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study relates group-level video data analysis with students’ self-reported emotional experiences.
The results indicate that students’ negative emotional experiences related to the task prior to
collaborative working increase the group’s emotion regulation during the collaboration and that
negative group interactions negatively affect students’ emotional experiences after the task. The
study also shows that even though group-level regulation is more likely to change the valence of
the group’s interaction from negative to positive, regulation does not always succeed in making a
difference to the students’ overall emotional experiences.

1. Introduction

During the past two decades, the roles of affect and emotions in learning have gained increasing recognition (Boekaerts, 2007;
Pekrun & Linnenbrink-Garcia, 2014). Research on emotions in education has shown how emotions are a part of academic learning,
influencing students’ motivation, cognitive processes and academic attainment (Ainley, Corrigan, & Richardson, 2005; Assor, Kaplan,
Kanat-Maymon, & Roth, 2005; Pekrun, Frenzel, Goetz, & Perry, 2007). There is substantial research, for example, about the effects of
negative affect on learning in terms of test anxiety and students’ poor self-esteem (Ng & Lee, 2015), academic performance (Chapell
et al., 2005) and students’ motivational variables, such as self-efficacy (Pekrun, Goetz, Frenzel, Barchfeld, & Perry, 2011, 2014,
Pekrun, Goetz, Titz, & Perry, 2002; Zeidner, 1998). In turn, positive affect has been connected to cognitive and motivational en-
gagement (Helmke, 1993; Linnenbrink, 2007; Pekrun et al., 2002) and the use of adaptive regulation strategies during learning
(Boekaerts & Pekrun, 2015; Pekrun, 2006).

Despite substantial progress in depicting associations between different academic emotions and learning, research on emotions
has largely relied on exploring emotions with static measures at trait level and focusing on individual comparisons (Goetz, Sticca,
Pekrun, Murayama, & Elliot, 2016; Moeller, Ivcevic, Brackett, & White, 2018), in which their effect on learning has been considered
quite simplistically. Lately, several researchers have started to emphasise the more multifaceted role and function of affect, parti-
cularly for the learning process (Azevedo, Taub, Mudrick, Farnsworth, & Martin, 2016; Moeller et al., 2018). The areas of interest
cover, for example, the variation or fluctuation of emotional states during learning (D’Mello & Graesser, 2012; Murayama et al., 2017;
Schneider et al., 2016) and multiple or mixed emotional experiences (Moeller et al., 2018).
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Another dimension, highlighting the multifaceted role of emotions in learning, opens when we focus on different social aspects of
emotional experiences. Prior research on emotions has acknowledged the importance of the social dimension for emotional reactions
and experiences. In theories on emotions in learning, social influence is recognised as a source of certain groups of emotions. Pekrun
et al. (2002, Pekrun, 2006) classify different emotions according to whether they are aroused by internal or external causes. Shame
and pride, or envy and sympathy, for example, are inherently social in origin (Pekrun et al., 2002; Wosnitza & Volet, 2005). Albeit the
social origin, the actual physiological reactions and related cognitive appraisals are individuals’ own experiences. Accordingly, most
empirical studies focus primarily on these individual reactions, experiences and appraisals (for a review, see Boekaerts & Pekrun,
2015). Therefore, the social dimension in the ignition of emotions is rarely the focus of studies or is diminished to an external variable
to be controlled (Jarvenoja, Volet, & Jarveld, 2013; Linnenbrink-Garcia, Rogat, & Koskey, 2011). However, we argue that the role of
social aspects in how emotions are experienced and how they influence learning is more multifaceted, particularly when the focus is
on the learning contexts that are social in principle, such as collaborative learning tasks (Jarvenoja et al., 2018).

Group learning situations add a new dimension to the role of emotions in terms of learning. Socio-emotional interactions act as a
source and a context for emotional reactions and motivations for an individual (Jarvenoja & Jarveld, 2013), but also in influencing,
shaping and redirecting group members’, as well as groups’, joint emotional experiences (Nadykki, Jérveld, Kirschner, & Jarvenoja,
2014). Negative socio-emotional interactions, in particular, may hinder group learning unless they are regulated appropriately
(Bakhtiar, Webster, & Hadwin, 2018). Emotion regulation, as a part of regulated learning, is a mechanism through which the group
members can, individually and together, actively maintain, modify and change the course of socio-emotional interactions and group
members’ emotional and motivational states in order to fuel the learning process (Jarvenoja, Naykki, & Torménen, 2019).

This study aims to contribute to the ongoing discussion on the more multifaceted and fluctuating roles of emotions and affect in
learning by investigating emotions in collaborative learning through combining multiple emotional processes: individual emotional
experiences, socio-emotional interactions and group-level emotion regulation. This study explores how group-level negative socio-
emotional interactions and groups’ emotion regulation activities, which take place as a part of these interactions, contribute to and
are contributed by students’ individual emotional experiences, and how the groups succeed in changing the course of negative
interactions by engaging in group-level regulation.

