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University learning and teaching involves contrasting and interacting emotional experiences. Even

in disciplines considered as objective as Science and Engineering, emotion plays a significant role

in catalysing and sustaining learning. Although emotions are individually felt, they are socially
constructed between people. This is especially relevant in group-based learning evident in much
contemporary higher education. This paper applies the concept of emotion socialization to illustrate
how groups of students and teachers cope and succeed in cognitively and emotionally challenging
learning settings. The study is based on qualitative data collected across six STEMM university
departments, from 280 students via in-situ questionnaires and from 20 teachers via group and
follow-up interviews. Two key findings offer insight into processes of reciprocal influence on cognition
and emotion. The first relates to ways in which students’ and teachers’ differing knowledge-related
goals and relationships with knowledge influenced cognition and emotion, uncovering previously
unacknowledged connections. The second relates to how students’ comparisons of progress towards
academic goals with peers contributed considerably to their emotional experiences in cognitively and
emotionally helpful and unhelpful ways. Practical implications are presented, including possibilities for
capitalising on existing emotion socialization processes and enhancing how they influence cognition
and emotional well-being.

University learning and teaching involves contrasting and interacting emotional experiences. Students may
experience confusion over challenging concepts, joy at grasping them, anxiety about assessment and pride
in group projects. Similarly, teachers can feel excitement or apprehension about using new techniques and
frustration at perceived lack of student engagement. Although emotions are individually felt, they are socially
constructed between people!. Emotions and the appraisals that influence them are very often related to other
people and regulated in association with others®. This is especially relevant in educational contexts, and more
so in the interactive, group-based learning often practised in contemporary higher education’. We argue that,
far from being something to avoid or ignore, emotions provide important social* and educational information
within our classrooms that supports academic coping and success. Despite this, there is little systematic thinking
about how students’ and teachers’ emotions influence each other and the impact this has on the learning, and
social and emotional well-being of classroom-based groups. This paper presents research on how student and
teacher cognition and emotion continually reciprocally interact to enable the group to function in challenging
academic contexts.

Emotion in learning

Over the last 25 years, thinking has progressed from a perception that emotion obstructs learning, to
understanding that it is ‘neurobiologically impossible’ to engage in cognitive processes such as paying attention,
remembering material, problem-solving and decision-making without emotion®. Even in scientific disciplines,
traditionally considered objective, rational, dispassionate, with little place for emotion, the catalyst to start
and motivation to persist in learning and scientific enquiry is emotion; curiosity, confusion and anticipated
joy. Advances in neuroscience reveal that ongoing brain development and associated learning are dependent
on integrated socioemotional and cognitive functioning across three key brain networks (executive control
network, default mode network and salience network)®. Emotional stress in response to exams, coursework
deadlines and group conflict have contrasting outcomes across cognitive processes including memory formation,
retention, retrieval and updating, and between learners’. From a psychological perspective, not only is emotion
an unavoidable feature of stepping into any learning setting, it is also essential for academic accomplishment
and personal development®. This is especially true of the transformative learning expected of higher education’.
If learners never feel the discomfort of uncertainty or satisfaction of achievement, how can they be motivated
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to change themselves and face related challenges in more developed ways in future? Furthermore, if we accept
that failure is both an inevitability and strength of scientific endeavour!?, we need to equip learners to accept and
harness the discomfort and difficult emotions that failure may provoke. Understanding the role of emotion could
enable us to capitalise on those that support scientific and technical learning and sustain motivation towards
careers in scientific fields'!.

In Barrett's' “Theory of Constructed Emotion;, she argues that emotion is constructed by individuals based
on their physiological sensations, social context, previous experience and their goals, and refined through
continual predication and feedback loops. We not only actively construct our own emotional experiences, we
also contribute to the constructions of those we interact with!. Pekrun’s ‘Control Value Theory’! focuses on how
academic achievement emotions, such as enjoyment, pride, shame and anxiety, result from our appraisals of our
perceived control and the value we place on achieving our goal. For example, a learner’s appraisal and resulting
emotion may relate to their perception of control over an assessment task, or the personal value they perceive
in the topic, including how relevant it is to achieving their goals. This theoretical framework for thinking of
emotional experience as closely linked to individual and collective goals is helpful in a goal-orientated place
like university. It is also timely to critically consider the complex and contradictory roles of emotion in learning,
as higher education institutions internationally grapple with the tensions involved in addressing rising student
mental health concerns'?, whilst creating challenging and meaningful learning opportunities.

Emotion socialization in a university context

Emotion socialization!* is a dynamic process in which ‘socializing agents’"® facilitate development of emotional
competence, including ‘community-relevant’ ways of understanding, expressing and regulating emotions'.
They do this through the ways that they react to others’ emotional expressions, through talking about emotional
responses and through their own emotional displays'®. By applying the concept of emotion socialization, this
study illustrates how, as socializing agents, university students and teachers learn together to work with emotion
in purposefully challenging learning and teaching settings.

Just as students do not arrive at university study with all the appropriate disciplinary knowledge, they also do
not necessarily possess the emotional competence to cope and thrive at university. They develop community-
relevant emotional competence through experiencing, thinking and being in a particular social context. Not
only does this process involve cognition and metacognition related to regulation of emotion'’, it also contributes
to students’ ability to develop increasingly advanced ways of acquiring scientific and technical knowledge and
understanding. Likewise, as teachers’ contexts and goals change they are continually developing their ability
to respond to their own and others’ emotions'®. Through this process they can develop shared goals, begin to
identify as a group and, as individuals identifying as members of that group, experience intergroup emotions®.

