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Abstract

This case study presents an exploration of shared epistemic agency in the context of
knowledge-building activities of middle school students. Central to this exploration has been
understanding what actions that are indicative of shared epistemic agency emerged in a middle
school context. In addition, the role of metacognitive self-regulation strategies, personal
epistemological beliefs, and learning approaches in students’ individual performance was
investigated. The study was conducted with 60 sixth graders in three classrooms. Data were
collected from multiple sources consisting of records of student participation in classroom and in
virtual space, student-created artifacts, non-participant observations, and self-report data
obtained from students. Methodologically, a grounded theory approach was used to analyze
qualitative data and identify actions indicative of shared epistemic agency. Logistic regression
analysis was conducted to understand effects of metacognitive self-regulation strategies, personal
epistemological beliefs, and learning approaches on students’ individual performance. The
findings showed that 13 epistemic actions and 2 regulative actions emerged in students’
knowledge-building activities. Significant contribution of personal epistemological beliefs and
metacognitive self-regulation strategies to students’ individual performance in idea improvement
was found.
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Chapter 1
Introduction
1.1 Introduction
In today’s world, the ability to produce, advance, and use knowledge is critical to
individuals’ success in the knowledge economy. Efforts to answer the question “what kind of
education best prepares students for life in a knowledge society?” has led researchers to turn
their attention to substantial similarities between the process of advancing knowledge in the
disciplines and the process of learning. Such efforts gave rise to pedagogical approaches of
learning by discovery, guided discovery, and inquiry learning (Scardamalia & Bereiter, 2006).
These pedagogical approaches suggest a change in function of the school from service provider
to productive enterprise in which students produce knowledge in a collaborative environment
(Scardamalia & Bereiter, 1999). Knowledge-building pedagogy emphasizes the progressive
nature of scientific discovery and theory building, and it supports the kind of discourse that
advances the state of knowledge (Scardamalia & Bereiter, 1993). In a knowledge-building
community, people work progressively towards solving problems of interest to that community,
and the solution to these problems contributes to the community’s knowledge in a way that does
not merely lead to knowledge accumulation but to knowledge advancement.
Knowledge advancement is generally identified as knowledge progressing toward true or
warranted belief (Scardamalia & Bereiter, 2006). In knowledge building, however, advancement
is not measured by the distance between the current state of knowledge and a predetermined endpoint. But rather, improvement in the state of knowledge is taken as a criterion to evaluate
individual or community performance (Scardamalia & Bereiter, 2006). In the classroom, each
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unit might have a learning goal to be achieved, but distance from that goal is not the focus of
educational assessment. Instead, the difference between students’ initial ideas and end-of-unit
ideas is considered a measure of progress to detect the level of idea improvement on the subject.
The shift in the assessment is a natural outcome of the change in the classroom practice from a
focus on carrying out traditional teacher or child-centered activities to a focus on the continual
improvement of ideas (Scardamalia, 2004). From the knowledge-building standpoint, all ideas
are improvable (Scardamalia, 2002), and iterative idea improvement needs to be part of
educational programs committed to idea improvement (Scardamalia & Bereiter, 2006).
In order to move idea improvement to the center of educational programs, program
developers should know what needs to be done by students to advance ideas in a learning
context. Scardamalia (2002) briefly explained the roles of students in the process of advancing
knowledge under one of the principles of knowledge building: epistemic agency, which refers to
activities in which learners are directly involved in generating and advancing ideas through
collective contributions. Scardamalia’s studies indicated a number of discrete characteristics of
epistemic agency such as collective cognitive responsibility, collaborative problem solving, and
idea advancement. However, although these characteristics give insights into the roles of
students in collaborative problem-solving activities, they are not helpful enough for teachers to
design and develop projects in line with knowledge-building pedagogy. Teachers who work as
“experienced novices” in a new environment should be aware of certain important actions that
the learning environment affords so that they are able to direct the attention of students to those
actions (Young, 1993). Therefore, there is need to know of actions indicating epistemic agency
