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Abstract: This paper implements a novel approach to analyzing the degree of Collective Cognitive
Responsibility (CCR) in a Knowledge Building community, based on socioeconomic and scientometric
measures. After engaging in Knowledge Forum (KF) discussions for one semester, 36 students
identified impactful ideas in their portfolios, which were then used to develop their impact scores.
These scores were then transformed and plotted along the Lorenz Curve and the Gini coefficient
to visualize the degree of equidistribution of recognition in the community and, by extension, the
degree of collective responsibility shared by members of the community. Additionally, students were
classified into member roles based on the impact of their contributions, and we explored the flow of
member roles across several discussion topics, based on Price’s model of scientific production. Our
results show convergence between peers’ and teachers’ ratings of impactful contributions, which both
point to medium levels of collective responsibility in the community. In short, on the one hand, this
procedure shows its sensitivity to detect communities that could not comply with the CCR principle.
On the other hand, we discuss the necessity of reflective evaluation to address the pedagogical
challenge of fostering collective responsibility for knowledge advancement and empowering novel
students to take charge of their knowledge work at the highest levels.

Keywords: Knowledge Building; educational research teaching; assessment; collective responsibility;
Lorenz curve; Gini index; technology; Knowledge Forum

1. Introduction

Knowledge creation, utilization, and dissemination are the pillars of modern knowl-
edge societies (Drucker, 1993; Nonaka and Takeuchi, 1995) [1,2]. Thus, the capacity of the
citizenry to engage in creative knowledge work is both a societal priority and an educa-
tional priority (OECD, 2018; UNESCO, 2015) [3,4]. In recent years, there has been growing
recognition among educational experts and learning scientists that education needs to
prepare learners of all ages to not only be acquirers of knowledge, but also creators of
knowledge (e.g., Bereiter and Scardamalia, 2018; Hargreaves, 1999; Jugembayeva, 2022;
Santos-Rego, et al., 2020; Tan, So and Teo, 2014) [5–9]. Thus, education for knowledge
collective creation is a priority for knowledge societies (Gutiérrez-Braojos et al., 2019; Lee
and Jin, 2019) [10–12]. However, many university courses are still implementing lecture-
style teaching approaches (with teachers being the holders of the expert knowledge and
the students the acquirers of that knowledge. Hakkinen and Hammalainen (2012) [13],
based on Wegerif’s (2006) [14] ideas, claim that some of the assumptions underlying current
pedagogies are influenced by the industrial age and exclusively pursue the development of
individual skills. As a result, students are not exposed to knowledge creation until they
enter working life. Because there is an increasing demand for workers who are able to
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work with knowledge, students should be provided with educational experiences with
knowledge creation and innovation, in order to prepare them to be active contributors to
the knowledge society.

1.1. Bringing Knowledge Building into University Classrooms

Knowledge Building (KB) is an educational approach that involves design thinking
(Bereiter and Scardamalia, 2003; 2018) [5,15], i.e., creation of knowledge. In fact, this
ability to create has come to be considered as the highest level of cognitive domain of
the educational process in the main models of instructional design, e.g., the review of
Bloom’s taxonomy (Bloom et al., 1856 [16], by Anderson and Krathwohl, 2001) [17]. In this
context, creation of knowledge entails the design and improvement of intellectual artifacts
such as theories, explanations, and proofs. Ideas are considered intellectual artifacts of
the community, as they reside in the community’s discourse rather than in people’s minds
(Van Aalst, 2012) [18]. In this way, the Knowledge Building pedagogy moves ideas into the
center of the educational process through learning tasks designed to discuss real knowledge
problems (Scardamalia and Bereiter, 2006) [19]. Simply defined, Knowledge Building is the
deliberate process of creating knowledge that is valuable to the community. Knowledge
Building research has been conducted in any educational level and disciplines (e.g., Chen
and Hong, 2016; Bereiter and Scardamalia, 2010, Ellis, et al., 2011; Hong and Scardamalia,
2014; Lax, et al., 2006) [20–23].

Although it is not a necessary condition to carry out the Knowledge Building pedagogy,
KB practitioners often use an artefact to provide a community space, which expands oppor-
tunities for collaboration among members beyond the classroom with no time constraints.
The most widely used technological platform by KB practitioners is the Knowledge Forum,
i.e., a multimedia community knowledge space designed by Scardamalia (2004) [24] to fa-
cilitate the shared construction of knowledge. In KF, participants share notes, perspectives,
theories, evidence, or resources that are part of the constructive discourse of knowledge.
The software provides space to upload these contributions and access them at any time. In
addition, the software makes it possible to visualize the way contributions are linked to
each other, showing the development of constructive discourse. The KF also provides a tool
for selecting promising ideas, as well as several tools to evaluate the participation in the
construction of knowledge, identifying the number of notes built by members, the number
of readings per member, progress in their vocabulary throughout the course, build-ons
among members, and readings between members. This type of learning—using learning
platforms—is proven to be a valuable learning tool for students (Daniela, Rūdolfa, and
Rubene, 2021; Daniela, and Rūdolfa, 2019) [25,26].

