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Introduction
Engaged and positive learners are a priority for any learning design. Learner engagement 
is a multi-faceted, dynamic, and highly contextualized construct that includes behavio-
ral, social, and cognitive elements (Sinha et al., 2015). Prior research has emphasized the 
importance of engagement in studies of social presence (e.g., Garrison & Arbaugh, 2007; 
Kreijns et al., 2013) as well as collaboration (e.g., Rummel et al., 2012; Xing et al., 2020). 
Students who are more engaged in collaboration were found to exhibit greater levels 
of elaboration and fewer ineffective learning strategies (Mullins et  al., 2011). Greeno 
(2006) observed that situational factors such as curriculum materials, tasks, pedagogical 
approaches, and learning environments may influence engagement.

Trowler (2010) found that student-centered pedagogical approaches (i.e., in which 
students actively constructing knowledge through inquiry and reflective activities, may 
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promote engagement. According to that view, knowledge Building may be described as 
a student-centered pedagogy, as well as “idea centered” emphasizing student voice and 
agency in determining what to work on and how to take collective responsibility for 
improving community knowledge (Scardamalia & Bereiter, 2006, 2014). We hypothesize 
that Knowledge Building contributes to students’ engagement, as a consequence of valu-
ing student voice and agency. Moreover, by involving students in curriculum design, we 
may improve their motivation, sense of relevance, and shared responsibility for learning 
(Bovill et al., 2011). Finally, digital media and technology environments (e.g., Knowledge 
Forum, Google Docs) can scaffold learners in Knowledge Building activities, further 
supporting engagement. To that end, we are studying how the inclusion of students in 
the design of Knowledge Building activities might influence their level of engagement 
with the curriculum, in a technology-enhanced learning environment.

Social, cognitive, and emotional engagement

Student engagement occurs when students are interested in, take active roles in, and 
commit to their own learning (Kuh et al., 2005; Wolf-Wendel et al., 2009). Sinha et al. 
(2015) conceptualized engagement as including behavioral, social, cognitive, and con-
ceptual-to-consequential forms. Fredricks et  al. (2004) identified three dimensions of 
student engagement: behavioral, social, and emotional, which were then investigated by 
Jung and Lee (2018) in their study of student engagement in MOOCs. This study inte-
grated these two classifications and investigated social, cognitive, and emotional forms 
of engagement. Social engagement is about the interaction quality of groups when com-
pleting tasks; Cognitive engagement refers to students’ cognitive effort to construct 
knowledge and solve tasks using domain-specific knowledge; and emotional engage-
ment describes students’ affective reactions (e.g., interest, enjoyment, sense of belong-
ing) to their learning experiences (Fredricks et al., 2004; Sinha et al. 2015).

Several studies have explored the relationships between engagement and students’ 
learning outcomes in collaborative learning. For example, Sinha et al. (2015) found that 
students’ behavioral, social and cognitive engagement has an impact on the quality of 
their designs, in terms of making connections to broader questions, constructing evi-
dence and rationales, and connecting to prior units. Arguedas et al. (2016) measured the 
engagement, motivation, self-regulation, and learning outcomes of high school students 
who were provided with an affective analysis of their discourse. They found that stu-
dents who were aware of their emotions improved in engagement, motivation, and self-
regulation. Jung and Lee’s (2018) study of MOOC learners indicated that their learning 
engagement is significantly influenced by academic self-efficacy, teaching presence, and 
perceived usefulness or relevancy of the MOOC.

Students’ active participation in learning is critical to their engagement (Bovill et al., 
2011). Students have unique perspectives on their learning and should be invited to 
share their insights regarding how to revise curricula (e.g., Brooker & Macdonald, 1999; 
Fielding, 2004; Rudduck & McIntyre, 2007). Students’ participation in curriculum design 
improves its relevance, changes power relations, enables the marginalized to speak and 
be heard, and contributes to students’ persistence and achievement (Bron & Veugelers, 
2014; Hattie, 2009; Oliver & Oesterreich, 2013).
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Knowledge Building

Knowledge Building is a socio-constructivist approach that emphasizes students’ col-
lective responsibility in their learning and places students’ ideas at the center (Scar-
damalia & Bereiter, 2006, 2014). Knowledge Building empowers students to work on 
ideas that they care about and continuously advance community knowledge. Ideas 
are considered as immaterial knowledge objects (e.g., languages, tales, scientific con-
jectures) that can be tested, criticized, questioned, and improved (Scardamalia et al., 
1994). Students engage in discourse moves such as asking questions, working with 
information, theorizing, integrating diverse ideas, identifying knowledge gaps, and 
improving explanations (Chen et al., 2017).