in knowledge-building environments and make them available to teachers who are new to
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knowledge-building pedagogy. The present study intends to meet this need by examining
epistemic actions carried out by middle school students in their processes of knowledge building.
Damsa, Kirschner, Andriessen, Erkens, and Sins (2010) conducted an exploratory case
study to understand what actions are indicators of epistemic agency in knowledge creation. They
proposed a specific form of epistemic agency called shared epistemic agency that emerges in the
context of collaborative knowledge creation. Even though shared epistemic agency refers to
group-level actions, it is triggered by inputs from individuals who engage in productive
collaborative activities (Damsa et al., 2010). However, individual-level factors that influence
group-level actions captured by shared epistemic agency have not been comprehensively
investigated. In the relevant literature, there appears to be a ground to establish connections
between characteristics of epistemic agency introduced for knowledge-building frameworks and
the following concepts of learning that explain individual-level processes, perceptions, and
beliefs: self-regulation, approaches to learning, and personal epistemological beliefs.
One of the distinctive characteristics of epistemic agency is collective cognitive
responsibility, which refers to the condition in which responsibility for the success of a group is
shared by group members. It requires taking responsibility for knowing what needs to be known
(Scardamalia, 2002) and for collaborative knowledge advancement (Zhang, Scardamalia, Reeve,
& Messina, 2009). The collective cognitive responsibility is traditionally assumed by a more
knowledgeable adult and gradually taken over by students in knowledge-building settings
(Scardamalia & Bereiter, 1991). The gradual takeover of the adult regulating role has been
widely studied in self-regulated learning literature. Planning, monitoring, evaluation,
metacognitive goal setting, and use of appropriate learning strategies are some characteristics
that self-regulated learning models share with knowledge building (Shell et al., 2005).
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Designing a learning environment in which students are engaged in collaborative work to
build shared understanding of knowledge problems is an important step toward developing
epistemic agency for knowledge building. Knowledge spaces that support collaborative ways of
knowing provide students with an opportunity to have multiple perspectives (Moss & Beatty,
2006), facilitate collaborative inquiry to form deeper levels of collaboration among students (van
Aalst, 2006), and promote students’ capacity to construct meaning for themselves. On the other
hand, it is widely argued that just placing students in an appropriate learning environment does
not guarantee collaboration (Kreijns, Kirschner, & Jochems, 2003). Studies investigating
students’ approaches to learning (e.g., Chan & Chan, 2011; Dart et al., 2000; Entwistle & Tait,
1990) pointed out the idea that students’ willingness to work collaboratively to build a shared
understanding in a knowledge-building environment might be affected by their approaches to
learning (e.g., reconstruction of meaning and reproduction of facts).
Collaborative efforts are directed towards creating and continually improving ideas
(Scardamalia & Bereiter, 2003c). Improvement in the state of knowledge is achieved by the
creation of epistemic artifacts such as theories, experimental set-ups, and concrete/abstract
models (Scardamalia & Bereiter, 2006). Students in a knowledge-building classroom
demonstrate epistemological awareness that is not observed very often in regular classrooms
(Kin, 2012; Scardamalia & Bereiter, 2006). Students in traditional classrooms believe that the
more they learn, the less there remains to be learned, whereas students in knowledge-building
classrooms realize that there is more they don’t know as they learn more (Scardamalia &
Bereiter, 2006). Similar changes are observed in students’ epistemological beliefs (i.e.,
individuals’ beliefs about knowledge and knowing). Students in knowledge-building classrooms
exhibited more changes from naïve epistemological beliefs (e.g., truth is known for certain)
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towards sophisticated epistemological beliefs (e.g., knowledge is deeply uncertain, and so truth
does not exist), compared to those in regular classrooms (Lam & Chan, 2008).
1.2 The Need for the Study
The concept of epistemic agency has not been comprehensively examined since it was
introduced to the field of education as a principle of knowledge building (Damsa et al., 2010). A
number of studies included epistemic agency as an indicator of knowledge creation. Hakkarainen
(2009) emphasized the relationship between students’ engagement in explanation-driven inquiry
and the degree of epistemic agency demonstrated by students. As the work of Erkunt (2010)
suggested, some distinguishing attributes of levels of epistemic agency (e.g., knowledge sharing,
and responsibility for knowledge advancement) can be used to measure students’ epistemic