During the implementation of Knowledge Building, students establish the frontiers of
their collective understanding through collaborative, constructive discourse supported by
the platform KF (Bereiter and Scardamalia, 2018; Hong et al., 2016) [5,27]. They formulate
problems and pertinent knowledge objectives, investigate these problems, generate, cri-
tique, and improve shared ideas, and evaluate their progress as a knowledge community
(Cacciamani, et al., 2012; Yucel et al., 2016) [28,29]. Thus, students are not simply taught to
assimilate the expert knowledge conveyed by the teacher and reproduce it on a test as in
lecture-style classrooms; instead, they are engaged in authentic knowledge work with their
own ideas and those of their peers, relative to authoritative sources (Hong et al., 2011; Yang
et al.,2016) [30,31]. As a result, the role of the teacher in the Knowledge Building classroom
shifts toward fostering community norms of engagement that promote collective responsi-
bility for the creation and improvement of knowledge, i.e., the responsibility for generating
better versions of knowledge is distributed among all members (Scardamalia, 2002) [32].

Many KB studies have been done recognizing the importance of the Collective
Cognitive Responsibility principle in KB communities (e.g., Cacciamani, et al. 2021;
Gutiérrez-Braojos and Salmeron, 2015; Gutiérrez-Braojos et al., 2019a; Ma et al. 2016;
Yang et al., 2021) [10,33–36]. Parsing the CCR is important in the KB. In fact, we can under-
stand that the CCR is a desired horizon in the KB. Some researchers have found the presence
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of highly centralized student networks in Knowledge Building communities in different
educational contexts and academic discipline (Lax et al., 2016; Mylläri, et al., 2010) [37].
In these cases, a group of more knowledgeable students who make up the core of the
community is found, and this group offers opportunities for less knowledgeable students
to lead the class discussion. It is possible that some new students in the KB may present
maladaptive learning strategies (for example procrastination, see Monroe and González-
Geraldo, 2022) [38] that become evident in active pedagogies such as the KB. These students
would delegate the cognitive load to others, generating a centralized community (Gutiérrez-
Braojos et al., (2018) and Gutiérrez-Braojos et al., (2019a) [10,39].

1.2. Assessment and Measures of Collective Cognitive Responsibility in Knowledge Building
Communities

Evaluating the Collective Cognitive Responsibility is particularly important during
educational implementation of the KB. The CCR is one of its key pedagogical principles
(see Scardamalia, 2002) [32]. KB is interested in generating a knowledge product that
is distributed equitably (as much as possible) among all members. In the sense that all
students, and not just the most advantaged, participate, build, and master knowledge.
Thus, it is defensible to say that this pedagogy is a boost for educational quality at any
educational level.

Therefore, in order to know how well the KB is implementing, as well as to make
it easier for students to be aware of their gaps and progress in reflective evaluations
(Herman, 1992; Xie & Sharma, 2008;Yang et al.,2016) [31,40,41], it is necessary to explore
how to measure the Collective Cognitive Responsibility, and how to make this information
accessible to students (Cacciamani, et al., 2021; Changchong, et al., 2020; Oshima, et al.,
2018) [33,42,43]. Offering students opportunities for reflective assessment allows them
to reorient their strategies towards collective and individual achievement. Recent work
in educational contexts, similar to this study, has found that students demand reflective
assessments (Diez-Gutiérrez, and Gajardo, 2021) [44].

There are some authors who have addressed how to measure Collective Cognitive Re-
sponsibility. Ma, Matsuzawa, and Scardamalia (2016) [35] proposed a diachronic approach
to evaluate CCR in virtual environments supported in the tool KBDeX and Social Network
Analysis, SNA (see Oshima, et al., 2012; Oshima et al., 2021) [45,46]. Based on Collabora-
tive Innovation Networks (Gloor, 2005, 2006) [47,48], the authors assume that collective
cognitive responsibility is connected to a rotation of leadership over time. Based on this
approach, leadership is associated with discussions initiated by a member who introduces a
new idea or connects several ideas of other members, which, in turn, facilitates the advance-
ment of community knowledge. To analyze this rotational leadership, Ma et al. (2016) [35]
established a sequential analysis. In the first stage, the units of analysis are those keywords
that are relevant in the subject of knowledge. Therefore, a community member acquires
leadership whenever he/she makes a contribution that contains a combination of keywords
that generates subsequent discussions among the rest of the members. In a second stage,
an analysis of the content of the contributions is carried out before and after the leadership
emerges. The authors found leadership diversity, suggesting that students can become
leaders during the KB. On a nearby line, other researchers have contributed from the SNA
to understand the CCR (e.g., Yamada, et al., 2019) [49].

We take advantage from the “promising ideas tool” (Chen et al., 2015) [50] to analyze
Collective Cognitive Responsibility. Chen, et al., (2015) [50] developed a “promising ideas
tool” within the KF platform to help the community identify the promising ideas generated
in virtual communities. To do so, each student selects the ideas that seem promising
according to some criteria agreed upon in class. The authors applied a content analysis to
understand the value of promising ideas from the community perspective, and they found
that promising ideas are connected to the advancement of knowledge in a community. In
other words, members who contributed promising ideas achieved significantly greater
knowledge advances than other members who did not.
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As commented above, Chen et al. (2005) [50] used the promising idea construct to identify
those who achieved knowledge advances in the community. Likewise, Ma et al. (2006) [35]
identified leadership and thus the Collective Cognitive Responsibility by measuring the
recognition received by the members in the community. Gutiérrez-Braojos et al. (2018 and
2019a) [10,39] bring these ideas together to measure the capacity to generate promising ideas
of the members of a community through the recognition that they receive from their peers,
and to use the measurements obtained to assess the CCR. This can be put into practice by
taking advantage of the analogy between a Knowledge Building community and a scientific
community, where the contributions in the KF platform play the role of research papers.
Under this analogy, the individuals’ capacity to generate promising ideas according to the
community is quantified by adapting the notion of impact from Scientometrics. In this
scope, the “impact” of a contribution can be understood as the level of consensus within
the community about the potential value of the contribution to achieve knowledge advance,
whereas the impact of each individual accounts the impact of all his/her contributions.
Based on the assumption that the more equitably the impact is distributed among its
members, the higher the level of CCR assumed in the community, Gutiérrez-Braojos and
colleagues borrowed ideas of Lorenz (1905) [51] and Gini (1912) [52] from Economy to
analyze and quantify how the recognition is distributed, and thus to estimate CCR along
different topics of discussion (over time). Thus, relying on ideas from Scientometrics (Price,
1986) [53], Gutiérrez-Braojos and colleagues observed how the recognition flew through
the discussions in the community. Based on these analyses, they explored each individual’s
responsibility in the creation of knowledge, the collective cognitive responsibility, and the
value of the more recognized contributions for collective or community knowledge.