Knowledge Building involves socio-emotional and cognitive interactions amongst 
students (Dillenbourg, 1999). Cognitive interactions cannot be separated from 
social, motivational, emotional, and identity processes (Palincsar, 1998). In the cog-
nitive process of seeking explanatory coherence (Thagard, 2007), students must feel 
comfortable and motivated to identify the weaknesses or gaps in the community 
knowledge—suggesting the need for a positive social-emotional environment. Social-
emotional interactions have been shown to impact how students perceive their com-
munity climate and how they express their emotions (Bakhtiar et  al., 2017; Järvelä 
et al., 2016). Respectful and cohesive environments have been shown to enhance cog-
nitive interactions while unsupportive and disorganized environments may hinder 
collaboration (Isohätälä et al., 2019).

Interactive digital media are changing the way people learn and build knowledge. 
Resta and Laferrière (2007) identified four instructional advantages of using technolo-
gies to support collaborative learning and knowledge building. The first is preparing 
students with knowledge creation and collaboration skills, enabling students to formu-
late different ideas, views, and opinions within a shared social space. The second is that 
social interactions can serve as a source of cognitive advancement, which may foster 
deep understanding amongst students. Third, technologies add the flexibility of time and 
space for learners to involve in collaborative learning. Fourth, technologies make it eas-
ier to keep track of students’ collaborative work (e.g., online activities, behaviors, written 
discourse). Thus, by including such elements in our designs, we may promote student 
engagement in technology-enhanced Knowledge Building activities.

A variety of technologies and approaches can serve the goals of Knowledge Building. 
The Knowledge Forum (KF, Scardamalia, 2004) encourages students to advance commu-
nity knowledge because they all contribute ideas to a shared space, read the ideas pre-
sented by others and work together to engage in the Knowledge Building discourse (i.e., 
“building on” and “rising above” ideas from the community). More recently, technologies 
such as wikis and Google Drive (e.g., collaborative editing of docs, and comments) have 
been shown to support communities of learners in co-creating knowledge resources and 
building on one another’s ideas (Peters & Slotta, 2010). Within Google Docs, for exam-
ple, the shared access and permissions allow for social annotation of documents, such 
that one person can read another’s embedded comments (i.e., about a specific passage 
within a PDF text), and then reply in a threaded fashion. Technology environments can 
thereby support collective reading and discussion, with the potential to deepen students’ 
understanding of the materials and support their learning.
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Adopting the Knowledge Building approach involves respect for student voice about 
what they want to inquire about and how to inquire. However, student voice is rarely 
included in the overall architecture of the curriculum (e.g., which technology environ-
ments to use; what forms of discourse to emphasize; how long to engage in certain 
topics, and how to connect to the broader curriculum). In previous studies in higher 
education, instructors have typically created a context in which students are engaged in 
Knowledge Building—using Knowledge Forum, Google Docs, Moodle, or other technol-
ogy environments—but have not included students in the articulation of those designs 
(Chai & Zhu, 2021; Hong, et al., 2019a). This study investigated how highlighting student 
voice in the design of Knowledge Building activities may influence the level of social, 
cognitive, and emotional engagement with the curriculum in technology-enhanced 
learning environments.

Method
Participants and course design

Participants were 23 Master of Education students enrolled in a course titled, Introduc-
tion to Computers in Education, within a large public university in Canada. The course 
was built around weekly themes such as online learning, equity and social justice, and 
wellness and whole-child learning. The course lasted 12 weeks, with each week including 
3-h meetings held within an active learning classroom environment, as well as support-
ive homework activities designed to encourage Knowledge Building and feed into ensu-
ing classroom activities.

The course adopted an overarching perspective of a learning community and drew 
upon a variety of technology environments including Google Drive, Padlet, Nearpod, 
and KF. In the homework preceding each class session, students collectively read, anno-
tated, and commented on articles related to the weekly theme, using the native affor-
dances of Google Drive (i.e., threaded comments on PDF files). They also shared and 
built knowledge about relevant issues and applications of weekly topics using the KF 
environment. During class, activities were progressively designed to deepen students’ 
understanding and Knowledge Building about the themes. Activities included lectures, 
student group presentations, and small group activities that built on homework to con-
solidate ideas and experiences, discuss issues, and advance collective knowledge.

Design‑based research to highlight student voice

This study employed a design-based methodology (Collins, 1992) to take advan-
tage of its iterative design, continuous improvement, and close teacher-researcher 
collaboration nature (Anderson & Shattuck, 2012; Barab & Squire, 2004). Learning 
researchers have introduced design-based research to achieve desirable results in 
natural settings (Brown, 1992; Collins, 1992), as it is difficult, if not impossible, to 
implement controls in real and complex classroom contexts. Design-based research 
is focused on examining an intervention such as an instructional approach, a learn-
ing activity, or a technological tool by continuous iteration of design, enactment, 
analysis, and redesign (Brown, 1992; Cobb et  al., 2003; Collins, 1992). It not only 
aims to meet local needs but also to explore, advance, or confirm theoretical rela-
tionships (Barab & Squire, 2004). Through cycles of design, enactment, detailed 



Page 5 of 19Zhu et al. Int J Educ Technol High Educ           (2021) 18:37  

study, and revisions (Bell et  al., 2004; Cobb et  al., 2003), teachers and researchers 
continually refine theoretical claims to produce “ontological innovations” (DiSessa & 
Cobb, 2004) and sustained innovations in education (Bereiter, 2002).