agency. The work of Russell (2002) highlighted the role of epistemic agency in fostering interprofessional, continuous learning and reflective practice in hospital settings. These studies gave
insights concerning novel challenges and successes resulted from collaborative knowledgecreating inquiry, knowledge advances and epistemic involvement. However, patterns of actions
that provide indicators of epistemic agency have not been explored enough. Having an idea of
what actions of epistemic agents are evident in practice would be very helpful for the studies that
reported difficulties encountered in finding ways to direct the inquiry toward advancing shared
objects (e.g., Muukkonen & Lakkala, 2009). In addition, designing learning activities with the
guidance of specific actions evident in the practice of epistemic agents (e.g., collecting additional
information, examining given sources, negotiating new ideas, etc.) would better help in directing
knowledge-creating inquiry toward advancing shared objects, compared to developing learning
activities considering broad categories of epistemic agency (e.g., advancing knowledge,
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collaborative problem solving, and productive problem solving, and creating shared
understanding).
Damsa et al. (2010) identified actions that provide indicators of shared epistemic agency,
a specific type of epistemic agency that refers to shared efforts at the group level, not to each
individual member’s activities. Damsa et al. (2010) supported the conceptual position of
‘cognition as individual property,’ and also conceive shared understanding among people as an
overarching element in the context of knowledge creation. Their approach to learning seems to
include contradictory perspectives, but, in fact, it represents a more inclusive approach to
learning, which is in line with the knowledge-creation perspective of learning where “the
emphasis [is] not only on individual or on community, but on the way people collaboratively
develop mediating artifacts” (Paavola & Hakkarainen, 2005, p. 539). The knowledge-creation
approach to learning, which takes its roots from activity theory, knowledge-building theory, and
epistemology of mediation, emphasizes the importance of individual competencies and initiative
in innovative processes where people collaboratively create and develop mediating artifacts
(Paavola & Hakkarainen, 2005). From this perspective, considering individuals’ beliefs,
perceptions, and their approaches to learning and knowing, while examining group-level actions,
may be helpful to better understand how these actions emerge when groups collaborate on
creating knowledge objects. As a way of doing so, individual-level processes, beliefs and
perceptions related to characteristics of epistemic agency introduced for knowledge-building
framework may be taken into account while examining the occurrence of group actions
indicating shared epistemic agency. This type of investigation may provide a holistic
understanding of epistemic agency in knowledge building/creation. Before starting this type of
investigation, researchers need to have empirical evidence to show whether the proposed
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relationships between each of aforementioned individual-level factors and idea improvement
exist in students’ knowledge-building activities. Once individual-level factor effects on the
process of knowledge advancement have been shown, we can move one step further and
investigate the role of each individual-level factor in emergence of group-level actions such as
creating joint plan of actions and engaged in shared construction of data collection instruments.
1.3. The Purpose of the Study
This study aims to explore the construct of shared epistemic agency in the context of
knowledge-building activities of middle school students, and to understand whether individuallevel factors (i.e., self-regulation, approaches to learning, and personal epistemological beliefs)
are influential in predicting students’ performance in knowledge-building environments. A case
study approach was adopted to address the following research questions:
1. What actions indicative of shared epistemic agency are evident in middle school students’
knowledge-building activities?
2. Are the following individual-level constructs influential in predicting middle school
students’ performance in knowledge-building activities: self-regulation, approaches to
learning, and personal epistemological beliefs?
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Chapter 2
Literature Review
2.1 Knowledge Building
The term “knowledge building” is used to refer to an integrated framework for
knowledge-building pedagogies, practices, and environments (Scardamalia, 2002). As opposed
to traditional educational practice characterized by reliance on textbooks for content and
memorized facts, knowledge-building pedagogy places knowledge creation at the center of
educational practice in order to respond to the need to prepare students for life in a knowledge
society. The idea of creating or constructing knowledge has been around for more than two
decades and has taken a more definite shape in various educational approaches such as