This study is based on this last proposal to analyze Collective Cognitive Responsibility.
Despite its potential to evaluate a KB community according to its members’ criterium,
this approach raises two questions that raise a challenge to assess Knowledge Building
communities. The first one concerns the quantification of the impact. The number of
citations received by some individuals do not, by themselves, show a clear interpretation
of the impact of such an individual (do some need 10 citations to be impactful? Is it enough
to receive just 9 or 5? Why?). It also depends on the topic of discussion, because the most
popular topics are expected to generate more citations for all the members, so the number
of citations to be impactful should also be higher in these topics. Hence, a measure of
impact that carries an interpretation and enables a comparison between topics is needed.
The second question concerns the value of the impact to reach the reflexive assessment of a
KB community. When estimating CCR through a measure of impact within the community
it is necessary to take into account some external measure of quality of the contributions
that is comparable with this impact measure. In this way, the external assessment provides
feedback to the community that enables testing the agreement between the internal and the
external points of view and then supports the development of a reflective assessment.

1.3. Study Objectives

The purpose of this study is to address this assessment challenge by developing a
recent way to explore the dynamics of community knowledge advancement in higher
education, paying special attention to evaluating the Collective Cognitive Responsibility.
Given that Knowledge Building and knowledge creation are synonymous (Bereiter and
Scardamalia, 2018) [5], we look into to existing assessments used in real-world knowledge-
creating contexts, such as scholarly and scientific communities, as inspiration for our new
set of indices to assess collective responsibility for knowledge advancement. Whereas
classroom interventions have been developed to help students identify and work with
promising ideas during Knowledge Building (Chen, et al., 2015; Lee, et al., 2016) [50,54],
follow-up work is interested in identifying impactful builders based on the quality and
quantity of contributions recognized by the community. By extension, using econometric
measures, we determine the degree of collective responsibility assumed by students in
the community knowledge, taking every discussion topic over time as the unit of analysis.



Sustainability 2022, 14, 10603 5 of 18

Additionally, we identify roles of members in the community and explore the flow of
member roles through several discussion topics over the course of a semester. Therefore,
we aim to:

Describe indices that quantify the members’ commitment according to internal eval-
uation (by peers), and the quality of their contributions according to external evaluation
(by experts).

Estimate the Collective Cognitive Responsibility according to internal evaluation, and
the distribution of the quality of contributions according to external evaluation.

Additionally, it is necessary to identify members’ roles in the community based on
their contributions’ impact and explore the flow of member roles across several discussion
topics over the course of a semester. Specifically, we aim to:

Explore roles of members in the community based on both their commitment to CCR
and the quality of their contributions.

Analyze the temporal evolution of the measurements of commitment and quality of
contributions across several discussion topics.

2. Materials and Methods
2.1. Participants and Educational Context

Thirty-six undergraduate students (2 males) enrolled in an educational research course
at the University of Granada, Spain) participated in this study. The students were novel to
KB and KF. The students and teacher divided the course into three main topics of interest
or big challenges:

1st topic: Paradigms of Educational Research, PER. What are the paradigms for
students that will be trained in a social education degree? Which covered approach should
be adopted to face social and educational research?

2nd topic: Processes of educational research I, PrI. How should social and educational
research be carried out? What study planning, information search, and data gathering
techniques will be used?

3rd topic: Processes of educational research II, PrII. How should social and educational
research be carried out? The covered analytic strategies and communication of results
are shown.

Participants worked for 16 weeks through 3 modes of productive activity: small group
collaboration in face-to-face mode, community knowledge work in online mode, and indi-
vidual learning and reflection. In the face-to-face mode, students worked collaboratively
in two sessions each week to solve a set of knowledge problems related to an educational
research discussion topic. In the online mode, students used the Knowledge Forum (KF)
to discuss ideas in an expansive, collectively organized space that visualized the edge of
the community knowledge. The KF platform included several tools to facilitate collabora-
tive Knowledge Building: (i) interaction scaffolds (e.g., “I need to understand”, “A better
theory”, “Putting our knowledge together”) in contribution windows to support idea im-
provement; (ii) navigation tools to browse contributions through scaffold use, authorship,
etc., and create new discussion spaces; and (iii) a menu to analyze and assess individual
and group activity within the platform (e.g., reading, writing, editing behaviors). Finally,
in the individual mode, students were encouraged to reflect on their ideas. In particular,
they were asked to select those contributions in the KF platform that they considered to
contain promising ideas, that is, those contributions which were relevant for improving the
community knowledge. The process of selection constituted a specific task in the course, in
order to focus the reflections of the students on what are the actual valuable contributions.
Students made their selection in their portfolios, which were compiled by the teacher and
provided to the research group.