Despite its exploration in other educational settings, emotion socialization is under-researched in the
university context, but we argue it is highly relevant, for a number of reasons:

1. The active and collaborative learning approaches increasingly characterising higher education are designed
to actively engage learners both cognitively and emotionally?® and this has implications for both learners and
teachers?!.

2. Many students relocate away from primary socializers such as parents, existing peers and schoolteachers for
the duration of their studies.

3. University environments are very international, bringing together individuals with diverse and unfamiliar
culturally-specific emotional display rules?.

4. Due to the relationship between emotion regulation and well-being®, it is beneficial that students learn to
regulate emotions they experience in learning as part of that learning.

5. Many students are between adolescent and early adult years, a developmental stage often characterised by
high emotional reactivity?* and greater awareness of others’ emotions®.

6. The importance of emotion socialization for developing professional competency to handle complexity is
recognised?®.

Methods

Study design

This qualitative study was set in a research-intensive university specialising in Science, Technology, Engineering,
Maths and Medicine (STEMM) in the UK. Six case studies were purposefully selected from six departments
across the Faculty of Natural Sciences (FONS), Faculty of Engineering (FoE) and Faculty of Medicine (FoM).
Each focussed on a module that involved participants in active, collaborative learning, as opposed to a more
traditional, didactic approach. A recent institution-wide curriculum change process?’” resulted in increased
collaborative learning approaches that are new and challenging for students and teachers, due to their
unfamiliarity and associated socioemotional interaction?®. The learning activities under focus in this study are
detailed in Table 1.

Data collection

Data was collected between April 2020 and February 2023 using the following three step process. First, 90-
min online focus group interviews were conducted with six trios of volunteering teachers (5 female and 13
male), to explore their awareness of the role of emotion in their module’s learning and teaching and their
approaches to working with emotion (see supplement for Teacher focus group interview schedule). Second,
at the end of a teaching session, chosen by each module lead, students from these six modules were invited to
complete a voluntary free-text, in-situ anonymous questionnaire administered in MSForms using a QR code.
This asked students questions about how the session or project made them feel, why they felt this way, how their
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Year
Discipline group | Teaching and learning approach
Chemistr Students work in wet lab-based small groups to develop practical chemistry skills, including chemical synthesis techniques, computer
Y Year 1 | modelling, data analysis and planning their own experiments. This is prefaced by ‘Chemical Kitchen’ that introduces students to the creative
FoNS . ; e
mindset and fundamental lab skills through cooking
Elec}trlcal‘ and Electronic Group-based engineering design project during final summer term, involving students building robotic moon rovers and culminating in a
Engineering Year 1 d .
emonstration
FoE
Life Sciences Year 2 Students work in consistent small groups, using a Team-based Learning (TBL) approach to learn statistics and programming. This involves
FoNS pre-work, individual tests, team tests with immediate feedback and application activities?®
Mechanical Engineering Year 2 | Intensive week-long, team-based project based on an engineering design consultancy firm simulation. Activities involve students
FoE experiencing the whole design process, applying fundamental knowledge and facing uncertainty created by an authentic brief
Medicine Students work in consistent small groups using a combined Case-based Learning (CBL) and Team-based Learning (TBL) approach. This
Year 1 | involves pre-work, individual tests, team tests with immediate feedback and application activities. Cases are designed to develop clinical
FoM R R . S X 30
reasoning skills, underpinned by scientific knowledge and evidence-based research
Physics Year 1 Students work in consistent small groups in bi-weekly seminars, linked to a lecture series, to solve problems designed to require collaborative
FoNS thinking. This session specifically involved students developing concept maps to aid collaborative recall and connect physics concepts

Table 1. Summaries of learning and teaching contexts from six departmental case studies.

teachers and peers contributed to this feeling and how they thought teachers and peers felt (see supplement
for Student questionnaire). Students were advised that this piece of research was independent to their learning
but that completing the survey could be an educationally valuable reflective activity for them. We explained
that anonymous responses would be shared with their teachers to inform future development. Students were
shown the survey questions in advance of volunteering and told that submission implied consent. Across the six
case studies, 280 students completed the questionnaire. Third, anonymous student data corresponding to each
module was presented back to members of the module’s teaching team for consideration and a 60-min interview
was held to explore meaning in the student data and identify areas for further consideration. Imperial College
Education Ethics Review Process (EERP) committee approved the research (EERP1920-066), all research was
performed in accordance with British Educational Research Association guidelines and informed consent was
obtained from all participants.

Data analysis

Interviews with teachers were recorded, transcribed verbatim and coded in NVivo14 and student questionnaire
data was collated and coded in Excel. Data was analysed using reflexive thematic analysis®!, that involved
developing codes to capture units of meaning across the data sets, guided by our research questions: What are
the reciprocal emotional interactions occurring in STEMM university classrooms? What are the roles of both
students and teachers? As the perception that STEMM students and teachers reciprocally influence each other
emotionally was based on the researchers’ experience and was not empirically informed, an inductive, or data-
driven, orientation, as opposed to a theory-driven approach, was adopted®. The coding was developed from
students’ and teachers’ responses that referred to the various ways in which students and teachers influenced
each other’s emotion and thinking in these six learning settings. Data was coded by one author (KI), and data
and codes discussed with MK to develop appropriate themes. In line with reflexive thematic analysis, the goal
was not interrater reliability or coding to consensus’!. From this we developed sub-themes and themes, based
on our interpretations of patterns in meaning across the data sets, in association with our knowledge of the
context (see supplement for Coding guide). Student quotes are reproduced as typed, to retain authenticity. Data
analysis was an iterative process, including a social constructionist element, when meaning of student data
was constructed between researcher and participant teachers in follow-up interviews®2. This methodological
approach is well-aligned with our perspective of emotion as being socially constructed. Validity was increased
by the researchers’ in-depth awareness of these teaching and learning contexts through their role as educational
developers, and the recursive nature of data collection that related and triangulated data sets at every stage®.
We identified two key themes that illuminate processes of reciprocal influence on cognition and emotion in
STEMM university classrooms and the roles of students and teachers. These are: Relationships with knowledge
and Cognition and emotion-based comparison.

