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Abstract: This study investigates how epistemic emotions and discourse moves interact to support collective knowledge
advancement in a university-level Knowledge Building environment. Thirty-five undergraduate students participated in
a ten-week interdisciplinary course using Knowledge Forum®, where they collaboratively engaged in progressive
inquiry and tagged their notes with self-reported epistemic emotions. A mixed-methods approach was employed,
combining learning analytics and content analysis to compare high and low contributors, alongside thematic analysis
of high-engagement discourse episodes. Quantitative results showed that high contributors expressed significantly more
epistemic emotions of challenge, neutrality, and enjoyment, and employed more advanced discourse moves, including
sustained inquiry and explanation improvement. Qualitative analysis revealed three affective—discursive mechanisms:
(1) emotion-driven inquiry that stimulated conceptual expansion, (2) emotionally positioned theorizing that supported
conceptual deepening, and (3) emotion-regulated synthesis that enabled collaborative integration of ideas. These
findings suggest that epistemic emotions are not peripheral to learning but act as cognitive resources that shape the
development of progressive discourse.
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1. Introduction

The transformation of education to support authentic knowledge creation has become a central
concern in the learning sciences (Hoidn & Karkkdinen, 2014). Among the frameworks developed in
response to this challenge, Knowledge Building offers a distinctive approach in which classrooms
are conceptualized as knowledge-creating communities. In these communities, learners
collaboratively engage in the improvement of ideas, with the central goal of advancing community
knowledge (Scardamalia & Bereiter, 2014). Rather than prioritizing individual acquisition or
comprehension, Knowledge Building emphasizes epistemic agency, collective responsibility, and
the co-construction of conceptual artifacts that are improvable and valuable to the wider community.
To support such inquiry, Knowledge Forum® provides a digital environment where students can
pose problems, articulate emerging theories, and refine ideas through sustained discourse. Scaffolds
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such as “my theory,” “a better theory,” and “putting our ideas together” are embedded within the
platform to promote metacognitive reflection and progressive discourse. Prior research has
examined how students engage in discourse practices—such as explanation, elaboration, and theory

building—that contribute to collective knowledge advancement (Chen & Hong, 2016). Building on
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this foundation, our earlier work designed a Knowledge Building environment in which
undergraduate students engaged in self-directed learning trajectories and reflected on their
participation in community knowledge processes. Through iterative design-based research, we
found that students developed deeper epistemic awareness, adopted increasingly sophisticated
discourse strategies, and made more substantial contributions to collective knowledge advancement
over time (Feng, et al., 2023).

While discourse-centered analyses have yielded critical insights into the cognitive and
collaborative dimensions of Knowledge Building, relatively limited attention has been devoted to
the affective experiences that accompany and potentially shape students’ engagement in knowledge-
building processes. Epistemic emotions — such as curiosity, confusion, interest, and frustration—
are known to arise in contexts involving uncertainty, complexity, or conceptual conflict. These
emotions are not merely by-products of learning but are increasingly recognized as playing a
constitutive role in students’ engagement, persistence, and responsiveness during inquiry. Emerging
studies have begun to explore how epistemic emotions manifest in Knowledge Building
environments. For example, Zhu et al. (2021) found that refining Knowledge Building practices
based on student feedback contributed to more positive emotional engagement. Teo et al. (2022)
employed multimodal data to show that epistemic emotions vary dynamically during collaborative
idea development. These findings suggest that emotional experiences are deeply embedded in
knowledge-building participation and may influence how learners interact with ideas and with one
another.

Despite these developments, few studies have systematically examined how epistemic emotions
and discourse moves are enacted together in the process of collective knowledge advancement.
Moreover, it remains unclear whether and how emotional and discursive engagement differ among
students who contribute substantively to the improvement of community knowledge. Addressing
this gap, the present study investigates how undergraduate students’ epistemic emotions and
discourse practices relate to their contributions to collective knowledge advancement in a
university-level Knowledge Building course. The course emphasized self-directed inquiry and
sustained engagement with community ideas. Students tagged their written contributions with self-
reported epistemic emotions, enabling a detailed analysis of the co-occurrence between emotion and
discourse. We focus on how these dimensions vary among students with differing levels of
contribution to community knowledge advancement, and how they are enacted in the context of
progressive inquiry. This study is guided by the following research questions:

1. To what extent do high and low contributors differ in their use of epistemic emotions and
discourse moves associated with collective knowledge advancement?