problem/project-based learning and case-based learning. These constructivist approaches
emphasize active knowledge construction in collaborative groups and transformation in the roles
of students and teachers (Hmelo-Silver, 2004).
Knowledge-building pedagogy took the idea of collaborative knowledge creation one
step further in order to align student learning with the practice of science. In a knowledgebuilding environment, in order for an idea or a problem solution to be credited as knowledge
creation, it must meet additional criteria. Intentionality and community knowledge are two of the
characteristics of knowledge building that are important for knowledge creation, but not shared
by constructivist learning (Scardamalia & Bereiter, 2010). In addition, progressive inquiry (i.e.,
sustained processes of advancing knowledge) is at the center of the knowledge-building
approach, whereas it does not have to be an essential part of other constructivist learning
approaches. In the classroom community, students work progressively and purposefully towards
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solving authentic problems, and their solutions advance the community's knowledge. Knowledge
advancement occurs as a community rather than through individual achievement (Scardamalia &
Bereiter, 2006). The state of knowledge in a community is not what is in people’s mind or an
aggregate of mental states of community members, but instead it is an aggregate of ideas of
value to the community, which have been produced and advanced by the collective efforts of
community members over time. Community members are not honored for what they know but
for contributions they make to the community’s knowledge by creating epistemic artifacts (e.g.,
theories, experimental set-ups, and concrete/abstract models) that enable further advancement of
knowledge (Scardamalia & Bereiter, 2006).
Knowledge-building pedagogy presents idea improvement as a way to bring schooling
into much closer alignment with the way knowledge advances in the disciplines. According to
the notion of idea improvement, students are encouraged to work collectively, and their
collective work is channeled towards improving ideas rather than improving the content of
students’ minds (Scardamalia & Bereiter, 2010). From the knowledge-building standpoint, all
ideas are improvable (Scardamalia, 2002), and iterative idea improvement needs to be part of
educational programs committed to idea improvement (Scardamalia & Bereiter, 2006). Each
iteration helps students move their ideas one step further. Advancement in the state of knowledge
is assessed by considering the difference between students’ initial ideas and their end-of-unit
ideas.
In knowledge-building communities, students are encouraged to share ideas and consider
them from multiple perspectives. Chen, Scardamalia, and Bereiter’s (2015) work showed that
engaging students in the intentional efforts of examining ideas, selecting promising ideas, and
building on those ideas raised awareness of community ideas and improved collaboration among
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students. Collaboration and idea improvement are two key features taken into account while
designing a knowledge-building environment (KBE). Scardamalia and Bereiter (2003b) defined
KBE as “any environment (virtual or otherwise) that enhances collaborative efforts to create and
continually improve ideas” (p. 269). KBEs are designed to reflect the knowledge-building
principles presented in Table 1 (Scardamalia, 2002).
The principles link together into a system. In conjunction with the principles of “Real
Ideas and Authentic Problems,” “Rise Above,” “Improvable Ideas,” and “Community
Knowledge and Collective Responsibility,” Epistemic Agency implies activities that encourage
students to produce real ideas of value to the community and work collaboratively on authentic
problems to improve the ideas in quality, coherence, and utility. In the next section, perspectives
on agency are investigated to get better insight on epistemic agency.
2.2 Perspectives on Agency
Different stances have been created on the concept of agency. A common conception of
human agency presupposes that intentionality is the core aspect of agency. “People form
intentions that include action plans, and strategies for realizing them” (Bandura, 2006, p. 164),
and have influence on their life circumstances (Bandura, 2006) and behavior of others (Dietz &
Burns, 1992). The ability to act intentionally is necessary for people to pursue the goals of
acquiring the truth (Reed, 2001) and shape their worlds (Nash, 2005). Human action is not the
only factor that alters the world. Agency cannot be located in the human mind and separated
from the environments in which agency emerges (Nash, 2005). Rather, human intentions are
shaped by a particular environment, which results in influencing and constraining human actions.
Environment is formed by sets of social relations (Stinchcombe, 1965), which represent a social
system (Walby, 2007). People create social systems, which in turn influence their lives.
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Table 1
Knowledge building principles
Real ideas and
authentic problems
Improvable ideas
Idea diversity
Rise above