2. Individual emotional experiences in social learning situations

Understanding the role of emotions, particularly in educational settings, requires comprehending their multifaceted relations to
individual experiences and attitudes as well as to the cognitive, motivational and social processes that are taking place in the given
situation (Boekaerts & Pekrun, 2015). When considering the individual characteristics of emotional processes, earlier research
supports the notion that emotions experienced as a consequence of the learning process can both hinder and accelerate present and
new learning processes (Boekaerts & Pekrun, 2015; Linnenbrink-Garcia et al., 2011). Research suggests that different emotions affect
the learning process, for example, by increasing the positive interpretation of the situation or decreasing it (Boekaerts & Pekrun,
2015; Linnenbrink, 2007; Zeidner, 1998, 2014). For example, emotions build on and are built upon the beliefs or cognitive appraisals
that individuals assign to situations in relation to their goals (Boekaerts & Pekrun, 2015; Frijda et al., 2000; Gross, 2014; Lazarus,
1991; Shuman & Scherer, 2014). Emotions also play a part in motivation for learning, how the students’ self-efficacy beliefs develop
or what types of goals these students set (Boekaerts, de Koning, & Vedder, 2010), as these beliefs are not purely cognitive judgements
but also include emotional appraisals and interpretations (Weiner, 1985).

Recent research has shed more light on the complex nature of emotional experiences, showing that emotions fluctuate throughout
the learning situation in relation to social interactions (Linnenbrink-Garcia et al., 2011), the challenges experienced (D’Mello &
Graesser, 2012; Murayama et al., 2017; Schneider et al., 2016) and the regulatory activities used (Linnenbrink-Garcia et al., 2011).
For example, according to D’Mello and Graesser (2012), during a learning situation, students’ emotional experiences can go through
various transitions, which are triggered by cognitive or other challenges. Moeller et al. (2018), in turn, show how in a single learning
situation, a learner may experience a mixture of emotions, both negative and positive, depending on the focus of those emotions.
Understanding the complexity of emotions in learning situations is essential to avoid simplified conclusions of how emotions affect
the learning process and its outcomes (Moeller et al., 2018).

When learning becomes a social process, even more aspects contribute to the emotional experiences of the individual. In group
interactions, socio-emotional experiences of group members and the interpretations they give to the interactions frame the unique
group dynamics and situational motivation during group learning (Jarvenoja et al., 2013; Rogat & Adams-Wiggins, 2014). During
group interactions, negative affects of the participants have been connected to less productive group interactions, such as social
loafing and disengagement (Zschocke, Wosnitza, & Biirger, 2015). Negative affect, being strong and persistent, has resulted in lower
performance and satisfaction, resulting at worst in detrimental outcomes of group learning (Bakhtiar et al., 2018; Chiu & Khoo, 2003;
Duffy & Shaw, 2000; Linnenbrink-Garcia et al., 2011; Naykki et al., 2014). The positive affect of individuals in collaborative groups,
in turn, has been shown to boost positive socio-emotional interactions and socio-behavioural engagement within the group
(Linnenbrink-Garcia et al., 2011). However, the relations that emotional experiences have with learning activities are not
straightforward but may vary depending on where they are directed (Moeller et al., 2018; Pekrun et al., 2002; Wosnitza & Volet,
2005) and how they are regulated (Bakhtiar et al., 2018).

3. Socio-emotional interactions in learning

Emotions participate in the collaborative learning process, particularly through socio-emotional interactions that take place
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between the group members. Socio-emotional interactions refer to the purposeful interchanges between group members to express
and shape the perceptions of emotions and the socio-emotional climate (Bakhtiar et al., 2018; Kreijns, Kirschner, & Jochems, 2003;
Rogat & Linnenbrink Garcia, 2011). Overall, groups’ positive socio-emotional interactions have been linked to positive outcomes in
groups’ engagement, motivation (Linnenbrink-Garcia et al., 2011) and regulated learning processes (Lajoie et al., 2015; Rogat &
Adams-Wiggins, 2015). At best, groups’ positive socio-emotional interactions can boost the learning of the individual group members,
but also the group as an entity, if all group members’ goals are aligned and if they are motivated and contribute to the learning
process (Bakhtiar et al., 2018; Rogat & Linnenbrink-Garcia, 2011; Volet, Summers, & Thurman, 2009; Zschocke et al., 2015).
However, earlier research demonstrates the delicate nature of socio-emotional interactions in shaping the group atmosphere and
making a difference to the cognitive processes in learning (Isohatala, Naykki, Jarveld, & Baker, 2018). For example, when positive
interactions are taken too far, collaborative groups may avoid exchanges that create tension and, instead, focus on maintaining the
favourable socio-emotional atmosphere at the expense of cognitive processes (Andriessen, Pardijs, & Baker, 2013).