Results

Relationships with knowledge

Developing cognitive goals

The data indicated that students” strongest and most varied emotions were constructed in relation to grappling
with unfamiliar, voluminous, complex, and sometimes ambiguous knowledge. For example, the responses of
65 Life Sciences students learning about statistics and programming reported a varied emotional continuum of
experiences that represent three broad groups of responses. One group described feelings of ‘getting lost’ and
‘falling behind, based on their perceived inability to readily grasp, easily recall or competently apply scientific
and technical concepts, as represented by Student117:

“It made me feel really stupid if I have to be honest — I feel so lost all the time and there are so many
words and rules to remember. The teaching makes sense in class but as soon as I step out I am completely
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lost again. I want to say I'm motivated but seeing everyone miles ahead of me in understanding is really
demotivating” (Student117, FONS).

Representative of the second group, Student77’s positive emotional experience was based on their sense of
relative progress and cognitive development: “I feel decent after this session|...] I have for once fully understood
the content, and mostly caught up with the speed of my teammates” (Student77, FONS).

The third group’s responses reflected greater awareness that learning is characterised by mixed pleasant and
unpleasant valance, including some discomfort. In the quote from particularly insightful Student118 they refer
to a cycle of emotion and its value for self-development:

“It made me feel excited to learn, a bit sad for how slow I interpret the content and happy when I solve a
question on my own]...]It is kind of a circle. You get discouraged a bit in the beginning especially when
you realize how stupid you are. But when you get it done, you will regain and reconstruct your confidence,
an even stronger one than before” (Student118, FONS).

The insights data gave into the diverse range of student emotions and their knowledge-related attributions, even
in the same setting, suggested a variety of cognitive goals. For Student117, a goal seemed to be to remember
‘words and rules, Student77 aimed to fully understand the content and Student118 wanted to problem solve
independently, and recognised the link between academic goal achievement and an affective dimension, such
as resilient self-efficacy building®*. We suggest that students constructed and made meaning of their emotions
partly in relation to adapting to new, university appropriate, cognitive goals. Some students’ responses implied
a recognition that knowledge they were expected to engage cognitively with was now more extensive and less
defined, and that there was constructive potential in thinking together with peers, but that this presented
emotional challenges, as Student184’s quote illustrates:

“Eager to learn more as I see the areas I don’t know in the depth I should. Overwhelmed as we don’t have
time to complete to a high enough level the work that we are set [and] because I don’t know perfectly
all the content that I have been taught whilst at imperial. [The teacher] increases the unknown factor by
not specifying most things. It’s nice when they [peers] have knowledge in an area you don’t so that we
complement each other. But sometimes they slow down the process due to them seeing things differently”
(Student184, FoE).

This transition to developing new cognitive goals seemed to involve formulation of contradictory goals and
associated mixed emotions regarding knowledge-related standards and expectations, perceived academic
ability and knowledge construction with peers. Across the whole dataset, students who reported valuing
their interactions with peers as supportive of their cognitive development reported more positive emotional
experiences. Student66’s quote illustrates the valuable interplay between cognitive and emotional support that
some students reported exchanging, including through gaining awareness of other’s cognitive and emotional
challenges:

“It made me feel a bit scared before attending class but during the session I felt reassured[...] My peers
also contributed to this feeling to a large extent as talking with them and working through the problems
together made me feel united as they also did not understand some of the content initially” (Student66,
FONS).

STEMM teachers not knowing everything

Data suggested that teachers also held differing and contradictory cognitive goals. Teacher12’s quote illustrates
the emotional discomfort created by misalignment between a teacher’s goal to meet students’ knowledge-related
needs and expectations regarding appearing knowledgeable, and their own epistemic belief that, at this level, no
one knows everything:

“Personally, I really, really struggle with those moments when the students ask me something that I can't
answer. I really, really hate that[...]Jobviously, I cannot know everything. But still, I just can’t deal with the
feeling” (Teacher12, FoE).

Whereas Teacher10’s quote below represents a completely contrasting emotional response and approach. It also
illustrates how teacher participants demonstrated complex cognitive processes in relation to student emotion,
including judging how to apply emotional knowledge in their teaching, in context appropriate ways:

“I don’t enjoy maths. And actually, that’s the only approach that I've kind of felt confident taking with this,
is to be completely honest and say, T'm not a mathematician|...]JI'm very much in the same boat as you.
And we'll work through this stuff together! And I think they, I think they appreciate it” (Teacher10, FONS).

Although Teacher10 is highly numerate, they explained that in their department even senior faculty are
open about their academic specialism not being maths-based. This approach may facilitate helpful emotion
socialization around mathematical knowing and seemed to contribute to Teacher10’s willingness to explicitly
model to students how they cope with maths-related discomfort. Teacher10 also acknowledged that realising
that academics do not know everything within their chosen discipline must be disorientating for students.