At the beginning of the course, students were engaged in the development of 
course themes that were interesting to them, such that the final selected course 
themes represented the authentic interests of the particular cohort of students. We 
selected three focus weeks (weeks 3, 6 and 9), in which we would study student con-
tributions, to examine the impacts of the pedagogical approach, Knowledge Build-
ing, on students’ multi-faceted engagement. The themes for these weeks were: 
learning communities (week 3); technology supports for equity and social justice 
(week 6); and wellness and whole child learning (week 9). In each of the 3 focus 
weeks, students provided feedback regarding their emotions and engagement, and 
suggestions about activities in which their peers and instructor could better support 
Knowledge Building. Building on the feedback received, we designed and refined the 
activities for the ensuing weeks, as outlined next.

The theme of learning communities (week 3) was salient, given the stated peda-
gogy for the course, and that most students had never encountered such a perspec-
tive. At the outset of the course, students were told that we would be engaging as 
a learning community, which was one possible approach to the use of computers 
in education (the course topic). Hence, in their brainstorm and selection of course 
themes, they chose to further examine learning communities as one theme. For 
the week, students read and collectively annotated papers (using Google Drive 
comments on PDFs of the papers) from various learning community researchers, 
including Scardamalia (2002) and Slotta et al. (2018). During the class session, their 
collective annotations were then re-introduced as a resource for a critical reflection 
activity and a Knowledge Building activity in which students used the KF. During 
class, one researcher demonstrated how to use the KF, including how to create “rise-
above” and “build on” notes. At the end of the week, student feedback was collected 
through surveys that included questions about how the Knowledge Building activi-
ties could be more engaging and effective. This input was discussed with students 
and used as a basis for our design of week 6 activities.

Week 6 explored the topic of technology supports for equity and social justice. Stu-
dents had suggested the need for increased sharing of ideas before class, to allow more 
time for consolidation of ideas during class. Therefore, we included homework where 
students shared, read, and built on each other’s experience, knowledge, and questions 
about the themes. Then, in class, students identified knowledge gaps, discussed relevant 
ideas, and synthesized ideas in small groups. Small groups of students shared their ideas 
with the class and used KF to add syntheses or new questions.

The theme for Week 9 was wellness and whole-child learning. Similar to week 6, 
students contributed resources and ideas during homework activities and then con-
solidated ideas in class. After week 6, students suggested that their KF views were 
“messy”, due to the unorganized structure of the sheer number of notes (see Fig. 1a). 
Therefore, in week 9, we added a whole-child learning framework as an organiza-
tional background to the discussion space within KF, to help students organize their 
ideas (see Fig. 1b).
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Data collection

Data were collected from several sources, including 259 written notes that the stu-
dents posted in KF, as well as surveys of students in weeks 3 and 9 regarding their 
feelings regarding the Knowledge Building activities and their suggestions on curricu-
lum revisions. For a small number (n = 3) of students, we also collected facial expres-
sions and computer screen content during some KF sessions. Finally, after the course 
was completed we conducted nine semi-structured interviews concerning how stu-
dents felt about knowledge advancement and interactions amongst peers, and how 
their emotions were influenced by Knowledge Building activities.

Figure 1 illustrates how KF was used in week 9, including our use of an organizational 
frame (the background image of Whole Child learning) to guide placement of notes. The 
square icons represent notes, and the blue lines between notes show the building-on 
relationships between notes. The red square icons indicate the notes have been read by 
the user while the blue icons suggest the notes have not been read. KF notes (including 
their author information, relationships between notes) as well as which notes were read 
by students, and any build-on or rise-above information, were collected.

The survey consisted of ten Likert scale (1–5) items concerning student emo-
tions, and four open-ended questions about their Knowledge Building experiences. 

Fig. 1 Knowledge forum views
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Students were surveyed on affective dimensions of Joy, Anger, Surprise, Fear, Con-
tempt, Confusion, Sadness, Frustration, Anxiety, and Boredom. We chose these emo-
tions because they are the ones that can be identified by the iMotions™ Emotient 
software (Moreno et  al., 2019), which were used in this study to analyze students’ 
facial expressions. Sample open-ended questions were as follows: In today’s Knowl-
edge Building activities, what were the most enjoyable or rewarding features? Please 
say why these were important. What are some ways my classmates could better sup-
port me in Knowledge Building? In week 3, eight students filled in the survey, while in 
week 9, 21 students filled in the survey because they were given time to do so at the 
end of the class. Only the responses of the eight students who completed surveys in 
both weeks 3 and 9 were included in the analysis, allowing for a direct (within sub-
ject) comparison.