In the previous research literature, negative socio-emotional interactions have been seen as the ones that often challenge a group’s
learning process, affecting the quality of learning activities (Rogat & Adams-Wiggins, 2015; Rogat & Linnenbrink-Garcia, 2011) and
the emotional and motivational reactions of group members (Linnenbrink-Garcia et al., 2011). Negative interactions can derive from
various sources, such as cognitive challenges (Andriessen et al., 2013; Jarvenoja & Jarveld, 2009), motivational issues or inter-
personal dynamics (Blumenfeld, Marx, Soloway, & Krajcik, 1996; Jarvenoja et al., 2013). At worst, they can turn into conflicts with
disruptive outcomes for interpersonal relations, motivation and the learning process (Niykki et al., 2014; Rogat & Linnenbrink-
Garcia, 2011). However, even though these interactions may challenge the group and raise various emotional reactions, they are also
the situations that bring negative experiences to the surface at the group-level. This, in turn, may open up possibilities for joint
attempts to solve the issue and share emotions and experiences (Jarvenoja et al., 2013) and even for opportunities to create new ideas
and elaborate on learning results if regulated appropriately (Andriessen, Baker, & van der Puil, 2011; Jarvenoja et al., 2013).

4. Regulating emotions when learning together

For students to participate in effective and enjoyable group learning situations, they need skills to be able to collaborate and
manage the learning process together, but they also need to be able to adapt to their socio-emotional context (Kershner, Warwick,
Mercer, & Kleine Staarman, 2014; Pietarinen, Vauras, Laakkonen, Kinnunen, & Volet, 2019; Tomas, Rigano, & Ritchie, 2016).
Therefore, social learning situations need both individual (Kershner et al., 2014; Tomas et al., 2016) and group-level regulation of
emotions (Jarvenoja et al., 2019; Kwon, Liu, & Johnson, 2014). One key prerequisite for successful collaboration is the ability to
identify the situations where the activation of appropriate individual and group-level regulation of emotions is needed to manage
motivated learning (Bakhtiar et al., 2018; Jarvenoja et al., 2019). Research shows, for example, that successful group-level emotion
management relates positively to a group’s learning and collaboration skills (e.g. Xu, Du, & Fan, 2013). However, the need for
regulation is not always recognised (Jarveld, Jarvenoja, Malmberg, & Hadwin, 2013; Miller & Hadwin, 2015), which can have
detrimental effects on the group’s learning process (Kreijns et al., 2003; Naykki et al., 2014).

Emotion regulation can target directly at the emotion itself or the cause of emotion (Lobczowski, 2020; Smith & Lazarus, 1990). In
learning situations, this means that emotion regulation can manifest as influencing one’s learning activities by, for example, in-
creasing motivation in different ways (Wolters, 2003) and managing feelings and emotional reactions that can potentially disrupt the
learning process (Corno & Kanfer, 1993), but also by managing the aspects of the task (Boekaerts, 2007). From a group perspective, to
manage a coordinated activity within a group, the members need to also be able to overcome challenges evoked by the social nature
of the collaborative task activities. In these situations, active group-level emotion regulation is essential as group learning often
creates more complex and challenging interactions in changing learning contexts (Jarveld, Volet, & Jarvenoja, 2010). The concepts of
co- and socially shared regulation have been developed to describe, in particular, how group members regulate each other and the
group process during learning (co-regulation) and further, how group members together build on each other’s regulatory activities
(socially shared regulation) to overcome the socio-emotional and cognitive challenges they face (Hadwin, Jarveld, & Miller, 2011).
The socially shared regulation of emotions as a concept demonstrates the ways in which the group members together take charge of
the socio-emotional climate of the group (Jarvenoja et al., 2013; Linnenbrink-Garcia et al., 2011).

Both in individual and group learning situations, emotional processes are often strongly intertwined with the cognitive activities
of the learning process (Jarveld, Jarvenoja, Malmberg, Isohétild, & Sobocinski, 2016). Thus, emotion regulation on group level is not
only targeted directly at affecting emotions or motivation of the group members but it can also manifest as regulation of the task and
interactions related to it, such as negotiating task responsibilities or planning task activities to manage the socio-emotional challenges
(Jarvenoja et al., 2019; Jermann & Dillenbourg, 2007). In addition to all this, group-level emotion regulation requires abilities to
maintain a favourable socio-emotional atmosphere for the whole group (Jarveld et al., 2010). Overall, through effective self- and
group regulatory activities, it is possible to reach enhanced interaction and communication and the co-construction of knowledge
within a group (Jirvenoja et al., 2013) and, at best, to achieve a process that boosts everyone’s learning more than in individual
situations.