Although many teachers referred to modelling making mistakes and normalising not knowing everything,
this is not emotionally neutral in academically demanding STEMM contexts and can create a cognitive and
emotional load, as Teacher9 explains:
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“I give live demonstrations myself, I'm constantly like, ‘Oh, I forgot how to use this function. Let me just
look at the help function. Almost to give them [students] an insight of like, how I do it, because obviously,
I make mistakes when I code. And actually, that causes me a bit of anxiety, that I don’t look like I'm superb,
but[...] I feel like it’s actually important for them to see[...]Jand I do things wrong[...]And then T'll figure
it out” (Teacher9, FoNS).

Through modelling, they highlight how to support students’ cognitive and emotional development in a way
that recognises both are interconnected, just as they are for Teacher9. They also demonstrate how teachers
balance the risks of such strategies in a culture that so prizes being knowledgeable, with modelling sustainable
relationships with exponentially growing, complex STEMM knowledge.

Recognising interrelationships between knowing and feeling

Data also gave insight into students’ perceptions of how cognitive and emotional dimensions contribute to
achievement of their learning goals and the role that peers play in this process. Table 2 illustrates the ways in
which first year medical students, in a module designed for learning how to integrate scientific knowledge to
address clinical patient cases, demonstrated varying awareness of the interrelationships between cognition and
emotion regulation.

Some student responses emphasised the cognitive value that peer interactions held for them (first row) and
others’ responses focussed solely on the emotional value of their group’s interaction (second row). The third
row shows quotes that illustrate how some student responses recognised the way that cognitive and emotional
dimensions interact through the collaborative learning process to support their learning and emotional well-
being. We map their responses to learning goals to illustrate that, despite emphasis on knowledge-based learning
goals in the official curriculum, students recognise how, as a group, they address their emotional goals and we
argue that this provides evidence of valuable emotion socialization.

Within the teachers’ dataset, acknowledgement of emotional support between student peers was absent, yet
all teachers demonstrated that working with learner emotion was part of their role. In the quote below, module
lead Teacher16 recognises the importance of working with both student and tutor emotion around cognitively
demanding integrated knowing. In this way, they facilitate emotion socialization across the whole group.

“we always want [tutors] to relay to the students]...]’you may ask us a question, we may not know the
answer and that’s alright, you know, because no one knows everything. And you need to get used to that
as a future doctor’[...]thats giving a comfort level to your tutors. But I think it’s also[...]Jmanaging the
emotion of your students” (Teacher16, FoM).

Handled well, as Teacher16, describes, this also creates opportunity to model how clinicians cope with pressure
of knowledge overload and uncertainty in professional practice.

Knowledge-related emotional connections

A surprise for teachers with whom we shared their students’ data related to students’ perception and understanding
of their teachers’ emotional experiences in STEMM classrooms. Student responses gave interesting insight into
their teachers’ perceived relationships with knowledge, and cognitive and emotional connection that this created
between students and teachers.

“I think my tutor felt energized by the different designs which [our] group is coming up with. My tutor has
done research in our area of design interest, so I felt that he relished the chance to reuse old knowledge”
(Student187, FoE).

Student perceptions of how their teachers felt, and why, also provided useful information regarding the degree
of alignment between their own and teachers’ goals. Student responses again reflected a transition in relation to
students’ recognition of knowledge- and cognition-related goals, with some seeing teachers’ goals in terms of
them being communicators of knowledge: “Hopefully [teachers feel] proud of their explanations, as they helped the
students (including myself) a great deal to understand the concepts” (Student100, FONS).

Whilst other students’ responses, such as Student40’s thoughts regarding their teacher’s emotional experience,
suggested that their teacher’s goal was related to students’ construction of solutions, rather than application of
defined knowledge, and that students were enabling achievement of this goal: “Enjoyable as it is open-ended and
they get to see students’ solutions” (Student40, FoE).

Medical student responses to: “How do your student peers contribute to this feeling?”

Learning goals

“We help each other and fill the gaps in each other’s knowledge”
“Allows ideas to bounce between so different perspectives can be understood.”

Cognition-focussed goals

“They contribute thoughtfully and with sensitive wording”
“Safe to discuss ideas”
“They make me feel relieved because they are struggling too.”

Emotion-focussed goals

“Interesting discussions, encourages me to engage more.”
“Some will explain things and make me feel better.”
“We engage in productive discussion and have fun whilst learning”

Awareness of interaction between cognition and emotion-focussed goals

Table 2. Illustration of student awareness of interrelationships between cognition and emotion.
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Cognition- and emotion-based comparison
Evidence of academic goal achievement
Student data indicated that participants’ tendency to compare their ability and progress towards academic goals
with peers contributed significantly to their emotional experiences, both positive and negative, as illustrated
earlier by Student117 and Student77. This is likely to have been heightened in the STEMM learning contexts
under focus, where pedagogic methods designed to promote collaborative learning, such as group-based
problem-solving, team-based learning and project work were demonstrated as being a double-edged sword.
They created opportunities for students to realise what they needed to learn and work on, and provided peers
to help with this, but this could feel exposing. The data suggested that students could learn to work with this
discomfort collectively, through interacting and shared cognitive and emotional processes, as Student66 implies:
“I think my peers also might have felt overwhelmed during the session however the active discourse between us when
answering the problem should have hopefully put them at ease” (Student66, FONS).

Our study suggests that in these challenging STEMM learning contexts, social comparison’®® functioned in
complex and contradictory ways and was related to the nature and quality of evidence that students used to judge
achievement of their own and others’ goals.