In class, when the students worked in KF after small group discussions, students could 
choose to record their screen and/or camera if they consented to participate in this 
study. Three students did complete video and screen recordings in weeks 3 and 6, and 
their videos were analyzed. Incomplete videos were not included in this study.

The semi-structured interview was focused on how students thought the pedagogi-
cal and technological design influenced their community interactions and knowledge 
advancement, as well as their emotional experiences. A sample interview question is “In 
what ways, if any, did Knowledge Building discussions (both offline and in KF) influence 
the community progress of ideas and community interactions?”.

Data analysis

To analyze social interactions amongst students, in terms of their reading connections 
in KF, we conducted social network analysis using Gephi—open-source software that 
can display large networks in real time (Bastian et al., 2009). We chose directed graphs 
in which each student is represented as a node, with multiple edges (“directed” means 
the edges have directions). In the reading network, edges start from the readers of a note 
and go to the authors. Furthermore, we calculated the density of each reading network 
and the degree of centrality of each node. For directed graphs, density is reflected by 
the number of edges divided by the maximum number of possible edges between nodes 
(Hanneman, 2001). The degree centrality of a node is the number of notes it connects to 
divided by the maximum number of notes it could connect to.

To examine how students participate in collective Knowledge Building discourse, we 
conducted a content analysis of the 259 KF notes. The coding scheme (Table  1) was 
refined based on “categories of statements” (Hmelo-Silver & Barrows, 2008) and a con-
tent analysis of discourse framework (Yang et al., 2016; Zhu et al., 2019a). The revised 
version consists of five categorical dimensions: appraisal, questioning, theorizing, ref-
erencing, and integrating. Questioning includes subcategories of the factual question, 
explanatory question, and idea-deepening/elaborating question, as a measure of the 
extent to which students tend to deepen explanations, take initiatives, and sustain dis-
course. Appraisal, theorizing, referencing and integrating each have two sub-classifica-
tions based on the complexity of the note (i.e., simple and elaborated). A note can fall 
into more than one category. Two researchers discussed the types and coded 30 notes 
together to achieve an agreement of coding. Then both researchers independently coded 
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Table 1 Content analysis of student notes

Category Sub‑category Description Example

Appraisal Simple appraisal An indication of shared/different 
opinions or understanding with 
no or brief elaboration

Good point! We just had a fun break-
fast isn’t the most important meal 
of the day discussion offline!

Elaborated appraisal An indication of shared/differ-
ent opinion or understanding 
or extension of the idea which 
may open space for new direc-
tions and suggest possible 
approaches

Yes. Physical activities like sports 
20–30 min not only contribute 
to the child’s physical health but 
also equally help to develop child 
mental health. They can also 
learn new things while they are in 
different environments. Physi-
cal activities also develop child’s 
sharing attitude as well as positive 
competition

Questioning Factual question Questions asking for factual 
information

Is a learning community technol-
ogy-based? Or is there any way we 
can make learning communities 
be concrete as well?

Explanatory question Questions in search of explana-
tions

How can we motivate (elemen-
tary and secondary) students to 
actually be active during physical 
activities?

Idea-deepening /
elaborating question

Questions that search for deeper 
and more specific information 
on the basis of ideas discussed

This content built onto another 
note: Is there anything that has 
triggered a child to not want to 
be physically active in their physi-
cal education classes? What are 
their previous experiences with 
physical education? Have they 
heard stories from older siblings 
that may have scared them from 
participating?

Theorizing Intuitive explanation An intuitive theory to explain 
certain phenomenon or issue 
based on personal experience 
using informal language or 
without details, justifications, 
explanations

By sharing personal knowledge/
experience, students also learn 
how to cooperative with each 
other. This is a critical requirement 
for future work

Elaborated explanation Expressing ideas with explana-
tions; requesting the previous 
author to elaborate; adding 
details to previous ideas; elabo-
rating on specific processes or 
mechanisms using disciplinary 
concepts

I’m not convinced that present day 
schooling is preparing students for 
the future. Similarly to my answer 
in Q1: I propose adding a new C 
to 21stC competencies, although 
this isn’t a competency, it certainly 
helps you develop them: confi-
dence. Learning communities, 
done properly, help students build 
on 21stC competences, and their 
confidence. I’m concerned that 
in present day, ppl are not ’doing 
the right thing’, even when they 
know what is right. Students need 
to be taught that to talk through 
problems—face-to-face, work 
with others to solve problems, 
and speak up or demonstrate why 
something is wrong
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30% (79) of the notes and compared the ratings. The inter-rater agreement between 
the two researchers was 78.48%. Any discrepancies in the ratings were debated until an 
agreement was achieved. One researcher coded the rest of the notes. Furthermore, we 
open-coded the interview transcripts to understand how students’ understanding of the 
course themes changed.

To examine students’ emotional changes over time, we compared the positive and neg-
ative emotions of the eight students who filled in both the week 3 and week 9 surveys. 