Fluctuations in both socio-emotional interactions and the regulatory processes related to them during group learning are at the
core of building an understanding of how students engage and participate in social learning contexts and how they build their
emotional and motivational grounds through these interactions (Jirveld et al., 2010; Jarvenoja et al., 2013). In particular, regulatory
activities in situations where emotions are generated by socio-emotional challenges during group learning processes need ex-
amination as, in these situations, appropriate group-level regulation is critical for the continuation of successful collaboration
(Efklides & Volet, 2005; Rogat & Adams-Wiggins, 2015). Although research examining emotions in collaborative settings is growing,
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there is still less research on regulatory behaviours and actions that contribute to or are influenced by positive or negative socio-
emotional processes (Bakhtiar et al., 2018; Dillenbourg, Jarveld, & Fischer, 2009; Jarveld et al., 2015). Understanding the interplay
between emotional experiences and group-level emotion regulation activities during collaborative learning is essential for exploring
how groups succeed in turning their interactions into positive and effective ones in terms of learning activities.

5. Aims

This study focuses on negative socio-emotional interactions and group-level emotion regulation taking place during a 12 year-old
students’ collaborative physics task. It explores how individual group members’ self-reported emotional experiences, groups’ negative
socio-emotional interactions and groups’ regulation activities are interweaved with each other in the group learning process. The
research questions are the following:

1 How is negative socio-emotional interaction during group learning related to group members’ emotional experiences before and
after the collaborative task?

2 How is group-level emotion regulation in negative socio-emotional interactions related to group members’ emotional experiences
before and after the collaborative task?

3 How does group-level emotion regulation in negative socio-emotional interaction relate to groups’ further interaction during the
collaborative task?

6. Methodology
6.1. Participants

The participants of this study were 6th grade (approx. 12 years old) students from one primary school in Finland. Altogether, 37
students participated in the study. The students were assigned to groups of 3—4 students heterogeneously based on their task interest
in learning which was assessed by the Task Interest Inventory (Cleary, 2006). This resulted in the formation of 12 groups in total.

6.2. Context and data collection

The groups were working in a classroom-like learning and research space conducting a collaborative physics task. There were
three groups present at a time. The group work was recorded with 360° cameras. Overall, 18 h of video data were gathered from the
groups’ collaborative activities. Students’ situated emotional experiences were detected using the situation-specific emotion (EmA)
self-report tool (Jarvenoja et al., 2018) before and after the task (see Picture 1 , scale 1—5, from negative to positive via neutral,
presented with smiley faces). First, the EmA tool was used after the students were presented with the task but before their work
started, so the students had information about the task when they answered it for the first time. After the collaborative task, the EmA
tool was used for the second time. The tool measured students’ emotional experiences with two single questions targeted at emotions
in general and emotions related to the task (1. How do you feel right now? and 2. How do you feel about the task?).

6.2.1. Collaborative physics task
The physics task that the groups of students conducted was designing and constructing a model for an energy efficient house that

How do you feel right now?

Picture 1. EmA tool.
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makes use of solar energy. Students could use different materials (e.g. cardboard, tape, aluminium foil, cotton wool, Styrofoam
sheets) to build the house and had to follow some rules.

Before the building task, some basic information about heat energy was presented to the students by the teacher. After this, the
task consisted of four different phases: 1) becoming an expert (15 min), 2) brainstorming (10 min), 3) sketching (20 min) and 4)
building (60 min). The remaining time for each phase was visible for students throughout the task. The aim was to follow a normal
classroom activity, where there is normally a limited time to perform a task. The time was made visible to make sure the students
were able to organize their work to finish their houses on time. In the first phase, each individual student received information about
one specific area related to heat energy and the building of houses. The students had 15 min to read the material and make notes
about their own subtopics individually. After that, the students started to work collaboratively in groups. In phase two, the in-
structions were to share the expertise and brainstorm a list of things to keep in mind while sketching and building the houses. After
brainstorming, students started phase three in which they made sketches and floor plans of their houses. The instructions were that
the sketch should demonstrate how the house should be built and which materials should be used. Then, the last phase followed,
which was the actual building of the houses.