Knowledge problems which are authentic for students arise from efforts to
understand the world.

All ideas are improvable in quality, coherence, and utility. Students work
toward improving ideas.
Trying to understand all ideas related to knowledge problems being
investigated is essential to the development of knowledge advancement.
To understand an idea is to understand ideas that surround it.
Creative knowledge building requires working toward more inclusive
explanations regarding solutions of knowledge problems.

Community
Participants contribute to shared goals of the organization and share
knowledge, collective responsibility for the success which is advancement of knowledge in the
responsibility
community. Their contributions to produce ideas of value to the
community are prized and rewarded as well as individual achievements.
Democratizing
knowledge

All participants can contribute to the shared goals of the community and
take part in knowledge advancement regardless of the diversity and
divisional differences represented in any organization.

Symmetric knowledge Knowledge exchange within and between communities leads to
advancement
symmetric knowledge advancement.

Pervasive knowledge Knowledge building is not restricted to particular occasions and subjects.
building
Constructive uses of To know a discipline is to be aware of present state of knowledge in the
authoritative sources field. Using, referencing, and building on authoritative sources—
combined with a critical stance toward those sources—are encouraged.

Knowledge-building In the discourse of knowledge-building communities, the sharing of
discourse
knowledge is not the sole purpose, but rather the knowledge is refined and
transformed to advance understanding beyond the most knowledgeable
individual.
Embedded and
transformative
assessment

Epistemic Agency

Assessment is conducted to advance knowledge, not just to evaluate the
state of knowledge in the community. Internal assessments are conducted
to identify problems as the work proceeds and to ensure that the
community’s work will exceed the expectations of external assessors.