Table 1 (continued)

Category Sub‑category Description Example

Referencing Simple referencing Introduce information (e.g., 
authoritative resources) with no 
or brief elaboration/justification, 
information is given without 
context to support any claims

Success of Meditation during deten-
tion: https:// www. youtu be. com/ 
watch?v= ZzjKJ K00tT8

Elaborated referencing Introduce information (e.g., 
authoritative resources) which 
helps reflect critically on the 
work; help identify strengths and 
weaknesses of arguments; help 
provide relevant evidence

I found this interesting article online 
for both teachers and parents to 
have a read through and practice 
with their child. Mindfulness or 
meditation can be a scary word or 
practice for some, therefore, these 
5 mindfulness activities require no 
meditative practice. They are easy! 
Teachers can implement such 
activities as daily activities within 
their classrooms

To sum up the article, these 5 mind-
fulness activities are:

1) Breathing exercises
2) Taking a nature walk
3) Coming up with a positive mis-

sion statement
4) Talk about gratitude
5) Embrace all feelings and emo-

tions of all kinds
To read the full article I found online, 

visit, https:// www. today spare 
nt. com/ kids/ kids- health/ mindf 
ulness- activ ities- for- kids- no- medit 
ation- requi red/ (Link- > https:// 
www. today spare nt. com/ kids/ 
kids- health/ mindf ulness- activ ities- 
for- kids- no- medit ation- requi red/) 
for more info!

Integrating Simple integrating Connecting or comparing ideas 
(intergroup and intragroup lev-
els) with no or brief elaboration

Teachers act as facilitators and 
advocators have many ways to 
strive for equity in the classroom, 
as mentioned in the note under 
this rise above (put several notes 
on teacher’s role together)

Elaborated integrating Connecting or comparing ideas 
with judgments/example/
details, and it is clear how this 
synthesis can help create coher-
ence of multiple discourses

We discussed the 30 min manda-
tory physical activity time in China 
between classes every morning 
besides two 45 min gym classes. 
We contrasted this with Iranian 
schools that have up to 2 h of 
gym classes per week, as well as 
schools in Southern Ontario that 
encourage 20 min of physical 
activity in addition to the daily 
30 min of gym classes

https://www.youtube.com/watch?v=ZzjKJK00tT8
https://www.youtube.com/watch?v=ZzjKJK00tT8
https://www.todaysparent.com/kids/kids-health/mindfulness-activities-for-kids-no-meditation-required/
https://www.todaysparent.com/kids/kids-health/mindfulness-activities-for-kids-no-meditation-required/
https://www.todaysparent.com/kids/kids-health/mindfulness-activities-for-kids-no-meditation-required/
https://www.todaysparent.com/kids/kids-health/mindfulness-activities-for-kids-no-meditation-required/
https://www.todaysparent.com/kids/kids-health/mindfulness-activities-for-kids-no-meditation-required/
https://www.todaysparent.com/kids/kids-health/mindfulness-activities-for-kids-no-meditation-required/
https://www.todaysparent.com/kids/kids-health/mindfulness-activities-for-kids-no-meditation-required/
https://www.todaysparent.com/kids/kids-health/mindfulness-activities-for-kids-no-meditation-required/
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We coded the interview transcripts of nine students for their emotional experiences over 
time and synthesized the coding. Regarding the videos recorded by three participants 
in weeks 3 and 6, we analyzed students’ facial-muscular emotion data extracted from 
the videos using iMotions™ Emotient software (Moreno et  al., 2019). Using the Com-
puter Expression Recognition Toolbox (Littlewort et  al., 2011), the Emotient software 
first automatically detects the face and facial features from videos. Then it registrars 
the face and extracts features using Gabor filters. Finally, it recognizes Action Units 
and calculates expression intensity and dynamics over time. The Emotient adopts the 
Facial Action Coding System (FACS, Ekman & Friesen, 1978) to categorize 19 different 
Action Units into nine basic emotions, as mentioned above. For each emotion based on 
observed expressions, an evidence value greater than one was further analyzed to inves-
tigate what the participants were doing in KF by examining the relevant screen record-
ings. Taking Joy as an example, an evidence value greater than 1 indicates that it is ten 
times likely to be categorized as Joy than not Joy by experts. Each participant’s duration 
of each emotion was compared in weeks 3 and 6.

Findings

We first report a social network analysis of note reading within KF. Next, we report a 
content analysis of students’ KF discourse, including how they thought their under-
standing of computers in education has changed as a result of the course. Finally, we 
describe students’ self-report of emotional experiences in two selected weeks (3 and 9), 
interviews regarding how their emotions may have shifted as a result of the Knowledge 
Building approach.