2.2. Measurements and Development of Indices for Impactful Members

In this study, we developed indices to find out the impactful members of a KB commu-
nity according to peer evaluation (i.e., students identifying impactful contributions in the
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Knowledge Forum discussion) and the quality of their contributions according to expert
evaluation (i.e., the teacher identifying impactful ideas in the Knowledge Forum discussion)
by using the note in the KF platform as a unit of analysis. Below, we first present the index
based on peer evaluation, and then the index based on expert evaluation.

Peer evaluation: an index for contribution to the advancement of ideas valued by the
community (CAC)

Students’ portfolios were used to identify the total number of impactful contributions
in the community. As commented above, each portfolio included a set of Knowledge
Forum notes that the student who made the portfolio identified as relevant for improving
the community knowledge. For each contribution, students had to justify their selection.
A total of 337 contributions were collected through the portfolios, which incorporated
the content of the contributions, its authorship, the interaction scaffolds used, and the
justification given by their peers. Thus, each student was given an impact score based on
the overall peer recognition of their contributions. We called this index Contribution to the
Advancement of Ideas valued by the Community (CAC):

CAC = 100 ∗ (RMC/TRM),

where RMC represents the sum of mentions received by individuals in the community, and
TRM refers to total mentions received in the community. The CAC value for one student
should be interpreted as the percentage of peer recognition from the community devoted
to that student. The values of this index are between 0 and 100. It is important to realize
that CAC allows us to compare members belonging to different communities, and it also
makes it possible to connect any empirical data with an ideal situation of equidistribution
of impact, where index values per individual should be equal to (100/N), where N stands
for the number of members in the community (Gutiérrez-Braojos et al., 2019) [10,11].

2.3. Expert Evaluation: An Index for Contribution to the Advancement of Ideas Valued by Experts (CAE)

Teacher evaluation of the quality of student’s contributions was used as assessment
that is external to the community. The teacher rated all the contributions in the Knowledge
Forum with the Structure of Observed Learning Outcome Taxonomy (SOLO, Biggs and
Collis, 1982) [55], which has been widely used to evaluate student learning on virtual
platforms, specifically to analyze the accuracy, structural complexity, and originality of the
knowledge reflected in the contributions (e.g., Brown, et al., 2006; Holmes, 2005; Schrire,
2005) [56–58]. The SOLO taxonomy has five levels of complexity, meta-categorized into
two levels. On the one hand, superficial contributions refer to overly simplistic and/or
disconnected ideas that do little to advance the community knowledge (pre-structural
level). On the other hand, deep-level contributions include relevant ideas that coherently
integrate essential aspects of the task requirements (relational level) and contributions that
involve generalizations, knowledge transference, and novelty (extended abstract level).
The teacher rated 193 of the 377 contributions made in the Knowledge Forum as deep
contributions. Thus, each student was given a score based on the overall expert recognition
of their contributions. We called this index Contribution to the Advancement of ideas
valued by Experts (CAE):

CAE = 100 × DCE/TQC,

where DCE is the number of deep contributions of an individual, rated by the expert, and
TQC represents the total number of deep contributions rated by the expert (i.e., the sum
of the DCE values for all the members of the community). This index is created as an
analogy to CAC to facilitate the comparison of peer-ratings and expert-ratings of impactful
contributions in the community. In fact, CAE is interpreted as the proportion of quality
contributions the individual has made in a community, according to the criteria of the
expert. The limited range 0–100 of this index has analogous advantages to those of the
CAC index: it enables not only interpreting the value as a percentage but also comparing
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two topics or one topic against the ideal situation of equidistribution of deep contributions
(Gutiérrez-Braojos et al., 2019) [10,11].

2.4. Plan of Analysis for Indices of Impactful Members

After developing impact scores for each student based on peer expert evaluations,
we transformed the aforementioned indices to estimate the degree of collective responsi-
bility and explore the flow of member roles within the community over time. Below, we
present the plan of analysis: (1) descriptive statistics, (2) calculation of the distribution of
impact, (3) role classification based on impact scores, and, finally, (4) temporal dynamics of
members’ roles.

Descriptive Statistics

The mean, median, and mode, as well as minimum and maximum values, were
calculated with the purpose of summarizing and locating the information offered by the
calculated indices. As for the dispersion, the coefficient of variation (CV) gives a measure
of the relationship between the size of the mean and the variability. Through the CV, we
wanted to compare the variability in the indices. Fisher’s asymmetry was also calculated in
order to find out the distribution of the values on the indices.

2.5. Calculation of Distribution of Impact within a Community

The Lorenz curve, Gini coefficient (G), and medial cumulative value (Ml) were used
to quantify the degree of inequality among students regarding the distribution of their
scores on the above-mentioned indices. On the one hand, the Lorenz curve is a graphical
representation that informs us how promising ideas are distributed among the members
of the community. This graph gives us the percentage of accumulated impact by a group
of members in the community (y-axis) and the accumulated percentage of members of
the community that said group represents (x-axis). We used this curve to visualize the
theoretical ideal of collective responsibility for knowledge advancement, where the impact
is equally distributed within the community. Therefore, the closer the Lorenz curve is to
a straight line, the closer the community is to the optimal state of Knowledge Building.
On the other hand, the Gini coefficient (Gini, 1912, 1921) [52,59] and the medial cumu-
lative value quantify the difference between the Lorenz curve and the straight line. In
other words, the Gini value is proportional to the area between the two lines. Therefore,
lower Gini coefficient values associated with a given index indicate greater equality in the
impact distribution. Likewise, the medial cumulative value describes the point at which
50% of the community has not accumulated that given value. Therefore, the closer the
value of Ml is to the median, the more equitable the impact distribution is. It should be
noted that the Lorenz curve and Gini coefficient are usually used to measure and visu-
alize unequal distributions of wealth within a population. Given the tendency toward
unequal distributions of impactful contributions between more knowledgeable and less
knowledgeable students, we adopted these measures to explore not only the mere presence
or absence of collective responsibility, but also the degree of collective responsibility within
a Knowledge Building community. Further explanations concerning the value of these
measures to estimate collective responsibility for knowledge advancement can be found in
Gutiérrez-Braojos et al., (2019a) [10,11].