6.3. Data analysis

6.3.1. Video data analysis

The video data was first analysed by detecting episodes of socio-emotional interaction during the group task and calculating the
overall duration of these interactions (time as seconds). The unit of analysis was a meaningful episode that lasted for as long as the
socio-emotional interaction between the group members continued. When coding the video data, the socio-emotional interactions
were categorised according to the observable emotional valence of the situation (Pekrun et al., 2002; Russell & Barrett, 1999), which
was applied to group level (Jarvenoja et al., 2018) and included codes of negative, mixed or positive group valence. Indication of a
socio-emotional interaction could be both, a verbal and a nonverbal expression of emotion followed by at least one comment or a
reaction from another group member (Kreijns et al., 2003; Kwon et al., 2014), such as an expression of frustration or excitement from
one group member followed by a response from another. Examples of the socio-emotional interactions and their valence are pre-
sented in Table 1. In coding the episodes, negative socio-emotional interactions (e.g. arguing, criticising others, teasing) were
considered as interactions that started when at least one group member made a negatively charged comment (e.g. “We are idiots”) or

Table 1
Coding criteria for valences of socio-emotional interactions.
Valence Criteria for coding Expressions Examples
Negative  Clear negative indicators from at least two of the ~ Verbal expressions (e.g. “We are idiots”) Lars: “Let’s design a modern house, not an
group members ugly one like that.”
Bodily expressions (e.g. sighing) Annika: “You yourself are ugly.”
Lack of focus (e.g. playing with equipment, Lily: “Can you do this better?”
wandering around)
Negatively charged interaction (e.g. arguing, Annika: “Yeah.”
criticising others, teasing)
Tensioned silence Lily: “If you are not satisfied with how I do it,
maybe you should do it yourself then.”
Lars: “Okay.”
Positive Clear positive indicators from at least two of the ~ Verbal expressions (e.g. “We are so good”) Jenny: “This (the house) is going to be so
group members nice!”
Bodily expressions (e.g. laughing, giggling) Chris: “Yes it is, the end result, for real!”

Positively charged interaction (e.g. joking,
praising, encouraging)

Mixed Clear positive indicator from at least one group  Positive and negative expressions or valence of  Lily: “Oh, it sounds nice!”
member and clear negative indicator from at expressions is not clear
least one group member in the same segment
Multiple different indicators, both positive and Lars: “No, it doesn’t.”

negative (e.g. positive bodily sign + negative

verbal sign)
Jessie: “We didn’t have time to do the
colouring for the outside walls ... Now, let’s
put the roof here.”
James: “Wait, we should put the tape like this
so that this fur won’t come out ...” (joking and
laughing)
James: “Now this tape is furry too, damn it. I
hate the furry tape.”
Jessie: “Mm ...”
(laughing)

Neutral No indicators or indicators from only one group  No emotional expressions or expressions from
member only one group member
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Table 2

Descriptive of the variables of self-reported emotional experiences and group level negative interactions.
Variable N Min. Max. M SD
Start: Emotional experience in general (scale 1—5) 37 2 5 3.73 .769
Start: Emotional experience related to the task (scale 1—5) 37 1 5 3.81 .877
End: Emotional experience in general (scale 1 —5) 37 2 5 4.24 .796
End: Emotional experience related to the task (scale 1 —5) 37 2 5 4.27 .838
Regulated negative interactions (%) 12 16 58 32.61 12.308
Negative interaction (seconds) 12 302 2085 1130.39 611.503

expressed negative emotions (e.g. groaning, sighing, playing with equipment), which were followed by a reaction from a group
member. Positive interactions (e.g. joking, praising, encouraging) were coded similarly, but in terms of exploring participants’ po-
sitive interactions. Mixed interaction contained both negative and positive interactions or the valence of the interaction was not clear
(e.g. laughing while verbally indicating negative emotions). If no coding was carried out, the interaction was neutral.

Next, emotion regulation attempts targeted at the other group members or the whole group during the coded socio-emotional
interaction episodes were located. Interaction was coded to include group-level emotion regulation when at least one group member
expressed attempts to regulate the aspects of socio-emotional interaction on group level. Group-level regulation was considered to
occur when regulation was made explicit to other group members. In this data set, this included clear verbal indication of the
regulation attempt. Group-level emotion regulation could be directed to regulate either coordination of the task activities (e.g. “Let’s
divide the tasks”) or other group members’ behaviour (e.g. “Please concentrate on the task”) as an attempt to manage the socio-
emotional issue in the interaction. The group-level regulation could also be targeted directly to decrease harmful emotions within
group (e.g. “It’s ok, we are still on schedule”), increase positive feelings and simultaneously maintain motivation (e.g. “At least our
house looks nice”) or influence on the overall socio-emotional climate (e.g. joking and complimenting others). The regulation activity
comprises both co- and socially shared regulation activities. Finally, the percentual amount of negative socio-emotional interactions
that contained regulation were calculated by comparing them to overall amount of negative interactions within each group’s task
process. Socio-emotional interactions, the valences of interactions and regulation during interactions were coded for reliability by
another researcher. Reliability coding was conducted for 40 % of the collaborative group sessions. For identifying socio-emotional
interactions (xk = 0.693) and defining the valence of interactions (x = 0.723), substantial agreement was reached. For identifying
regulation of the negative interactions (xk = 0.879), almost perfect agreement was reached. A description of the data from the EmA
self-reports and video analysis are presented in Table 2.