Social engagement: reading networks

Figure 2 shows the reading network of students (represented by S1 to S23), instructor 
(represented by “I”), and one researcher (represented by “R”) in weeks 3, 6, and 9. As 
shown in the figure, the reading network density improved over the successive weeks, 
from 0.57 to 0.74, to 1.09. This indicates that students read more of each other’s notes 
with each successive improvement of our design. In week 3, the researcher’s notes were 
the ones most commonly read within the network, whereas in weeks 6 and 9 student-
contributed notes became increasingly influential within the reading network.

Fig. 2 The reading network of students in weeks 3, 6 and 9
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Cognitive advancement

Content analysis of KF notes

Figures  3 and 4 show their different forms of cognitive contributions to the KF dis-
course—shown separately to avoid a single busy figure. Figure 3 shows the percentage 
of different types of appraisals and questions in students’ KF discourse over the three 
weeks. In weeks 6 and 9, the students had greater percentages of Simple Appraisal and 

Fig. 3 The percentage of different types of appraisals and questions of the three weeks

Fig. 4 The percentage of different types of theorizing, referencing and integrating of the three weeks
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Elaborated Appraisal than they did in week 3, indicating that they built on peers’ notes 
with opinions or suggestions. As shown in Fig. 3, the students asked a decreasing per-
centage of Factual Questions, Explanatory Questions, and Idea-deepening Questions 
over the weeks, suggesting their tendency to ask fewer questions.

Figure 4 shows the percentage of students’ contributions in terms of theorizing, refer-
encing, and integrating across the three weeks. Compared to week 3, students contrib-
uted fewer Intuitive Theorizing notes but more Elaborated Theorizing notes in weeks 6 
and 9, indicating that they were more likely to explain the rationales of their theorizing 
and add details to support their ideas. Over the three design iterations, there was an 
increasing trend of contributing Simple Referencing and Elaborated Referencing, sug-
gesting the students gradually introduced more authoritative resources to support their 
community Knowledge Building. Also, the decrease of Simple Integrating and increase 
of Elaborated Integrating over the three weeks indicates that the students were more 
likely to provide supportive details when putting their knowledge together.

Student learning about course themes

Most students who were interviewed indicated that their understanding of computers 
in education had improved. For instance, they had more awareness of the tools used by 
teachers and understood the weekly themes better. They recognized that even simple 
tools like Google Docs could be used to promote deep learning and planned to use such 
tools in their teaching. One student mentioned that she was “convinced that learning 
community, both online and offline, are crucial to an individual’s learning and personal 
growth. It provides not only models of best practices but also supports an individual’s 
learning in a social and emotional way.” One student indicated that she previously used 
“collaborative learning for idea generation” but would go beyond that in the future to 
help “students build upon each other’s ideas.” One student suggested that the course 
helped her to recognize that educators do not necessarily understand the affordances 
of different technologies. Another observed that Knowledge Building should go beyond 
sharing experiences or opinions to help students “intentionally construct theories, prin-
ciples, or solutions (i.e., ideas as objects of construction).”

Emotional engagement

Survey of student emotions

Figure  5 shows the comparison of eight students’ self-reported emotions in weeks 3 
and 9, categorized according to positive (i.e., joy) and negative dimensions (i.e., anger, 
fear, contempt, sadness, confusion, frustration, anxiety, boredom). Students expressed 
a lower sense of negative emotions across this time span, while their reports of positive 
emotions remained at a high level.

Interview on student emotions

Most of the students interviewed felt confused, nervous, or frustrated when the KF was 
first introduced to them in week 3 because they were not sure they could use the KF 
properly or whether it would be used frequently in the future. They also expressed some 
discouragement about the overall “messy” interface of views in the KF, once many notes 
had been added. Also, when students added rise-above notes, the lower-level notes they 
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were using would disappear from the view, which frustrated other students who had 
planned to work on those notes that disappeared from the views. Overall, learning to 
use a new tool itself and the messy views left the students with some negative feelings in 
week 3.

However, in week 9, as students became more familiar with the KF, they became emo-
tionally engaged, excited, comfortable, and curious when working on their ideas. They 
felt more emotionally engaged when sharing stories with others face-to-face and reading 
other students’ ideas online because “the idea flow became visible so that we all wanted 
to build more on them” and “it is a pleasure when I know exactly how to use it and watch 
the ideas grow.” The use of KF enabled the students to hear from those who did not 
participate in class discussions, suggested by “later I felt more comfortable using it and 
more engaged as I was able to read ideas of students’, who never participated in-class 
discussion.” It seems that as students became more familiar with the features of the KF, 
they could focus more on their Knowledge Building and interactions with peers and thus 
experienced more positive emotions, indicated by “by the end of this experience, I start 
to feel familiar with the interface, and know how to use it to interact with my classmates. 
I feel accomplished and resolved.”