2.5.1. Role Classification Based on Impact Scores

Members’ roles were identified based on grouped values of the indices. Students were
classified into five roles (high impact builders, medium-high impact builders, medium
impact builders, medium-low impact builders, and low impact builders), based on peer
evaluation, and five other roles, based on expert evaluation of the cognitive complexity
of students’ contributions: core builders, high-persistence builders, medium-persistence
builders, low-persistence builders, and non-persistent builders. This terminology, which
is inspired in the Price’s (1986) [53] analysis of publishing flows during a lapse of time,
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makes reference to the continuance of the individuals to produce high-quality contributions
according to the external evaluation. Table 1 shows the classification criteria for members’
roles. Students whose scores were higher than 80% of the community were ranked as
“high-impact builders” (according to peers’ recognition) or “core builders” (according
to experts’ evaluation). Students whose scores were equal to 0 were ranked as “low-
impact builders” (respectively, “non-persistent builders”). The remaining members were
considered “medium-impact builders” (respectively, persistent builders). In order to
provide greater detail about the distribution of roles in the community, three sub-groups of
“medium-impact builders” and “persistent builders” were created.

Table 1. Members’ role classification.

Peer Evaluation Condition Expert Evaluation

High impact builders X > 80 Core builders

Medium-impact builders (hi) 80 > X > 50 Persistent builders (hi)
Medium-impact builders (mid) 50 > X > 20 Persistent builders (mid)
Medium-impact builders (lo) 20 > X, X different from 0 Persistent builders (lo)

Low-impact builders X = 0 Non-persistent builders
Note: X = score of the index, and > = “greater than”. Hence, “P > X > p” indicates that the score of the member is
greater than p% and less than P% of the community.

2.5.2. Temporal Dynamics of Members’ Roles

Price’s (1986) [53] model of scientific production was used to understand the temporal
dynamics of members’ roles across different topics in the community. In examining the
authorship patterns of research papers over time, Price proposed two types of authors:
continuant authors, who publish every year, and transient authors, who publish only once
or a few isolated times (Gutiérrez-Braojos et al., 2019) [10,11]. Typically, the continuant
authors constitute the core of a research field. We adopted Price’s model to identify the
core group of impactful builders in our KB community. In the sections below, we refer
to students who are rated as impactful in every topic of interest in the community as
“core impact builders”. Likewise, we refer to students who are impactful in two topics
(or several of them, but not every topic) as “continuant impact builders”. By contrast,
“transient impact builders” are those students who are only impactful in one single topic.
This grouping allows us to analyse the flow of each member’s role within each topic of
discussion and identify whether there were students who had consistently high impact
levels over time.

2.5.3. Comparison of Peer and Expert Evaluations

In order to validate peer ratings against expert ratings, we compared the proportion
of the community rated as high-impact builders, medium-impact builders, and low-impact
builders with the proportions of core, persistent, and non-persistent builders. In other
words, percentages of agreement between the peer-based index (CAC) and the expert-based
index (CAE) were calculated for each role.

3. Results
3.1. Descriptive Statistics Associated with CAC and CAE

Table 2 shows the mean, median, and mode, as well as minimum and maximum
values, for the CAC (peer evaluation) and CAE (expert evaluation) indices across the
main topics of discussion: (i) Paradigms of Educational Research (PER), (ii) Processes of
educational research I (PrI), and (iii) Processes of educational research II (PrII). In the case of
the CAC index (on the left), the means are equal in the three topics of discussion, regardless
of the index, but they show different standard deviations. The median increases slightly as
the course progresses, but the maximum values decrease slightly as the course progresses.
The coefficient of variation (CV) indicates that the data are most homogeneous in topic PrII
and least homogeneous in topic PER. The coefficient of asymmetry (g1) is positive in the
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three topics, and so the distribution is asymmetric to the right (i.e., the CAC index has a
greater concentration of low values, although this asymmetry is corrected as the course
progresses). As for CAE (on the right), the means are relatively consistent In the three
topics of discussion. However, these results are not found for the median values—topic PrI
has the highest median value, and topic PER has the lowest median value. The coefficient
of variation is high in all the discussion topics, which may indicate that the scores are not
homogeneous, especially in the PER topic. Similar to the CAC index, the CAE index shows
asymmetric distribution to the right for all three topics, decreasing as the course progresses.

Table 2. Descriptive statistics associated with CAC and CAE.