2. How did undergraduates engage in epistemic emotions and discourse moves towards collective
knowledge advancement?

By examining the emotional and discursive dynamics that underpin collective knowledge
advancement in Knowledge Building, this study seeks to advance a more integrated understanding
of how affective and cognitive practices jointly support knowledge-creating participation in
collaborative learning environments.

2. Methods
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2.1. Participants

Thirty-five undergraduate students from a science and engineering university in Shenzhen,
China, participated in this study. All participants were enrolled in a liberal arts elective course titled
Education and Modern Technology, which was offered to students from diverse science and
engineering majors. The course aimed to foster interdisciplinary inquiry into the relationship
between education, society, and technological development. Participation in the study was voluntary,
and all students provided informed consent.

2.2. Knowledge Building context and pedagogical design

This ten-week course, Education and Modern Technology, was designed as an interdisciplinary
elective for undergraduate science and engineering students. It was grounded in the principles of
Knowledge Building, which conceptualizes education as a process of collectively advancing ideas
within a knowledge-creating community (Scardamalia & Bereiter, 2014). The pedagogical design
emphasized sustained inquiry, epistemic agency, and progressive discourse. All collaboration
occurred within Knowledge Forum®, a computer-supported collaborative learning platform
enabling students to post notes, build on each other’s ideas, and visualize discourse. To support
metacognitive and affective engagement, students were encouraged—but not required—to use two
types of scaffolds when composing notes: (1) Epistemic discourse scaffolds, including prompts such
as “My idea”, “A better idea”, and “Putting our ideas together”, aimed to guide sustained inquiry. (2)
Epistemic emotion scaffolds, including “confused”, “challenged”, “surprised”, “curious”, “neutral”,
“frustrated”, and “happy”, supported students’ reflection on affective experiences during inquiry.
The learning process unfolded through three emergent phases of collective inquiry, each
representing a shift in epistemic goals and discourse engagement.

2.2.1. Phase 1: Ideation (Weeks 1-3)

Students initiated inquiry by engaging with foundational prompts such as Our Vision for

Education and The History of Education and Technology. Through collaborative exploration, they
identified key issues related to educational purpose, modern vs. traditional technologies, learning
theories, social relations, and team collaboration. Epistemic discourse scaffolds were frequently
used to articulate, refine, and connect ideas, while emotion tags enabled reflection on cognitive
challenges and curiosity.
As illustrated in Figure 1, one group centered their inquiry on the core problem: How can
educational equity be effectively achieved amid educational transformation? Their dialogue
expanded into subtopics such as education and social change, education transformation and policy,
social development, and talent needs. Through iterative discourse, the group collaboratively co-
created a problem-solving poster, synthesizing their key insights and proposing actionable
directions for change.
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Fig. 1 A Knowledge Forum view

2.2.2. Phase 2: Learning journey design (Weeks 4—6)

Building on their initial exploration, students engaged in designing visual models of their

inquiry trajectories — referred to as learning journeys — to reflect how their understanding evolved

over time. These models were shared in Knowledge Forum for peer feedback, allowing the learning

community to collectively reflect on the processes of theory refinement and idea improvement.