6.3.2. Statistical analysis

Next, individual students’ self-reports on their emotional experiences in general and related to the task (EmA tool) were compared
with the time spent in negative socio-emotional interactions and the percentual amount of negative interactions that include group-
level regulation (video data). The statistical correlations between the variables were calculated using Spearman’s correlation coef-
ficient estimates.

Further, negative socio-emotional interactions in the groups were sequentially analysed from the video data, exploring in one-
minute intervals whether the regulation was followed by negative/mixed or positive/neutral (i.e. no coded socio-emotional inter-
action) socio-emotional interactions. That is if the next interaction occurred less than one minute after the previous interaction ended.
One-minute intervals were chosen to make sure that the interval was short enough to capture the meaningful connections between
previous interactions and the following ones. The analysis was prepared using the Observer XT lag sequential analysis function,
where the frequencies of how often negative interaction and regulated negative interaction were followed by either negative, mixed,
positive or neutral interaction was examined. After this, chi-square statistics were calculated for the results. The significant asso-
ciations between sequential pairs were examined further by exploring significant z scores from adjusted residuals with alpha levels of
0.05 (z < 1.96) and .001 (z < 2.58). In this analysis, adjusted residuals show whether a particular behaviour occurs significantly
more or less often before or after another behaviour than if happening by chance (Bakeman & Quera, 1995).

7. Results

7.1. RQ1 how is negative socio-emotional interaction during group learning related to group members’ perceived emotional experiences before
and after the collaborative task?

First, the associations between negative socio-emotional interactions during the collaborative task and group members’ self-
reported emotional experiences were explored using Spearman correlation coefficient estimates. Negative correlation (Table 3) was
found between the amount of time spent on negative interactions during the task and the students’ emotional experiences related to
the task after it was completed (rs(37) = -0.368, p < .05), indicating that the more time students spent participating in negative
interactions, the more negative they felt after the task regarding the task itself. Still, the amount of time groups engaged in negative
socio-emotional interactions during the task did not correlate with students’ emotional experiences in general after the task. Further,
students’ emotional experiences in general and those related to the task, reported before the task, did not correlate significantly with
the amount of time the groups engaged in negative interaction during the task.
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Table 3

Correlations of students’ emotional experiences and (regulated) negative interactions.
Variable 1 2 3 4 5 6
1 Start: Emotional experience in general - ,454%* 0,126 0,065 —0,041 —0,087
2 Start: Emotional experience related to the task ,454** - -0,143 0,163 0,297 -,351*
3 End: Emotional experience in general 0,126 -0,143 - ,597%* -0,317 —0,026
4 End: Emotional experience related to the task 0,065 0,163 ,597%* - —,368* —0,147
5 Negative interactions —0,041 0,297 -0,317 -,368* - —-0,055
6 Regulated negative interactions —-0,087 -,351% —0,026 -0,147 —0,055 -

Note: * p < .05, ** p < .01 (2-tailed).

7.2. RQ 2 how is group-level emotion regulation in negative socio-emotional interactions related to group members’ perceived emotional
experiences before and after the collaborative task?

Significant negative correlation (Table 3) was found between the children’s self-reported emotional experiences related to the task
reported before the task and the percentage of regulated negative socio-emotional interactions during the task (rs(37) = -0.351,
p < .05), indicating that the more negative the students felt about the upcoming task, the more their groups engaged in group-level
regulation during negative interactions. However, the children’s emotional experiences reported after the task did not significantly
correlate with the percentage of regulated negative socio-emotional interactions during the task.

7.3. RQ 3 how does group-level emotion regulation in negative socio-emotional interaction relate to groups’ further interaction during the
collaborative task?

Next, the sequences of interactions were analysed to explore whether the regulation activities during groups’ negative interactions
made a difference to how the groups’ interactions continued. When exploring negative, mixed, positive and neutral interactions
(Table 4), a significant difference was found between the conditions of regulated and non-regulated negative interactions (¥2 (3) =
8.161, w = .13, f = 439, p < .05). In particular, positive interactions were found to follow regulated negative interactions in one-
minute intervals significantly more often than they followed non-regulated interactions (z = 2.3, p < .05). However, the results show
that activating regulation does not inevitably guarantee an instant change in the valence of the interaction. The results show that
even regulated negative interactions were often followed by negative (48.7 %) or mixed (26.9 %) interactions and that negative
interactions that changed into positive (16 %) or neutral (8.3 %) interactions were less common.