CAC CAE

1st Topic
(PER)

2nd Topic
(PrI)

3rd Topic
(PrII)

1st Topic
(PER)

2nd Topic
(PrI)

3rd Topic
(PrII)

Mean 2.778 2.778 2.778 2.778 2.778 2.778
Me 2.36 2.44 2.54 1.92 2.31 1.32
Min 0 0 0 0 0 0
Max 11.811 10.569 7.627 13.426 12.308 10.526
Sd 2.769 2.522 2.306 3.574 2.915 3.11
CV 0.997 0.908 0.830 1.287 1.049 1.120
g1 1.521 1.094 0.467 1.176 1.277 0.931

It is not surprising that the mean values for both indices are equal and do not change
with the topic of discussion. Indeed, definitions of CAC and CAE under this assumption
make it possible to calculate the mean of both indices to get 100/N, where N is the number
of individuals. Therefore, mean values of the analyzed indices only depend on the number
of individuals in the community (they do not depend on the specific index or change with
time/topic). This property is especially suitable for our interest in investigating collective
responsibility for two reasons. First, it reveals the robustness of proportion-based indices
against fluctuations of topics or opinions of peers/experts. Second, these statistical results
serve as a reference value for CAC in the ideal case of maximum collective responsibility
(i.e., a scenario where all the members receive the same recognition). Consequently, the
closer the CAC values are to 2.788, the more collective responsibility is assumed by all the
members of the community.

3.2. Estimation of Collective Responsibility Based on the Calculation of Distribution of Impact
within a Community

Figure 1 shows that the peer-based index (CAC) provided similar Lorenz curves for
every topic of discussion. The Gini index shows that the equidistribution is slightly higher
as the course progresses. These results reveal that the top 50% of impactful contributions are
concentrated in 20% of the students. Conversely, it means that the other 50% is concentrated
in 80% of the students. Although these contributions were not considered to be as impactful,
their potential to improve the knowledge in the community should not be ruled out. The
expert-based index (CAE) provided a more unequal distribution in the topic PER, followed
by the topic PrI. Although 50% of the contributions are concentrated in 80% of the students,
according to the teacher, a high percentage of students contributed superficially, based on
the SOLO taxonomy.

Table 3 shows the Gini coefficient and the medial cumulative value for both indices
across the three topics of discussion. Comparing CAC and CAE values allows us to observe
that, once again, CAE gave rise to slightly less equidistribution of values in every single
topic. In particular, the most unequal values between the two indices were found in the
discussions on the topic PrII (processes of educational research), suggesting that this topic
is more challenging than the other two topics (i.e., research paradigms).



Sustainability 2022, 14, 10603 10 of 18

Figure 1. Lorenz curves associated with CAC and CAE indices across the three topics.

Table 3. Inequality measures associated with CAC and CAE.

CAC CAE

PER PrI PrII PER PrI PrII

G 0.492 0.478 0.456 0.648 0.538 0.583
Ml 4.724 4.065 5.085 7.481 4.615 7.895

3.3. Exploration of Role Classification Based on Impact Scores

Figures 2 and 3 show the classification of students in their roles based on their CAC
and CAE scores. With regard to the CAC index, results show that, in every discussion topic,
the biggest group consisted of medium-impact builders, followed by low-impact builders
(Figure 2). There were low percentages of high-impact builders, as well as medium-impact
builders. These results suggest that in the same learning environment, discussing the same
topics and working on the same assignments, there are differences in students’ production
of impactful contributions.

Figure 2. Distributions of roles according to the CAC index across the different discussion topics.

Likewise, the CAE index presents a high percentage of non-persistent builders, fol-
lowed by low-persistence builders (Figure 3). By contrast, a low percentage of high-impact
builders and medium-impact builders (hi, mid) was found. The comparison of the peer and
expert evaluations indicates that the latter gives rise to a higher number of non-persistent
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builders than low impact ones, which is consistent with the teacher’s coding of a high
percentage of superficial contributions in the section above. The differences between the
two indices (expert and peer evaluation) are not as clear in the percentages for the rest of
the categories. It is also interesting to note there are more high-impact builders in the first
two topics than in the third topic.

Figure 3. Distributions of roles according to the CAE index across the different topics of discussion.

Figure 4 illustrates the behavior of the different profiles within a discussion in the Knowl-
edge Forum platform. Once the students commented the characteristics of three research
paradigms, they discussed which were the most accurate for their professional scope.
Student 1 (low impact) included information from an authorized source, but when she
gave her opinion about which is the best paradigm she offered an explanation with low
cognitive complexity. Student 2 (also low impact) repeated previous information about
the paradigms and did not offer her opinion. Student 3 (moderate-high impact) clearly
summarized previous information about a single paradigm that was in her opinion the
most appropriate for the social educators. Student 4 (high impact) agreed with student
3 but raised the possibility of using a quantitative or qualitative techniques but, without
combining them. Student 5 (high impact) positioned herself in favor of the sociocritical
theory, and remarked that the Action-Research paradigm admits several investigations,
some of which could be quantitative and others qualitative. Finally, the learner developed
the idea of merging quantitative and qualitative methods according to the needs of the
Action-Research phases to give answer to the research objective. This example illustrates
that students did not recognize as impacting those who repeated information, i.e., those
who did not contribute to the improvement of previous ideas were no longer of interest
to the community. On the other hand, students that argued their opinion, established
properties to the knowledge according to context, or merged ideas in some way resulted as
high impact students.

3.4. Exploration of Temporal Dynamics of Members’ Roles

Figure 5 shows the transition flows of students’ roles across the three discussion topics
for the CAC index. It reveals that there were small numbers of continuant high-impact
builders (2.8% in the first transition and no continuance in the second transition) and
low-impact builders (8.3% or less in both cases). However, there was a high percentage of
continuant medium-impact builders (more than 50% in each topic).