Unbhelpful social comparison

Student data suggested that they sometimes used the emotions they perceived or inferred in peers as social
information to judge their comparative academic ability and progress. Some students also made social
comparisons based on assumptions that peers experienced more positive or less negative emotion than them, as
Student244 illustrates:

“Good and also a bit miserable. It was a nice seminar. I like when I can talk to people and learn new things
from them. But I also felt as if  was doing nothing this whole year as I didn't remember nearly anything...
it was an exciting seminar I wanted to learn more but also the feeling of me being a failure came to the
surface...[Peers feel] that they are confident and it’s fun for them” (Student244, FoNS).

Student participants reporting negative emotion were more likely to compare their academic ability unfavorably
with that of peers. Despite this, as Student244 demonstrates, negative emotion from cognitive and emotional
comparison could be balanced, to some extent, by positive emotion created through social interaction.

In these collaborative learning settings, our data also suggested that many students’ constructions of
their emotional experiences were influenced both by comparisons of what they contributed cognitively and
emotionally, as well as what they gained. A perceived inability to contribute could result in negative and
contradictory emotions, that were not supportive of learning: “(I feel] Relaxing whilst useless. I'm not making as
much contribution like my teammate]...] They’re stronger than me, not that its bad, but I just sometime feel like
kind of a burden” (Student14, FoE).

Some responses implied that collaborative learning conferred combined cognitive and emotional loads, that
may be under-recognised: "Highly taxing]...]I have trouble understanding how I contribute” (Student45, FoE).

Such data also provides more nuanced insight into how control and value influence emotion in learning
when students who want to gain and contribute from collaboration feel they cannot.

Helpful social comparison

Some students’ responses demonstrated that comparing themselves to peers they perceived as progressing well
academically created an opportunity to improve, and these students tended to report cognitions consistent with
a growth mindset®®. Contributing factors included opportunity for repeated practice and tangible evidence of
group members’ cognitive development, in Student279s case, in the form of attempted problem sheets:

“the seminar means easier way to find weakness in learning and solving problems. It is activating, as our
peers are pushing me to do better in my study]...]They showed great progress in every week and this helps
me to get motivated” (Student279, FoNS).

Student data suggested that social comparison can have more beneficial emotional and cognitive impact when
members of the group can make evidence-informed comparisons, as opposed to assuming that peers are
‘naturally better’ Student83’s quote illustrates how some student participants, especially in second year cohorts,
recognised that diverse strengths and ways of working could be usefully compared and shared, a process we are
calling ‘normalising social comparison’. “We are all trying and have different strength. Everyone is sharing their
thoughts and explaining how they reached each answer” (Student83, FONS).

Emotion-informed comparison

Many students reported feeling similar to peers and, even when this was not in relation to positive emotions,
this sense of emotional connection seemed beneficial. This may have been because others’ emotions informed
students’ appraisals of their own ability to cope and achieve their goals®, especially with mutual support.
They referred to ‘being allies’ and ‘in it together, suggesting emotional convergence contributed to group
identification®:

"Everyone feels the same way, so I don't feel as isolated or concerned that I'm the only one feeling this way.
So in that sense there is a group morale in that we all ‘struggle together’ but it’s helpful to lean on others
and talk to each other when we're stressed out” (Student48, FoE).

In some cases, being able to contribute empathetically, in the same way as peers, became a goal: “[Peers] are non-
judgemental and helpful[...]I aim to reflect the same feeling” (Student112, FoNS).
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Teachers did not seem to recognise emotion-informed comparison amongst their students. Teacher1’s example
below of a lab-based student group could be interpreted as peers comparing their cognitive understanding and
collectively regulating their emotion around fear of looking like they don’t know:

“One of the most annoying things actually, you hear a little group of students telling each other that they
don’t know what to do. So "Do you know what to do?" "No, I don’t know what to do." "Do you know what
to do?" "No, I don’t know what to do."[...]"Nobody knows what to do." And you’re standing right there
and you would help them[...]You go up to them and ask them, "Do you need some help?" Some of them
will say ‘yes, sometimes even still they say ‘no” (Teacherl, FoNS).

Teacherl’s annoyance, they explained, is because they do not expect students to know and feel that their goal to
help is explicit. Although Teacherl, unsurprisingly, did not recognise it, this peer conversation may represent
an important example of emotion socialization. Some teachers perceived comparison as competitive behaviour
and described feeling frustrated, including because competitiveness was misaligned with teachers’ goals for
collaborative learning.

Discussion and implications for practice

We found, perhaps contrary to popular belief, that being in challenging STEMM contexts were emotional
experiences for both teachers and their students, especially when group-based learning involved reciprocal
cognitive and emotional interactions. Our data demonstrate that participants in this study experienced diverse
and contrasting emotions as they pursued their learning and teaching goals, and that they influenced each other’s
emotion through this process. They also demonstrated awareness and understanding of each other’s emotions
and even associated goals.

Student responses suggested that they constructed differing emotions in relation to grappling with
challenging knowledge and complex cognitive processes. Based on our data, we suggest that students both
construct and make meaning of their emotions in relation to their developing understanding of university
appropriate, cognitive goals and their changing relationship with knowledge. We hypothesise that this may be
partially accounted for by students’ differing and transforming epistemic beliefs. These can range from ‘absolute
knowing, believing knowledge is certain and there is a correct answer, to ‘contextual knowing, being able to
accept uncertainty, and evaluate and apply knowledge within a specific context™. It is suggested that these
epistemic beliefs and associated goals transform as students progress through university study, influenced by
their development and social context’. Making this transitional process explicit to students could help them
to understand new educational goals, transform epistemic beliefs and regulate associated emotions. Our data
demonstrates that peers, with their varied and developing perspectives, are important contributors to this aspect
of learning. We suggest that through collaborative learning and resultant emotion socialization, students can
develop awareness of how emotion and knowledge-related goals interact and the value of peer support in this.
This could be more deliberately communicated through STEMM teaching, including connections to future
professional goals. For example, emotional competence is valuable in STEMM-related careers, where ‘contextual
knowing’ is often used in combination with emotion to make collaborative decisions and solve problems in the
face of inherent uncertainty*! and inevitable failed attempts'®. Teachers should be supported by their universities
to model difficulties in working with complex STEMM knowledge, demonstrating ‘intellectual candour), without
feeling extreme discomfort or risking loss of credibility*2.