8. Discussion

This study addressed the multifaceted nature of emotions in learning by relating students’ individual, situation-specific emotional
experiences before and after a collaborative physics task with their socio-emotional interactions and the associated group-level
emotion regulation during collaboration. The results indicated that socio-emotional interaction and the regulation related to it have
reciprocal relations with individual emotional experiences. That is, the study showed some evidence that collaborative physics
learning situation was influenced by and made a difference to the individual students’ emotional experiences they reported in relation
to the collaborative learning situation. Overall, the current study design is in line with recent arguments emphasising the need to
acknowledge the multi-layered and fluctuating function of emotions for learning, such as the multiple emotional experiences in-
dividual learners may have during learning (Moeller et al., 2018), how emotional experiences fluctuate in relation to social and task-

Table 4
Associations of regulated and non-regulated negative interactions and the valence of further interactions in one-minute intervals.

2nd interaction

Negative Mixed Positive Neutral In all
1st interaction Non-regulated negative interactions Observed/ 165/155.4 79/78 25/32.2 14/17.4 283
Expected f
Observed % 58.3 27.9 8.8 4.9 ~100
Z 1.9 2 —2.3* -1.4
Regulated negative interactions Observed/ 76/85.6 42/43 25/17.8 13/9.6 156
Expected f
Observed % 48.7 26.9 16.0 8.3 ~100
Z -1.9 -2 2.3% 1.4
In all 241 121 50 27 439
In all % 54.9 27.6 11.4 6.2 ~100

Note. * p < .05.
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related conditions (Bakhtiar et al., 2018; D’Mello & Graesser, 2012; Murayama et al., 2017) and how social interactions act as a
context and a source for emotional experiences in collaborative learning (Jarvenoja & Jarveld, 2013; Linnenbrink-Garcia et al., 2011).

The first conclusion to be drawn from the results of this study is that general emotional experiences and task-related emotional
experiences seem to be somewhat different experiences and thus also contribute differently to socio-emotional interactions during
group learning. The results demonstrated that students’ emotional experiences related to the task were connected to the groups’
interactions, whereas their general experiences of emotions were not. This result is similar to earlier research showing how different
emotions can occur together depending on their target or the situation at hand (Moeller et al., 2018). Previous research has shown
that emotions and affect in learning function on several layers in group interactions, particularly showcasing the connections between
individual emotions and their regulation in relation to social and task-related factors (Tomas et al., 2016; Zheng & Huang, 2016). In
the present study, students’ self-reported general emotional experiences before the task were not related to the negative socio-
emotional interactions per se. Nor were they related to group-level regulation during the collaborative task. This is not to say that
emotional valence, when entering a collaborative learning task, does not play a role: The results showed that the more negative the
students rated their task-related emotions, the more their group engaged in group-level regulation during socio-emotional interac-
tions.

Second, the results of this study provide evidence that features of socio-emotional interactions during learning can affect in-
dividual emotional experiences in more than one way. Negative socio-emotional interactions during collaboration did not make a
difference to students’ general emotional experiences but did negatively affect students’ emotions related to the task. Also, activated
group-level regulatory actions did not automatically influence students’ emotional experiences after the task, but they were con-
nected to changes of valence in the learning situation. In the end, whether the student feels happy or not is influenced by many
different emotional factors, and the emotional state can also be mixed; the student can be happy that the task is over and report
positive emotions, but feelings related to the completed task or the collaborative group activity may remain negative. It may be
relevant to consider this aspect even further in future research in terms of theoretical and methodological choices, because the way
we experience our emotions can vary, depending not only on the context they occur in (Meyer & Turner, 2006; Zembylas, 2003) but
also on the target they have, and thus, this makes a difference in terms of the emotions’ impact on our activities (Goetz et al., 2014;
Moeller et al., 2018).

Third, the results of this study also raise the question of how group-level regulation in negative interactions succeeds during
collaborative working among groups. The analysis of the associations of students’ emotional experiences revealed that group-level
regulation did not seem to affect students’ emotional experiences after the task. Based on this result it was assumed that regulation
may have not been successful in helping to solve issues causing negative socio-emotional interactions and maintaining or creating
enjoyable learning experiences for the students. This result is in line with earlier notions that not all regulation is adaptive (Bakhtiar,
Hadwin, & Jérvenoja, 2019; Engelschalk, Steuer, & Dresel, 2017; Kurki, Jarvenoja, Jéarveld, & Mykkdnen, 2017). Particularly, in
attempts to regulate groups’ socio-emotional interactions, there are more players and variables involved and, thus, more uncertainties
related to the group process than when one is only regulating one’s own emotions. Therefore, the analysis in this study proceeded
with exploring what happened during collaboration: whether group-level regulation was able to make a difference to groups’ in-
teractions within collaborative tasks. When exploring the sequences of interactions, it was found that group-level regulation of
negative socio-emotional interactions seemed to make a difference to groups’ further valence of interaction. Still, there were many
instances where regulation did not seem to change the valence of interaction. The results indicate that group-level regulation ac-
tivities during negative interactions had the potential to make a difference in the valence of groups’ further interactions, but reg-
ulation did not always succeed in doing this.