iMotions analysis

Three students (i.e., S1, S15, and S23) had more complete recordings while working in 
KF, which enabled us to examine how their behaviors cooccurred with emotions tem-
porally. The iMotions analysis shows that the duration that S1 displayed joy in week 6 
is longer than that in week 3. S1’s facial expressions and screen recordings suggested 
that in week 3, S1 expressed joyful when talking to the instructor or peers, reading 
certain notes, beginning to respond to notes, writing his notes, and after contributing 
notes. Furthermore, S1 expressed surprised when reading the note-only technology-
based; contempt after adding a note and looking for notes to read, writing the title of a 
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Fig. 5 Students’ self-reported feelings, categorized as positive (i.e., joy) and negative emotions (i.e., anger, 
fear, contempt, sadness, confusion, frustration, anxiety, boredom)
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rise-above, and after talking to the instructor. S1 expressed confused when starting to 
write the note “beyond personal knowledge.” In week 6, S1 displayed joyful facial expres-
sions after talking with people, when writing his personal experience, when finishing a 
note and when opening his own newly contributed note.

Unlike S1, S15’s positive emotions did not increase, and negative emotions did not dis-
appear, suggested by her self-reports and the iMotions analysis results. In week 6, the 
computer mouse S15 used in the lab did not function well, and it significantly influenced 
S15’s operations in KF. The iMotions analysis showed that S15 displayed joyful when 
talking to the researcher, opening the login page of the KF. However, when the mouse 
did not allow her to select or drag notes to a rise-above view, her facial expression was 
identified as disgust. She experienced frustration in the process of creating a rise-above 
note, which is possible because of the mouse.

The iMotions analysis confirmed that S23 experienced a longer duration of joy and 
a shorter duration of anger, confusion, and frustration in week 6 compared to week 3. 
In week 3, S23 displayed joyful facial expressions when reading the researcher’s notes, 
reading and building on peers’ notes, successfully contributing his note and revising the 
note title, and organizing the community view by dragging notes around. S23 also expe-
rienced confusion and frustration, mainly because the mouse did not function well when 
he tried to open notes, drag notes, or navigate. In week 6, S23 displayed joy when some-
one was talking. Because the screen recording is not available, we could not match S23’s 
emotions and actions in week 6.

Discussion
This design-based research offers some insight into students’ emotions during learning 
can interact with the specific activities employed, and the potential benefits of including 
student voice as a formative input into curriculum design. We investigated how such a 
pedagogical design impacted students’ social, cognitive, and emotional engagement. We 
engaged 23 graduate students in three Knowledge Building sessions. At the beginning of 
the course, we surveyed the students on the weekly themes that they were interested in. 
Throughout the course, we collected feedback regarding how they thought they could be 
better supported by their peers and instructor, and revised the subsequent curriculum 
based on the feedback. As a result of this approach, students’ reading networks became 
denser, they were able to better advance community knowledge, and their perceived 
negative emotions decreased.

The increasingly dense reading networks and increasing frequency of Simple and 
Elaborated Appraisal notes suggest that students were more likely to read and respond 
to community notes as a result of our design improvements. In response to their feed-
back about needing more time to reflect on peers’ notes, we had encouraged students, in 
weeks 6 and 9, to contribute their experiences and ideas to weekly themes before class. 
This gave them more time to read their peers’ contributed notes. We would expect some 
degree of increasing reading network density as a simple result of the course progres-
sion (i.e., even with no changes to the design) as the participants became more famil-
iar with their peers and more comfortable using KF. However, the striking level of this 
shift—visually visible within the graphs of Fig. 2—suggests that it derives to some extent 
from our intentional efforts to improve the scaffolding and integration of KF discussions 
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within the broader class session design. Similarly, Hong et al. (2019b) found that Knowl-
edge Building activities such as assuming agency, fostering community, and working 
with ideas help students become more engaged in the design of their STEM projects 
in a higher education context. Another reason may be that the researchers had posted 
two questions in week 3, to help focus students’ discussions, which made the students 
mainly read and respond to the two questions. In weeks 6 and 9, the researcher did not 
constrain the Knowledge Building with any predefined questions but rather encouraged 
them to share their experiences (i.e., with social justice and whole child learning) as a 
starting point.

Overall, the depth of students’ notes increased over the three sample weeks—a change 
that may have derived from our giving students more time to consolidate ideas during 
class. Creating resources and ideas during homework activities and then reading those 
notes as a Knowledge Building activity allowed students more time and flexibility to 
contribute their ideas, experiences, and knowledge to weekly themes as well as to read 
and build on peers’ contributions. These preparations before class also made the stu-
dents more capable of engaging in activities that require more cognitive efforts, such 
as improving theorizing and integrating diverse ideas during class time. These improve-
ments are reminiscent of the “flipped classroom” approach in which students do prepa-
ration work such as watching lecture videos before class, then engage in more active, 
collaborative forms of activity during class time, to apply the ideas from lectures (Chen 
et  al., 2019; Gilboy et  al., 2015; Krathwohl, 2002; Seaboyer, 2013). Studies on flipped 
classroom approach suggest its positive effects on students’ academic performance, per-
ception of engagement, and satisfaction (e.g., Bergmann & Sams, 2012; Elmaadaway, 
2018; Sergis et al., 2018). Similarly, this study shows the effectiveness of requiring stu-
dents to contribute ideas and experiences before class and then consolidate and extend 
those ideas during class. More importantly, this design was suggested by the students 
themselves in this study, which indicates they sought higher levels of cognitive work dur-
ing classroom time and preferred to do preparation work as homework.