Students’ tendency to evaluate progress towards their academic goals through social comparison®® led to
a range of experiences, some more emotionally and cognitively beneficial than others. Social comparison is
especially important at times of uncertainty, when it may be more important to judge whether we are performing
at the expected standard**. Based on our findings, we recommend offering regular practice opportunities
with feedback, and encouraging more evidenced approaches to supplement students’ inferences about peers’
assumed ability and emotions, to foster ‘normalising social comparison. This included peers discussing how
they felt about learning and sharing appropriate strategies. Specifically in group-based learning, conversations
about contribution that recognises different strengths and guidance on how to regulate emotions specifically
experienced in collaborative learning’ is recommended. Teachers should recognise and facilitate helpful social
comparison and emotional support between peers. Gathering and sharing anonymised emotion data, such as
that generated in this study’s questionnaires, could inform students’ social appraisals of emotion®’, making them
more accurate.

Based on our findings, we suggest that empathy, defined as the capability to perceive, understand and respond
to the emotional experiences of others?, as our participants variously demonstrated, should be framed as a
cognitive competency*® that members of STEMM collaborative learning contexts use reciprocally to understand
each other’s emotions and associated goals, and collaborate to achieve these. We posit that this could be better
supported by more explicit discussion about educational goals in STEMM curricula, including broadening them
to promote socioemotional learning. In order to address these goals, equipping students to cope with demands
of academic study and professional decision-making, we argue that the highly effective, yet currently invisible,
process of emotion socialization should be made more explicit. We have demonstrated that STEMM socializing
agents already contribute to this process. Greater acknowledgement of its value would enable all students and
teachers to continue developing emotionally and cognitively. The goal here is not uniformity of emotional
experience, but to use understanding of emotional variation in learning and teaching as a lens to inform and
drive more inclusive practice.
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Limitations

These findings are from a single site study, although we have sampled teaching from multiple STEMM disciplines
and teaching contexts, and hope to have offered sufficient insight to enable consideration of the applicability of
ideas discussed, and further research, in distinct university contexts. This study also involved purposively selected
teachers, whose practice and context were known to us, and who were already using innovative, collaborative
approaches, and volunteering students, and we accept that this may have introduced selection bias. Despite this,
there was no prior awareness of teachers’ or students’ levels of emotional competence.

Conclusion

Through our study, we have demonstrated the richness and complexity of connections between cognition
and emotion in STEMM university learning and teaching, constructed as individuals continually negotiate
relationships with knowledge and evaluate goal achievement, including through comparison. We highlight the
benefits, for a group’s cognitive, social and emotional development, of making explicit such connections, that are
unlikely to be acknowledged otherwise. This study offers possibilities for capitalising on interactions between
university teachers and students and the ways that they reciprocally influence cognition and emotional well-
being.

Data availability
Data are available from the corresponding author on a reasonable request, within the limits and restrictions of
ethical approval.

Received: 19 July 2023; Accepted: 9 September 2024
Published online: 17 September 2024