Similarly, the CAE index (Figure 6) reveals that core builders made up a minority: there
were no continuant core builders in the first transition and a low percentage (2.8%) of core
builders from topic PrI to PrII. Again, the highest percentage of continuance was found in
the persistent builders group, mainly in the second transition. Nevertheless, percentages of
continuant low-impact builders were considerably higher than on the CAC index in every
transition. Taken together, these results suggest that the majority of students in this Knowledge
Building community who started as medium-impact builders remained in this role.
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Figure 4. Examples of contributions in the Knowledge Forum from different profiles of students.

3.5. Comparison of Peer and Expert Evaluations

Table 4 shows the number of high-impact builders, medium-impact builders, and
low-impact builders, based on peer evaluations (grey column), and core, persistent, and
non-persistent builders, according to expert evaluations (white column). Students who
were identified as low-impact builders by their peers were also considered non-persistent
builders by the teacher in 100% of the cases for the PER and PrII discussion topics, whereas
agreement was 71% in the case of PrI. However, there was greater disagreement between
medium-impact builders and persistent ones. Finally, there were 0 cases in which all the
high-impact builders identified by students were also considered core builders by the
teacher. This indicates potential discrepancies between the peer evaluation and expert
evaluation processes. For example, the criteria for rating impactful contributions may not
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be as similar to the criteria for rating deep and shallow ones (i.e., SOLO taxonomy) as we
had anticipated.

Figure 5. Temporal evolution of the roles according to the CAC index. Note: circles represent the
community in each topic. Thus, the same piece sector always represents the same member regardless
of the sector.

Figure 6. Temporal evolution of the roles according to the CAE index. Note: circles represent the
community in each topic. Thus, the same piece sector always represents the same member regardless
of the sector.

Table 4. Percentages of agreement about groups according to the CAE index and the CAC index
across the discussion topics.

Topic PER Topic PRI Topic PRII

High impact
builders (N = 3)

33.33% Core
High impact

builders (N = 3)

66.67% Core
High impact

builders (N = 4)

0% Core
66.67% Persistent 33.33% Persistent 100% Persistent

0% Non-persistent 0% Non-persistent 0% Non-persistent

Medium
impact builders

(N = 26)

7.69% Core Medium
impact builders

(N = 26)

0% Core Medium
impact builders

(N = 23)

4.35% Core
53.85% Persistent 76.92% Persistent 82.61% Persistent

38.46% Non-persistent 23.08% Non-persistent 13.04% Non-persistent

Low impact
builders (N = 7)

0% Core Low impact
builders (N = 7)

14.29% Core Low impact
builders (N = 9)

0% Core
0% Persistent 14.29% Persistent 0% Persistent

100% Non-persistent 71.43% Non-persistent 100% Non-persistent

4. Conclusions and Discussion

In this study, we developed a new approach to examine collective responsibility for
knowledge advancement in a Knowledge Building community. Using peer evaluation
and expert evaluation, we explored the community dynamics and patterns of students’
engagement across various discussion topics in a university-level education course. More
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specifically, we created the index of Contribution to the Advancement of ideas valued by
the Community (CAC) for peer evaluation, and the index of Contribution to Advancement
of ideas valued by Experts (CAE) for expert evaluation. CAC proved to be useful for
identifying the rating of a student’s impactful contributions according to his/her peers,
whereas CAE was useful for identifying the rating of a student’s high-quality contributions
according to his/her teacher. CAC and CAE not only allow the comparison of various
discussion topics within a community, but also against the ideal situation of Collective
Cognitive Responsibility, thus providing a global perspective of the extent to which a
member is engaged in collective responsibility for knowledge advancement in multiple
Knowledge Building communities.

CAC and CAE measure different constructs and they are complementary indices. In
this paper, the added value of CAE quantifies the number of high-quality in a comparable
with CAC, and it thus enables not only performing the analysis of equidistribution with
CAC, but also having the teacher’s evaluation about what is impactful in the community
(Table 4). Indeed, the purpose of CAE is to provide formative assessment (external to the
community) that supports the development of reflective assessment, which is the type of
assessment that is specific to Knowledge Building communities. The more similarity there is
between the results of CAC and CAE-related analyses, the more agreement can be assumed
between community assessment and teacher assessment, and thus the more reflective
assessment capacity the community has. This is especially useful in novel KB communities,
where the students are not used to autonomously carry out the reflective assessment.

Additionally, the Lorenz curve and the Gini coefficient were used to estimate the
equidistribution of impactful contributions within the community. Based on the two indices
used, our results demonstrated a relatively low level of collective responsibility (i.e., high
inequality in the distribution of impactful contributions) across all three discussion topics
in our course, which reinforces the pedagogical challenge of engaging students in authentic
knowledge work in university-level courses, as stated in the literature review. Regarding
novel patterns of engagement observed in this Knowledge Building community, we clas-
sified students in three major roles based on their CAC (high impact builders, medium
impact builders, and low impact builders) and CAE (core builders, persistent builders,
non-persistent builders) scores. With this information, we carried out three analytical
approaches to the Collective Cognitive Responsibility.

First, we carried out an analysis for each discussion topic. The results show that
there were very few high-impact builders and core builders, and the majority of the
community comprised medium-impact and persistent builders. Our findings show that
high peer recognition is especially concentrated in a few members in each discussion
topic. In fact, other Knowledge Building studies in university courses (e.g., Lax et al., 2016;
Mylläri et al., 2010) [23,37] found similar results. These results also appear to replicate the
laws of Lotka (1926) [60] and Pareto (1896) [61], who show that a small, prolific group
of authors publish a considerable proportion of the scientific productions, whereas the
majority of the authors publish a smaller number of scientific productions in a discipline.