Epistemic agency refers to activities involving knowing and knowledge.
In a knowledge-building framework, it refers to activities in which
learners are directly involved in generating and advancing ideas through
collective contributions.
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Therefore, an agent should be considered organism-in-its-environment rather than self-contained
individual confronting an external world (Nash, 2005).
In social cognitive theory, the influential role of environment in human functioning is
acknowledged. Human agency, however, does not merely operate within environmental
influences. It results from the reciprocal interaction of intrapersonal, behavioral, and
environmental determinants (Bandura, 2011). Social cognitive theory rejects the duality between
human agency and social structure (Bandura, 2006), and it extends the conception of human
agency to a collective agency (Bandura, 1999). Collective agency refers to a group of
participating agents’ shared intention and their coordination of interdependent plans of action to
realize it (Bandura, 2001). In addition to intentionality, other core properties of agency are
forethought (i.e., deliberative ability to make choices and action plans as well as anticipate
possible outcomes of prospective actions), self-reactiveness (i.e., ability to construct appropriate
courses of action and to motivate and regulate their execution), and self-reflectiveness (i.e.,
metacognitive capability to reflect upon oneself and the adequacy of one’s thoughts and actions)
(Bandura, 2006).
Sociocultural views depict agency as “the socioculturally mediated capacity to act”
(Ahearn, 2001, p. 112) and refuse the assumption that agency is an individual character trait or
activity (van Lier, 2008). Rather, the sociocultural perspective deals with how social factors and
cultural tools shape ways of acting and criticizes traditional accounts of human mental
functioning in which the individual dimension of consciousness is considered primary, compared
to the social dimension of consciousness. Sociocultural accounts of human mental functioning
place a great emphasis on the role of cultural, historical, and environmental factors in cognitive
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processes (Wertsch, 1995). As stated in Vygotsky’s often-quoted statement, cultural activities
are the primary dimension of cognition, and they affect one’s mental functioning:
Any function in the child’s cultural development appears twice, or on two planes. First it
appears on the social plane and then on the psychological plane. First it appears between
people as an interpsychological category, and then within the child as an
intrapsychological category. (Vygotsky, 1978, p. 57)
Intelligent behavior is observed in a complex environment characterized by tools,
machines, instruments, and other informational resources on one side, and by collaborators and
partners on the other side (Sawyer, 2006). Hutchins’ (1991) analyses of how crews of naval
vessels organize their activity to guide a large ship into or out of a harbor is a good example to
show how the intelligence is distributed, both between people and between a person and an
object in a social and physical environment. The ship is operated near land by a cycle of activity
called the fix cycle which is distributed across a team of six people. In each cycle, team members
must function together to continuously plot the ship’s current and next positions communicating
with several tools/technologies such as navigation charts, special telescopic sighting device, and
bearing timer. Hutchins’ analyses show how the concept of cognition is relocated at the level of
activity systems. Agency extends beyond the skin and is attributed to the group.
2.3 Epistemic Agency
Etymologically speaking, the word epistemic refers to knowledge and knowing
(Merriam-Webster’s online dictionary, n.d.). Epistemic agency, then, refers to activities
involving knowledge and knowing. The discussion on whether agency is individual or collective
entails a similar discussion on epistemic agency. From the perspective of epistemic
individualism, which represents one side of the discussion, the individual is the primary
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epistemic agent, and his or her thoughts are the foundation of knowledge. This form of
epistemic individualism seems to be motivated by the epistemological stance that separates the
experienced world from knowledge generation (Tollefsen, 2004). According to this traditional
approach to epistemology, which dates back to René Descartes, the individual knower generates
knowledge with their mental processes, and it is located in the mind-brain (Goldman, 1987). An
empiricist account of traditional epistemology advocates that knowledge can be explained with
sense experiences that are consequences of individuals’ own actions involving observations and
remembering what is observed in the appropriate way (Frede, 1990). In this account, the role of
memory in human knowledge is emphasized and memory is considered the source of knowledge.
This account is challenged by rationalist account of traditional epistemology, which gives strong
emphasis to the role of reason in providing justification for beliefs. For rationalists, sense
experience is not the ultimate source of knowledge; rather, knowledge is acquired independently
of sense experience (Markie, 2013). Despite the dispute between rationalism and empiricism,
they both restrict knowledge acquisition with human mind and view the agent of knowledge or
the knowing subject as an individual person.
Traditional individualistic epistemology is challenged by advocates of social
epistemology that heeds the role of social procedures in acquiring knowledge. Social
epistemologists evaluate social practices in dealing with their influence on knowledge
acquisition (Goldman, 1987) and explore the nature of knowledge in the context of a social
group (Dewitt, 2012). From their perspective, “truth” and “fact” are social constructions and not
community-independent (Goldman, 2009). The traditional account of epistemic goals of
individuals is extended to the account of collective epistemic goals assuming that groups can
have the epistemic goal of having true beliefs (Fallis, 2007). Social groups (e.g., corporations,