References
1. Barrett, L. E. How Emotions are Made: The Secret Life of the Brain (Pan Macmillan, 2017).
2. Parkinson, B. Emotions are social. Br. J. Psychol. 87 (Pt 4), 663-683. https://doi.org/10.1111/j.2044-8295.1996.tb02615.x (1996).
3. Lobczowski, N. G., Lyons, K., Greene, J. A. & McLaughlin, J. E. Socioemotional regulation strategies in a project-based learning
environment. Contemp. Educ. Psychol. 65, 101968. https://doi.org/10.1016/j.cedpsych.2021.101968 (2021).
4. Van Kleef, G. A. How emotions regulate social life: The emotions as social information (EASI) model. Curr. Dir. Psychol. Sci. 18,
127-188 (2009).
5. Immordino-Yang, M. H. Emotions, Learning and the Brain: Exploring the Educational Implications of Affective Neuroscience (WW
Norton Co., 2016).
6. Immordino-Yang, M. H., Darling-Hammond, L. & Krone, C. R. Nurturing nature: How brain development is inherently social and
emotional, and what this means for education. Educ. Psychol. 54, 185-204. https://doi.org/10.1080/00461520.2019.1633924 (2019).
7. Vogel, S. & Schwabe, L. Learning and memory under stress: Implications for the classroom. NPJ Sci. Learn. 1, 16011. https://doi.
org/10.1038/npjscilearn.2016.11 (2016).
8. Pekrun, R. & Linnenbrink-Garcia, L. Introduction to emotions in education. in International Handbook of Emotions in Education
(eds Pekrun, R. & Linnenbrink-Garcia, L.) Ch. 1, 1-10 (Routledge, 2014).
9. Mezirow, J. An overview on transformative learning. in Contemporary Theories of Learning. Learning Theorists...In Their Own
Words (ed Knud, I.) 90-105 (Routledge, 2009).
10. Firestein, S. Failure: Why Science is so Successful (OUP, 2015).
11. Sinatra, G. M., Broughton, S. H. & Lombardi, D. Emotions in science education. in International Handbook of Emotions in
Education (eds Pekrun, R. & Linnenbrink-Garcia, L.) Ch. 21, 415-436 (Routledge, 2014).
12. Pekrun, R. The control-value theory of achievement emotions: Assumptions, corollaries, and implications for educational research
and practice. Educ. Psychol. Rev. 18, 315-341. https://doi.org/10.1007/s10648-006-9029-9 (2006).
13. Alonso, J. et al. Severe role impairment associated with mental disorders: Results of the WHO world mental health surveys
international college student project. Depress. Anxiety 35, 802-814. https://doi.org/10.1002/da.22778 (2018).
14. Eisenberg, N., Cumberland, A. & Spinrad, T. L. Parental socialization of emotion. Psychol. Inq. 9, 241-273. https://doi.org/10.1207/
§15327965pli0904_1 (1998).
15. Valiente, C., Swanson, J., DeLay, D., Fraser, A. M. & Parker, J. H. Emotion-related socialization in the classroom: Considering the
roles of teachers, peers, and the classroom context. Dev. Psychol. 56, 578-594. https://doi.org/10.1037/dev0000863 (2020).
16. Cekaite, A. & Ekstrom, A. Emotion socialization in teacher-child interaction: Teachers’ responses to children’s negative emotions.
Front. Psychol. 10, 1546. https://doi.org/10.3389/fpsyg.2019.01546 (2019).
17. Norman, E. & Furnes, B. The concept of “Metaemotion”: What is there to learn from research on metacognition?. Emot. Rev. 8,
187-193. https://doi.org/10.1177/1754073914552913 (2016).
18. Taxer, J. L. & Gross, J. J. Emotion regulation in teachers: The “why” and “how”. Teach. Teach. Educ. 74, 180-189. https://doi.
org/10.1016/j.tate.2018.05.008 (2018).
19. Smith, E. R. & Mackie, D. M. Intergroup emotions. in Handbook of Emotions (eds Barrett, L. E, Lewis, M. & Haviland-Jones, J.) Ch.
23, 412-439 (The Guilford Press, 2016).
20. Marshall, S., Fry, H. & Ketteridge, S. in A Handbook for Teaching and Learning in Higher Education. Enhancing academic practice
(eds Marshall, S., Fry, H. & Ketteridge, S.) (Routledge, 2014).
21. Riva, E. et al. Student wellbeing in the teaching and learning environment: A study exploring student and staff perspectives. High.
Educ. Stud. 10, 103. https://doi.org/10.5539/hes.v10n4p103 (2020).
22. Mesquita, B. Between us: How Cultures Create Emotions (Norton, 2022).
23. Gross, J. ]. Emotion regulation: Current status and future prospects. Psychol. Inq. 26, 1-26. https://doi.org/10.1080/104784
0x.2014.940781 (2015).
24. Somerville, L. H. Emotional development of adolescence. in Handbook of Emotions (eds Barrett, L. F., Lewis, M. & Haviland-Jones,
J.) Ch. 20, 350-365 (The Guilford Press, 2016).
25. Garner, P. W. Emotional competence and its influences on teaching and learning. Educ. Psychol. Rev. 22, 297-321. https://doi.
0rg/10.1007/s10648-010-9129-4 (2010).
26. Bolier, M., Doulougeri, K., de Vries, J. & Helmich, E. “You put up a certain attitude”: A 6-year qualitative study of emotional
socialization. Med. Educ. 52, 1041-1051. https://doi.org/10.1111/medu.13650 (2018).
27. Kandiko Howson, C. & Kingsbury, M. Curriculum change as transformational learning. Teach. High. Educ. 28, 1847-1866. https://
doi.org/10.1080/13562517.2021.1940923 (2021).

Scientific Reports |

(2024) 14:21660 | https://doi.org/10.1038/s41598-024-72656-w nature portfolio


https://doi.org/10.1111/j.2044-8295.1996.tb02615.x
https://doi.org/10.1016/j.cedpsych.2021.101968
https://doi.org/10.1080/00461520.2019.1633924
https://doi.org/10.1038/npjscilearn.2016.11
https://doi.org/10.1038/npjscilearn.2016.11
https://doi.org/10.1007/s10648-006-9029-9
https://doi.org/10.1002/da.22778
https://doi.org/10.1207/s15327965pli0904_1
https://doi.org/10.1207/s15327965pli0904_1
https://doi.org/10.1037/dev0000863
https://doi.org/10.3389/fpsyg.2019.01546
https://doi.org/10.1177/1754073914552913
https://doi.org/10.1016/j.tate.2018.05.008
https://doi.org/10.1016/j.tate.2018.05.008
https://doi.org/10.5539/hes.v10n4p103
https://doi.org/10.1080/1047840x.2014.940781
https://doi.org/10.1080/1047840x.2014.940781
https://doi.org/10.1007/s10648-010-9129-4
https://doi.org/10.1007/s10648-010-9129-4
https://doi.org/10.1111/medu.13650
https://doi.org/10.1080/13562517.2021.1940923
https://doi.org/10.1080/13562517.2021.1940923
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

28. Charalambous, M., Hodge, J. A. & Ippolito, K. Statistically significant learning experiences: Towards building self-efficacy of
undergraduate statistics learners through team-based learning. Educ. Action Res. 29, 1-19. https://doi.org/10.1080/09650792.2020
.1782240 (2020).

29. Radzikowski, J. L., Delmas, L. C., Spivey, A. C., Youssef, J. & Kneebone, R. The chemical kitchen: Toward remote delivery of an
interdisciplinary practical course. J. Chem. Educ. 98, 710-713. https://doi.org/10.1021/acs.jchemed.0c01047 (2021).