Interestingly, we found that the discussion topic seemed to have an effect on the
production and search for impactful contributions. The third discussion topic, research
processes II, had the fewest impactful contributions identified by students. We recognize
that this was the most technical topic because it involved data analysis and reporting and
writing up results. On the other hand, the first discussion topic, research paradigms, had
the fewest number of complex contributions identified by the teacher. We acknowledge
that this was the most abstract topic because it involved comparing different research
design epistemologies. One possible reason for this discrepancy between the peer and
expert ratings is that they had different expectations about the level of mastery needed for
each discussion topic. Nevertheless, more technical and/or abstract topics require more
coordinated efforts, not only to generate impactful contributions, but also to improve the
shared knowledge in the community. Teachers should consider giving students more time
and/or additional supports to collaboratively work on difficult problems.



Sustainability 2022, 14, 10603 15 of 18

Second, an analysis across the three discussion topics was also carried out. Core
authors were not found in all the topics, as in Prices’ (1986) [53] model of scientific produc-
tion within a research community. In other words, we found low levels of continuance in
high-impact builders and in core builders, which means that a few different students led
different discussion topics, with the majority of members’ roles remaining stable over time.
These results match the idea of rotation leadership (Ma et al., 2016) [35] and reveal that
sometimes rotation of responsibility in the advancement of knowledge could hide a low
Collective Cognitive Responsibility for the rest of the members.

Third, a comparison of peer evaluations and teacher evaluations showed no agreement
about which members are “good” (high impact/core). However, peers’ and experts’
evaluations do agree when classifying “medium” (medium impact, persistent) builders
and the “worst” (low impact/non-persistent) builders. By comparing our two indices
more closely, we noticed that students tended to give more recognition than the quality
assigned by the teachers, suggesting that the teachers had stricter criteria for differentiating
between superficial and deep-level contributions. As a result, the peer evaluation index
generated a higher number of medium-impact builders than the number of persistent ones
obtained by the expert evaluation index. However, differences between the two indices
are not as apparent when observing the highest and lowest categories. It should also be
noted that, although the contributions of the majority of the students were not considered
impactful, their potential to contain promising ideas should not be dismissed. Past research
(Chen et al., 2015) [50] indicates that different criteria are used for judging promising
ideas and correct ideas, and that students should be equally fluent in applying different
criteria to assess each others’ ideas for various purposes during Knowledge Building. In this
regard, additional qualitative analyses are needed to understand how students and teachers
conceptualize and categorize impactful contributions. Moreover, subjective experiences of
being a member of the community can influence students’ recognition due to being tied to
their social relationships. More work is needed to uncover adult students’ perceptions and
experiences when engaging in Knowledge Building in university-level courses.

In summary, these results match those of Gutiérrez-Braojos, et al. (2018) and Gutiérrez-
Braojos et al. (2019) [10,11,39] and the findings seem to indicate that it is necessary for the
teacher to implement effective strategies to facilitate collective responsibility for knowledge
advancement. There could be several reasons for this finding. Recent studies in a similar
context have found that reflective evaluation drives Collective Cognitive Responsibility
and the advancement of collective ideas. Therefore, offering reflective assessment sessions
where students receive information from the CCR (Analytics tool based on these indices),
could help develop a more cohesive community when it comes to building ideas. It is also
possible that the students are not familiar with pure constructivist pedagogies, causing
them to have a fragmented conception and use surface approaches in knowledge building
(Tsai et al., 2017) [62]. Therefore, more time might be needed to assimilate the Collective
Cognitive Responsibility (Zhang, et al., 2009) [63]. It is also possible that the topics are too
easy or too difficult for the students, thus affecting their level of interest and engagement.
Another possibility is that the task was not authentic enough to engage students in sus-
tained discussions over time. Additional reasons for students’ adoption of a passive stance
in collaborative online discussions (such as “ghosts”, “lurkers”, and “free riders”) are elab-
orated in Strijbos and De Laat’s (2010) [64] review of participation roles. The pedagogical
challenge is to empower students to engage in meaningful, constructive interactions online,
without pigeonholing them into one fixed role. Teachers should work with students to
identify complex knowledge problems and design challenges to solve together.

5. Study Limitations and Future Directions

Fostering collective responsibility for knowledge advancement over the span of several
weeks is a great challenge for teachers. Nonetheless, we find it noteworthy that our findings
parallel those obtained in a previous study that employed a similar methodology with
another sample of university students (Gutiérrez-Braojos et al., 2019) [10,11]. These studies
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point to the potential usefulness of the indices within a Knowledge Building community.
Thus, the Knowledge Building challenge remains: idea generation is easy, whereas idea
improvement is hard (Scardamalia and Bereiter, 2006) [19]. Teachers need to provide
scaffolding for students to remain on a trajectory of continual idea improvement. We
recommend that future studies apply our indices of collective responsibility for knowledge
advancement in other Knowledge Building contexts to test the power of our methodology.

To conclude, we propose that student portfolios and peer ratings are one way to
identify impactful contributions in a community knowledge and, by extension, estimate
the degree of collective responsibility within a Knowledge Building community. To truly
test our proposal, we are working toward developing a new Knowledge Forum analytic
tool to provide embedded, transformative assessment for students and teachers in order to
make their Knowledge Building process clear, such as productive engagement patterns that
lead to the equidistribution of recognition within the community knowledge. In preparing
students to become future knowledge workers, teachers need to empower students to
take charge of their own learning and that of other community members at the highest
levels (Scardamalia and Bereiter, 1994) [65]. Making peer feedback and peer recognition
an integral part of the Knowledge Building process can only catapult students toward
assuming collective responsibility for knowledge advancement.
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