As shown in Figure 2, different groups emphasized distinct aspects of inquiry: one model

highlighted the importance of collaboration and reflection, while another underscored iteration and

feedback loops. Despite stylistic variation, all models demonstrated a shared epistemic commitment

to progressive idea improvement, aligning with core Knowledge Building principles.
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Fig.2 Student designed learning journey for Knowledge Building

2.2.3. Phase 3: Progressive idea improvement with the designed learning journey (Weeks 7—10)

In the final phase, students extended their inquiry into broader conceptual domains, drawing

from historical, philosophical, and systemic perspectives on education and technology. Each of the

six groups selected a thematic focus—such as educational equity, technological transformation, or
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education and social development—and pursued sustained investigation through collective
discourse.
Revisiting Figure 1, the group exploring educational equity deepened their inquiry into the
subdomains of policy innovation, social inclusion, and talent development. Their earlier learning
journey served as a conceptual scaffold, helping them align discourse with thematic goals and
maintain coherence across inquiry episodes. Each group synthesized their findings into a
collaborative poster, representing both a knowledge artifact and a shared contribution to community
understanding.
2.3. Data Sources and data analysis

The primary dataset consisted of 328 notes authored by 35 students over ten weeks of
collaborative discourse in Knowledge Forum®. The analysis proceeded in three stages, combining
quantitative comparisons and qualitative interpretation to examine students’ emotional and
discourse engagement in relation to their contribution to collective knowledge advancement.
2.3.1. Identifying contribution levels

The learning analytics tool KBDeX (Oshima et al., 2012) was utilized to distinguish
undergraduates with high and low contributions to collective knowledge advancement. According to
knowledge-building research on KBDeX, a higher Total Degree Centrality denotes more collective
knowledge advancement (Oshima et al., 2021). Here, Note Contribution is defined as the
contribution of a note to collective knowledge advancement and calculated as the difference in Total
Degree Centrality between the current and the previous Knowledge Forum discourse (note) network.
Then each note’s author was identified to calculate each student’s contribution to the collective
knowledge advancement (Feng et al., 2020). Finally, 17 students were identified as high
contributors, while 18 were identified as low contributors.
2.3.2. Emotion and discourse coding with statistical analysis

The study compared undergraduates’ engagements of epistemic emotions and discourse moves
between high and low contributors using content analysis. Firstly, the numbers and percentages of
students’ epistemic emotions of confusion, challenged, surprise, curiosity, neutral, frustration, and
enjoyment (Han et al., 2021; Teo et al., 2022; Zhu et al., 2022) from each Knowledge Forum note
were calculated (students labeled their epistemic emotions in each Knowledge Forum note when
creating it). Then students’ Knowledge Forum notes were coded with a coding framework
composed of several categories, including Questioning, Theorizing, and Community. These
categories draw upon theoretical frameworks for progressive inquiry (Hakkarainen, 2003) and
knowledge creation (Chuy et al., 2011). Coding for each note was done independently by two raters,
who then came together for social moderation to reach an agreement (Cohen’s kappa= .79).
Disagreements were settled after discussion. Finally, the epistemic emotions and discourse moves
adopted by high and low contributors were compared using one-way MANOVA.
2.3.3. Thematic analysis of high-engagement episodes

To complement the quantitative findings, a qualitative thematic analysis was conducted on
selected notes that exemplified students’ integration of epistemic emotions and discourse practices
in the process of idea improvement. This analysis sought to uncover how emotional and cognitive
engagement co-occurred in episodes of productive discourse, thereby enriching our understanding

of the mechanisms supporting community knowledge advancement.
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3. Results

3.1. RQI1: To what extent do high and low contributors differ in their use of epistemic emotions
and discourse moves associated with collective knowledge advancement?
3.1.1. Differences in epistemic emotions

Table 1 presents the frequencies and proportions of epistemic emotions expressed by high and
low contributors. High contributors reported higher levels of challenged (17.48% vs. 15.57%),
neutral (35.44% vs. 30.33%), and enjoyment (25.73% vs. 24.59%) emotions, as well as slightly
more instances of frustration (2.43% vs. 0.82%). In contrast, low contributors expressed more
confusion (13.11% vs. 7.28%) and surprised (4.10% vs. 1.46%) emotions.
A one-way MANOVA revealed a significant overall difference in the use of epistemic emotions
between the two groups, F(7, 27) = 3.90, p = .005, Wilks’ A = .50, partial eta® = .50. Follow-up
univariate ANOVAs indicated that high contributors expressed significantly more challenged (F(1,
33) =4.60, p = .039, partial eta’ = .12), neutral (F(1, 33) = 15.98, p <.001, partial eta’ = .33), and
enjoyment (F(1, 33) = 4.54, p = .041, partial efa’ = .12) emotions. These findings suggest that
students who expressed greater levels of emotional engagement — particularly emotions such as
challenged, neutral, and enjoyment — were more likely to contribute meaningfully to the
community’s collective knowledge advancement.