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collectives, research communities, etc.) are admitted as knowers or epistemic agents (Mathiesen,
2007), and the focus of contemporary epistemology is broadened to include collective epistemic
agents (Tollefsen, 2004).
Epistemic agency that emerges through participation in socio-cultural activities is
necessary for progressive inquiry (Paavola & Hakkarainen, 2005), a pedagogical model
compatible with collaborative knowledge building (Stahl, 2002). In the knowledge-building
framework, epistemic agency refers to learners’ intentional and goal-directed activities to
generate and advance knowledge through collective contributions. Agency is evident in a
knowledge-building environment when learners set forth their own ideas or goals towards the
solution of knowledge problems (Scardamalia & Bereiter, 2003a; Scardamalia, Bereiter, Mclean,
Swallow, & Woodruff, 1989), formulate questions to guide their problem-solving process
(Scardamalia & Bereiter, 1991), engage in progressive problem solving and self-assessment
(Scardamalia, 2000), formulate new higher-order problems en route (Scardamalia & Bereiter,
1996), and solve them going through higher-level knowledge processes such as theory
refinement, evaluation of evidence and counter arguments, constructive criticism, and
experimentation (Scardamalia, 2000). These self-regulated activities are metacognitive in nature;
therefore, metacognitive awareness has a critical role in the development of epistemic agency
(Nirula, Woodruff, Scardamalia, & MacDonald, 2003). As stated by Zhao and Chan (2014),
assuming metacognitive roles is indispensable for students taking on epistemic agency to
improve ideas.
In addition to self-directed or self-regulated actions, there is another aspect of epistemic
agency in knowledge building: collaborative construction/creation of knowledge. Epistemic
agency emerges when learners are engaged in joint planning (Bereiter & Scardamalia, 1992),
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sharing responsibility to produce ideas towards solutions of knowledge problems (Scardamalia &
Bereiter, 2003b), contributing to collective knowledge advancement, and adding values to shared
goals (Scardamalia, 2000). Epistemic agency is fostered when interaction or dialogue between
peers is enhanced (Scardamalia & Bereiter, 2003a).
Drawing on the insights discussed above, two major aspects of epistemic agency are
identified. The first aspect covers the regulatory actions that play a role in planning, monitoring,
and assessing the process of knowledge advancement. The second aspect encompasses joint
actions whose goal is to construct knowledge through interaction and collaboration with others.
A similar classification is proposed in the study of Damsa et al. (2010), which identifies two
major dimensions of epistemic agency: the epistemic and the regulative dimensions. The
epistemic dimension, which is defined based on the idea of epistemic collaboration, consists of
knowledge-related activities (e.g., coordinating personal ideas with others and structuring
collective ideas) that lead to the creation of knowledge objects. The regulative dimension
involves process-related activities that steer the object-development process, including setting
goals, long-range planning, and monitoring collaborative efforts. Damsa et al. (2010) took a
stance on regulatory actions that emphasized inter-subjectivity. Similar to the joint nature of
epistemic actions, actions at the regulative level are situated beyond the lives of individual social
actors and occur within collectively organized contexts. They proposed a specific form of
epistemic agency called shared epistemic agency that emerges in the context of collaborative
activities. Shared epistemic agency is different from the approach to epistemic agency introduced
by Scardamalia in that shared epistemic agency merely denotes the joint efforts of creating and
collaboratively advancing shared knowledge objects. On the other hand, Scardamalia’s
perspective on epistemic agency emphasizes—in addition to the joint efforts—individual
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contributions of community members to the advancement of collective knowledge. According to
Damsa and Andriessen (2012), Scardamalia’s perspective on epistemic agency emphasizes
individual cognition. Damsa et al. (2010) consider shared epistemic agency as “a capacity that
enables groups to deliberately carry out collaborative, knowledge-driven activities with the aim
of creating shared knowledge objects” (p. 154). To conceptually elaborate the construct of
shared epistemic agency, they investigated how it was evident in practice. In their investigation,
different types of actions that are indicative of shared epistemic agency were observed (see
Table 2).
These actions, which are performed at the group level, point out a specific type of
practice in an established community of practice that does not automatically emerge when
groups of students work on collaborative assignments. Joint efforts of group members directed to
create knowledge objects, not activities at the individual level, indicate shared epistemic agency,
which is an emerging, recursive, and gradual process (Damsa & Andriessen, 2012). Even though
shared epistemic agency does not emerge at the individual level, it is triggered by inputs from
individuals who engage in productive collaborative activities (Damsa et al., 2010). However,
factors that explain how individual inputs trigger and influence shared epistemic agency have not
been comprehensively investigated.
In the relevant literature, there appears to be ground to establish connections between
epistemic agency and some concepts of learning that are not only related to individual-level
processes, perceptions and beliefs, but that may also influence group-level actions such as selfregulation, approaches to learning, and personal epistemological beliefs. In the remaining
sections of this chapter, I attempt to unpack these concepts and highlight their relationship to the
following characteristics of epistemic agency put forward by Scardamalia: collective cognitive
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responsibility for both failure and success, executive control of cognitive interaction,
collaborative problem solving, and idea advancement.
Table 2
Overview of Actions Indicating Shared Epistemic Agency
Dimension