It is evident that a group’s ability to appropriately regulate, in particular, negative socio-emotional interactions is important with
respect to the interactions turning into more beneficial ones in terms of learning activities (Lajoie et al., 2015; Rogat & Adams-
Wiggins, 2015; Rogat & Linnenbrink-Garcia, 2011). However, the reason for regulation failure may be, for example, the application
of inadequate or inappropriate regulation strategies for that situation (Bembenutty, 2011; Cleary, Velardi, & Schnaidman, 2017;
Jarvenoja et al., 2019; Kurki et al., 2017). Also, new challenges and triggers occur during collaborative learning and cause new
valences in interactions (D’Mello & Graesser, 2012), and thus, they cannot always be traced back to previous regulation attempts. Nor
does the regulation of these interactions mean that it will be focused directly on changing the valence of the interactions or individual
emotional experiences but rather on controlling some other aspects of collaboration and learning, such as the task process. It has been
argued that the roles of particular emotions and emotional valence in learning are not that straightforward (Pekrun et al., 2002).
Negative valence, such as frustration, can actually serve learning if it is activated to solve frustrating issues by progressing with the
task. Also, in collaborative learning, even if group-level regulation does not always change the valence of interactions, it may still
keep collaborative learning going without an escalation of conflict. In fact, depending on the nature of negative interactions, it can
even boost problem solving and an awareness of challenges (Andriessen et al., 2011; Jarvenoja et al., 2013)

The results of this study and their interpretations pose new questions about what makes the regulation of emotions effective on a
group-level. First, it can be hypothesised that when the whole group identifies the need for regulation and shares responsibilities in
regulating (socially shared regulation; Hadwin, Jirveld, & Miller, 2017), the regulation attempts do not remain individual attempts to
affect others in the group, and thus, they make a stronger impact on the whole group. Second, in addition to sharing the responsibility
of regulation, it is assumed that when students are able to activate well-targeted regulation strategies in relation to the issues the
group faces, they can make a difference not only to the issue at hand, but also, bit by bit, to the whole socio-emotional climate of the
group and, in this way, to the individual experiences of the group members too (Bakhtiar et al., 2018; Linnenbrink-Garcia et al.,
2011). Further, by understanding the nature of emotion regulation specifically in a group learning situation, the success of regulatory
activities needs to be understood more broadly, focusing not only on the valence of interactions or individual emotional experiences
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but also on recursive phases of the regulated learning cycle (Hadwin et al., 2017), adding to the analysis, for example, the experiences
of collaboration, motivational aspects or success in the learning process itself. There is a need for more detailed research of these
group regulation processes, focusing both on the socially shared regulation of emotions and on group-level emotion regulation
strategies. This is important for understanding what makes group-level regulation successful in terms of learning and motivated
collaboration.

8.1. Limitations and future research

This study utilised both situation-specific self-reports and video data of the group process to explore the connections between
individual experiences and group process. As video data is time-consuming to collect and analyse, the sample size was relatively
small. For further investigation and the verification of the connections between students’ emotional experiences and socio-emotional
interactions, a bigger sample size is needed and a more effective way of analysing large sets of video data in terms of emotion
detection may be useful (Azevedo et al., 2016). Furthermore, in the analysis of video data, only one minute interval was used to
detect connections of negative interactions and their regulation to further interactions. Whilst this time frame can be sufficient in
identifying interactions most likely related to one another, it is clear that negative interactions and their regulation can also have
impact on further collaboration longer than this analysis takes into consideration.

There is a need to further explore how to reach the students’ individual emotional experiences in a way that considers their
situated and multifaceted nature. Also, the success and failure of emotion regulation attempts during negative interactions may need
different types of in-depth and temporal exploration of the interactions in order to understand what makes the group-level emotion
regulation successful and what does not. And finally, more research is needed to understand the situational factors that make a
difference to socio-emotional interactions and their regulation, for example, the triggers of these interactions and students’ personal
appraisals of them (Jarvenoja et al., 2019; Pietarinen et al., 2019).

8.2. Conclusions

This study contributes to research on emotions in learning by providing information about the complex relations between in-
dividual emotional experiences and group-level socio-emotional interactions, and it also demonstrates new directions for further
research into socio-emotional aspects in collaborative learning. Further, the study provides an insight of group processes for edu-
cational practitioners by highlighting the importance of supporting students in identifying the emotional and motivational pitfalls
during learning activities and in regulating them not only on an individual but also on a group level.
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