30. James, M. et al. Collaborative case-based learning with programmatic team-based assessment: A novel methodology for developing
advanced skills in early-years medical students. BMC Med. Educ. 22, 81. https://doi.org/10.1186/s12909-022-03111-5 (2022).

31. Braun, V. & Clarke, V. Thematic Analysis: A Practical Guide (Sage, 2022).

32. Savin-Baden, M. & Howell Major, C. Qualititive Research the Essential Guide to Theory and Practice (Routledge, 2013).

33. Denzin, N. K. The Research Act: A Theoretical Introduction to Sociological Methods (Routledge, 2009).

34. Bandura, A. Self-efficacy. In Encyclopedia of Human Behavior Vol. 4 (ed. Ramachaudran, V. S.) 71-81 (Academic Press, 1994).

35. Festinger, L. A Theory of social comparison processes. Hum. Relat. 7, 117-140. https://doi.org/10.1177/001872675400700202
(1954).

36. Dweck, C. S. Mindset (Robinson, 2017).

37. Manstead, A. S. R. & Fischer, A. H. Social appraisal: The social world as object of and influence on appraisal processes. In Appraisal
Processes in Emotion: Theory, Methods, Research (eds Scherer, K. R. et al.) 221-232 (Oxford University Press, 2001).

38. Parkinson, B. Heart to Heart: How Your Emotions Affect Other People (Cambridge University Press, 2019).

39. Baxter Magolda, M. B. Evolution of a constructivist conceptualization of epistemological reflection. Educ. Psychol. 39, 31-42.
https://doi.org/10.1207/s15326985ep3901_4 (2010).

40. Bock, M. T. Baxter Magolda’s epistemological reflection model. New Dir. Stud. 29-40, 1999. https://doi.org/10.1002/s5.8803 (1999).

41. Lonngren, J., Direito, I, Tormey, R. & Huff, J. L. Emotions in engineering education. In International Handbook of Engineering
Education Research (ed. Johri, A.) 156-182 (Routledge, 2023).

42. Molloy, E. & Bearman, M. Embracing the tension between vulnerability and credibility: “Intellectual candour” in health professions
education. Med. Educ. 53, 32-41. https://doi.org/10.1111/medu.13649 (2019).

43. Burleson, K., Leach, C. W. & Harrington, D. M. Upward social comparison and self-concept: Inspiration and inferiority among art
students in an advanced programme. Br. J. Soc. Psychol. 44, 109-123. https://doi.org/10.1348/014466604X23509 (2005).

44. Kamarova, S., Papaioannou, A. & Chatzisarantis, N. Editorial: Current perspectives on social comparisons and their effects. Front.
Psychol. 12, 739783. https://doi.org/10.3389/fpsyg.2021.739783 (2021).

45. Szanto, T. & Krueger, J. Introduction: Empathy, shared emotions, and social identity. Topoi 38, 153-162. https://doi.org/10.1007/
$11245-019-09641-w (2019).

46. Gilbert, T. et al. Compassion on university degree programmes at a UK university. J. Res. Innov. Teach. Learn. 11, 4-21. https://doi.
0rg/10.1108/jrit-09-2017-0020 (2018).

Acknowledgements
The authors would like to acknowledge the research participants for their time and insight and Dr. Jess Butler
for their feedback on an early draft.

Author contributions

The study was conceptualised by K.I. and M.K. K.I. recruited the participants, conducted interviews and collect-
ed questionnaire data. Data coding was conducted by K.I. and themes were developed through discussion be-
tween K.I. and M.K. Both authors wrote and revised the manuscript and have read and approved the final draft.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.
0rg/10.1038/541598-024-72656-w.

Correspondence and requests for materials should be addressed to K.I.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:21660 | https://doi.org/10.1038/s41598-024-72656-w nature portfolio


https://doi.org/10.1080/09650792.2020.1782240
https://doi.org/10.1080/09650792.2020.1782240
https://doi.org/10.1021/acs.jchemed.0c01047
https://doi.org/10.1186/s12909-022-03111-5
https://doi.org/10.1177/001872675400700202
https://doi.org/10.1207/s15326985ep3901_4
https://doi.org/10.1002/ss.8803
https://doi.org/10.1111/medu.13649
https://doi.org/10.1348/014466604X23509
https://doi.org/10.3389/fpsyg.2021.739783
https://doi.org/10.1007/s11245-019-09641-w
https://doi.org/10.1007/s11245-019-09641-w
https://doi.org/10.1108/jrit-09-2017-0020
https://doi.org/10.1108/jrit-09-2017-0020
https://doi.org/10.1038/s41598-024-72656-w
https://doi.org/10.1038/s41598-024-72656-w
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Reciprocal cognitive and emotional interaction in STEMM university learning and teaching
	﻿Emotion in learning
	﻿Emotion socialization in a university context
	﻿Methods
	﻿Study design
	﻿Data collection
	﻿Data analysis

	﻿Results
	﻿Relationships with knowledge
	﻿Developing cognitive goals
	﻿STEMM teachers not knowing everything
	﻿Recognising interrelationships between knowing and feeling
	﻿Knowledge-related emotional connections


	﻿Cognition- and emotion-based comparison
	﻿Evidence of academic goal achievement
	﻿Unhelpful social comparison
	﻿Helpful social comparison
	﻿Emotion-informed comparison

	﻿Discussion and implications for practice
	﻿Limitations
	﻿Conclusion
	﻿References