Our findings indicated that students’ negative emotions tended to decrease, while their 
positive emotions remained at a relatively high level. This was indeed the goal of making 
real-time improvements to the Knowledge Building design based on students’ feedback. 
Gros and López (2016) also found that all the students who participated in the process of 
co-designing technology-rich learning activities reported their willingness to co-design 
again if had opportunities. In a study conducted with elementary students, Zhu et  al. 
(2020) found that the students’ positive emotions such as confidence and enjoyment 
increased when they were involved in deciding what to learn and how to learn. Hence, 
highlighting student voice in the curriculum design is a way to support their responsibil-
ity, autonomy, and epistemic agency, which tended to enhance the relevance of curric-
ula. But how does this impact our measures of student emotions? According to Dewey 
(1938), learning starts with the experiences of students and builds towards the growth of 
students’ knowledge and insights. The relevance of curricula to students may influence 
their perceived value of learning. According to the control-value theory, students’ sub-
jective appraisals of control and values play an essential role in the arousal of achieve-
ment emotions (Pekrun, 2006). Subjective value refers to students’ perceived importance 
of activities, outcomes, and success (Pekrun, 2006). Students’ decreased negative 
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emotions in this study may have resulted from their perceptions that the revised Knowl-
edge Building design and activities had become more relevant and valuable.

In weeks 6 and 9, we emphasized student creation of resources and ideas as home-
work activities, with Knowledge Building activities (reading peers’ notes, rising above, 
and building new ideas) addressed in the ensuing class. This allowed for students to feel 
they had time to first exercise their ideas and explore resources, and then work on the 
wealth of ideas from the community, during class time when everyone was together (i.e., 
allowing for whole-class discussions as well as individual and small group Knowledge 
Building). We employed technologies like Google Docs to enable students to collectively 
annotate readings and build knowledge before class. Such technologies support a learn-
ing community epistemology and related pedagogies, making students’ social interac-
tions a source of cognitive advancement and academic achievement (Resta & Laferrière, 
2007). This allows the knowledge and skills that students bring with them to instruction 
to be mobilized and consolidated by students and the teacher during class time (Bron & 
Veugelers, 2014).

It is important to note that our students improved social, cognitive, and emotional 
engagement cannot be entirely attributed to highlighting student voice in Knowledge 
Building activities. Indeed, establishing the precise extent of any causal links is not gen-
erally attainable through design-based research. Other common factors, such as the 
students becoming more familiar with the KF platform, and gradually forming a more 
coherent learning community over the weeks, will also likely have influenced students’ 
engagement. In the interviews, several students mentioned that becoming more familiar 
with the KF enabled them to focus on improving ideas. Future research could consider 
including a controlled class (e.g., the same courses taught by the same instructor) and 
extending the design duration. Future research could also consider addressing techni-
cal issues to reduce potential distractive impacts on engagement. Below, we discuss our 
findings with an awareness of these limitations and in light of the literature, then sum-
marize how our design iterations supported students’ social, cognitive, and emotional 
engagement.

This study contributes to and extends the literature concerning engaging students in 
co-designing and co-producing their learning and further confirms the positive impacts 
of doing so. Overall, the results of this study are consistent with previous research. For 
instance, in Oliver and Oesterreich’s (2013) study, the instructor and pre-service teach-
ers adopted a model of student-centered inquiry as curriculum. The model includes “a 
cyclical process of building the foundation, planning, responding to students, listening 
to respond and analyzing the responses” (Oliver & Oesterreich, 2013, p. 394). However, 
the impacts of this model were not evaluated. Brooman et al. (2015) described how 44 
students participated in focus group interviews on their learning experiences in a semi-
nar course, which informed the redesign of lectures. Such as design improved student 
perception of the learning modules and interest in postgraduate study.

Our findings have implications for the design of curricula that aim to enhance stu-
dents’ learning and positive feelings. First, it is important to solicit students’ input into 
course design to address any potential issues that may hinder their learning in real time. 
Second, class time needs to be assigned for group discussions to help students to consol-
idate and synthesize diverse ideas. Third, future research can consider helping students 
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become familiar with technologies first and addressing potential technical issues so 
that technology would not be disruptive in any way. Finally, it must be noted that our 
three sample weeks each used a different theme (e.g., social justice, or whole-child) so 
that Knowledge Building re-started each week. Future research could investigate more 
coherent Knowledge Building goals, where students continue to improve their commu-
nity ideas over a more protracted period.
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