~ “talking”,

term == “jobba” ~ “working”,

term == “vilja” ~ “wanting”,

term == “larare” ~ “teacher”,

term == “forsoka” ~ “trying”,

term == “engagemang’ ~ “engagement”,
term == “tdnka” ~ “thinking”,

term == “veta” ~ “knowing”,

term == “kameran” ~ “camera”,

term == “grupp” ~ “group”,

term == “programmering” ~ “programming”’,
term == “par” ~ “pair”,

term == “ldra” ~ “learning”,

term == “hdra” ~ “listening”,

term == “svara” ~ “answering”,

term == “uppleva” ~ “experiencing”,
term == “arbete” ~ “work”,

term == “ldsa” ~ “reading”,

term == “stélla” ~ “inquire”, # stdlla fragor
term == “snabb” ~ “quick”,

term == “klara” ~ “ready”,

term == “rooms” ~ “breakout rooms”,
term == “lgsa” ~ “solving”,

term == “engagerad” ~ “engaged”,
term == “arbeta” ~ “working.”,

term == “engagera” ~ “engaging”,
term == “upplédgg” ~ “arrangement”,
term == “tydlig” ~ “clear”,

TRUE ~ as.character(term)))