Table 1. Frequencies and percentages of epistemic emotions conducted by high and low

contributors

High contributors Low contributors

f % (1/206) f % (£/122)
Confusion 15 7.28 16 13.11
Challenged 36 17.48 19 15.57
Surprised 3 1.46 5 4.10
Curiosity 21 10.19 14 11.48
Neutral 73 35.44 37 30.33
Frustration 5 2.43 1 0.82
Enjoyment 53 25.73 30 24.59

3.1.2. Differences in discourse moves

As shown in Table 2, the high contributors used more higher-level discourse moves than the
lower contributors. For example, compared with low contributors, they engaged in more sustained
inquiry (12.14% vs. 6.56%), improving an explanation (17.48% vs. 12.30%), and lending support
(4.85% vs. 4.10%). One-way MANOVA results reveal a significant difference in students’ usage of
discourse moves between the high and low contributors, F(8, 26) = 3.53, p = .007, Wilks’ A = .48,
partial efa* = .52. In follow-up univariate ANOVAs, higher contributors show significantly higher
values of Questioning-sustained inquiry (F(1, 33) = 7.12, p = .012, partial eta’ = .18), Theorizing-
supporting an explanation (F(1, 33) = 8.55, p = .006, partial eta’ = .21), and Theorizing-improving
an explanation (F(1, 33) = 9.47, p = .004, partial efa’ = .22). These results indicate that student who
contributed more substantively to collective knowledge advancement tended to engage in deeper
Questioning and more sophisticated Theorizing, supporting the emergence of progressive discourse.

Table 2. Frequencies and percentages of discourse moves used by high and low contributors

High contributors Low contributors
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f % (£1206) f % (f/122)

Questioning

Explanation seeking (ES) 12 5.83 8 6.56
Sustained inquiry (SI) 25 12.14 8 6.56
Theorizing

Proposing an explanation (PE) 69 33.50 54 44.26
Supporting an explanation (SE) 40 19.42 19 15.57
Improving an explanation (IE) 36 17.48 15 12.30
Community

Synthesis (SS) 2 0.97 1 0.82
Shared regulation (SR) 12 5.83 13 9.84
Lending support (LS) 10 4.85 5 4.10

3.2. RQ2: How did undergraduates engage in epistemic emotions and discourse moves towards
collective knowledge advancement?

To investigate how undergraduates engaged in epistemic emotions and discourse moves to
support collective knowledge advancement, we conducted a thematic analysis of discourse episodes
contributed by high-contributing students. The analysis revealed three interrelated mechanisms
through which epistemic emotions and discourse practices were dynamically coupled to foster
progressive discourse. Each theme corresponds to a distinct phase of knowledge-building:
conceptual expansion, conceptual deepening, and collaborative integration.

3.2.1. Emotion-driven inquiry as a trigger for conceptual expansion

Epistemic emotions such as curiosity, challenged, and frustration served as affective triggers
that prompted students to generate open-ended questions and initiate sustained inquiry. These
emotionally charged questions helped expand the problem space and led the group into new
conceptual territories.

For instance, when discussing Educational Transformation, student s31 expressed curiosity
about the extent to which learners’ ideas are incorporated into policymaking:

[I feel curious] How much weight should the ideas of the educated take in the policy
formulation of educational transformation? ... I am curious about how many ideas of educated
people were incorporated when formulating policies for educational transformation.

This inquiry prompted peers to consider the tension between idealistic student voice and
practical policy constraints. Similarly, in a discussion on The Impact of Technology on Education,
student s29 expressed challenge in navigating the information landscape:

[I feel challenged] The threshold for obtaining knowledge is getting lower... How to extract
high-quality information from massive amounts of information is a new challenge for technology
and individuals.

Following this, student s06 posed a critical question about whether lowered educational
thresholds could lead to a decline in teaching quality:

[I feel challenged] Would lowering the educational threshold lead to a decline in the average
level of teaching staft?

In another discussion, student s25 expressed frustration about the difficulty of self-
understanding and posed a new question about how education can help individuals identify their
interests and talents:
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[I feel frustrated] I often have a feeling that I don’t necessarily know myself... I think education
can provide a more effective way for me to discover my own interests and talents?

These emotionally driven questions illustrate how epistemic emotions functioned as catalysts
for conceptual expansion, opening up new avenues for inquiry and community engagement.

3.2.2. Emotionally positioned theorizing for conceptual deepening

Students also used epistemic emotions to frame and position their theoretical stances, often in
the form of neutral, challenged, or frustration. These emotions accompanied discourse moves such
as improving explanations and elaborating ideas, signaling students’ efforts to refine, evaluate, or
reframe existing contributions.

For example, in the discussion on Educational Transformation, student sO1 neutrally elaborated
on vocational education and labor market dynamics:

[I feel neutral] Professionals should integrate the social situation with the school’s educational
achievements... For example, studying for a postgraduate to find a job, but not every position
requires the research ability of a postgraduate.

This positioned explanation built on earlier ideas and led peers like s26 to further integrate
perspectives on individual development and societal needs. In another discussion on What is
Education, student s33 expressed frustration regarding current assessment systems:

[I feel frustrated] The assessment criteria of the education system are sometimes not diverse
enough... The most important thing is to find the one that suits you.

This emotionally positioned challenge prompted further elaboration from peers on the need for
diverse evaluation methods and personalized learning.

In each case, emotions helped students frame their epistemic stance, providing both a cognitive
and social signal that invited deeper engagement and theory refinement. These episodes reflect a
process of conceptual deepening, where emotional cues guided the community toward more
elaborated and coherent explanations.

3.2.3. Emotion-regulated synthesis for collaborative integration

Students used emotionally regulated discourse—particularly involving neutral or challenged
expressions—to synthesize diverse ideas and set new directions for group inquiry. These
emotionally modulated contributions enabled students to integrate prior ideas and structure
collective understanding, supporting collaborative integration.

For instance, in the Educational Transformation discussion, student s14 challenged the group to
adopt a future-oriented perspective:

[I feel challenged] Education transformation should be future-oriented—to the values of the
people in the future, the technology of the future, and the society of the future... We should pay
more attention to future development and plan for the transformation of education.

This forward-looking synthesis led to a series of elaborations from peers on curriculum reform,
educational equity, and social change. Similarly, student s29 neutrally synthesized multiple group
perspectives on the relationship between education, society, and individual freedom:

[I feel neutral] Education should focus on the relationship between individuals and society...
However, this kind of freedom is still far from being realized... Such education is a waste of human
resources and something we must pay attention to.
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This synthesis note served as a conceptual anchor, prompting further inquiry into structural
constraints and the potential for educational reform.

These examples illustrate how emotion-regulated synthesis enabled students to manage
cognitive complexity and coordinate perspectives, facilitating the integration of ideas into a shared
knowledge structure.

4. Discussion and Conclusion

This study demonstrates that epistemic emotions play a functional role in collective knowledge
advancement within a Knowledge Building environment. High-contributing students expressed
more challenge, neutrality, and enjoyment, and engaged in advanced discourse moves such as
sustained inquiry and explanation improvement. Qualitative analysis revealed three mechanisms
through which emotions and discourse interacted: emotion-driven inquiry opened new conceptual
spaces; emotionally positioned theorizing refined ideas; and emotion-regulated synthesis integrated
group perspectives. These findings suggest that emotions are not peripheral to collaborative
learning but serve as cognitive resources that scaffold different phases of progressive discourse. By
illuminating how affective—discursive dynamics support conceptual expansion, deepening, and
integration, this study advances a more holistic understanding of knowledge-building participation.
Future work should explore how emotional engagement can be further supported through
pedagogical or technological scaffolds in diverse learning contexts.
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