Epistemic
(Knowledge
related)

Category (of Action)

Creating awareness

Identifying a lack of knowledge

Alleviating lack
of knowledge

Examining given sources

Creating shared
understanding

Regulative
(process related)

Action

Identifying problems

Collecting additional information
Structuring new concepts

Sharing information (from sources)
Giving meaning to new concepts
Discussing misunderstandings
Sharing ideas and knowledge
(Re)framing the problem

Generative collaborative Generating new ideas
actions
Engaging in collaborative uptake of ideas
Negotiating new ideas
(Re)framing the object
Engaging in shared construction of (intermediate)
objects
Revising ideas and object drafts
Using feedback constructively
Projective

Setting common goals

Regulative

Monitoring object advancement

Relational

Transcending (social) conflict

Creating a joint plan of action
Engaging in proactive conduct

Coordinating object-related activities
Reflecting on actions, ideas, and problems
Adjusting the group’s current strategy
Redirecting critical feedback
Creating space for others’ contributions
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2.4 Self-regulation
One of the distinctive characteristics of epistemic agency is collective cognitive
responsibility that refers to the condition in which responsibility for success of a group is shared
by group members. It requires taking responsibility for knowing what needs to be known
(Scardamalia, 2002) and collaborative knowledge advancement (Zhang et al., 2009). Members
need to understand emergent problems and changing goals, while monitoring advances as
participant contributions change the problem space (Zhang et al., 2009). Collective cognitive
responsibility additionally requires that members make complementary, non-redundant
contributions by responding to and building on one another’s ideas. To foster collective cognitive
responsibility in the classroom, students need to deal with top-level planning and decisions such
as elaborating goals; monitoring gaps, weaknesses, and conflicts; analyzing the extent to which
they have succeeded or failed; and adjusting their course of actions to meet goals (Zhang et al.,
2009). All these actions, which are traditionally assumed by a more knowledgeable adult, are
gradually taken over by students (Scardamalia & Bereiter, 1991). This gradual takeover of adult
regulating role in the zone of proximal development is an important topic of the self-regulated
learning literature.
The self-regulated learning approach implies that self-regulation occurs when students
plan, monitor, and regulate actions towards their learning goals (Paris & Paris, 2001;
Zimmerman, 1999). Planning, monitoring, evaluation, metacognitive goal setting, and use of
appropriate learning strategies are some characteristics that self-regulated learning (SRL) models
share with knowledge building (Shell et al., 2005). For example, defining tasks, setting goals,
planning how to reach them, enacting tactics, and adapting metacognition are among the phases
of the SRL model proposed by Winne (2001). Since Winne’s SRL model was developed around
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the information-processing theory and ignores the role of social environment in regulating
processes, it has been widely criticized by proponents of socio-cognitive or sociocultural
learning theories. The socio-cognitive perspective on SRL interprets human agency as having
reciprocal interactions among personal variables and environmental factors. Zimmerman (2005),
for instance, emphasized the interdependent roles of social, environmental, and personal (self)
processes where “self-initiated processes alter one’s social and physical environment, and
are in turn affected by those changes” (p. 24).
2.5 Epistemological Beliefs
A knowledge-building environment is defined as “any environment (virtual or otherwise)
that enhances collaborative efforts to create and continually improve ideas” (Scardamalia &
Bereiter, 2003c, p. 269). This definition draws attention to the progressive aspect of collaborative
problem solving process. Progressive character of knowledge-building discourse refers to the
creation of epistemic artifacts (e.g., theories, experimental set-ups, and concrete/abstract models)
that give rise to the development of newer knowledge (Scardamalia & Bereiter, 2006).
Epistemic assumptions guide the ways that individuals construct knowledge and justify
their beliefs (King & Kitchener, 1994). In order for students to construct or create knowledge as
they attempt to advance the state of knowledge in a community, they are expected to hold some
epistemic assumptions, especially the following assumptions: “theories or ideas are susceptible
to change” and “any conclusions should remain open to reevaluations and improvements.” In
the Reflective Judgment Model proposed by King and Kitchener (1994), individuals acting under
the guidance of these epistemic assumptions are classified as reflective thinkers who reason with
the following assumptions: (1) knowledge is uncertain, (2) current knowledge claims may be
replaced with other knowledge claims when new evidence or perspective of inquiry become
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available, and (3) all conclusions may be reevaluated based on new information or new
interpretations. As a stage model characterizing the development of epistemological thinking,
Kuhn’s Argumentative Reasoning Model identifies the essence of what is developing or
changing in epistemological thinking. The model defines three levels of epistemological
understanding that reflect progression from objective dimension of knowing (i.e., reality is
directly knowable and knowledge is certain and absolute) to subjective dimensions of knowing
(i.e., reality is not directly knowable and the possibility of certain knowledge is denied; Kuhn,
1991). From Kuhn’s perspective, someone who holds the aforementioned epistemic assumptions
is expected to accept the coexistence of multiple viewpoints and to think that different
viewpoints can be compared and modified. One position someone holds can have more merit
than another position depending on arguments and evidences used to support positions.
Students in a knowledge-building classroom demonstrate epistemological awareness,
which is not observed very often in regular classrooms (Kin, 2012; Scardamalia & Bereiter,
2006). Students in traditional classrooms believe that the more they learn, the less remains to be
learned, whereas students in knowledge-building classrooms realize that there is more they don’t
know as they learn more (Scardamalia & Bereiter, 2006). In recent work, Hong, Chen, and Chai
(2016) observed a significant positive relationship between students’ participation in online
knowledge-building practice and improvement of their epistemic views (e.g., viewing ideas as
public entities that can be exchanged and improved).
In another study, a significant change associated with the nature of theoretical progress
was observed in the knowledge-building class (Chuy et al., 2010). Before the knowledgebuilding approach was implemented, students’ responses reflected a belief that a theory advances
with accumulating new information and getting closer to truth. After the implementation, they
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were able to understand that theories advance and get better as their explanatory power increases
through experimenting (Chuy et al., 2010). These findings pointed out the development of more
sophisticated epistemologies in students who followed the knowledge-building approach. Similar
findings were obtained by Lam and Chan (2008). Their analyses of change in epistemological
beliefs—individuals’ beliefs about knowledge and knowing—show that students in the
knowledge-building classroom exhibited more changes from naïve epistemological beliefs (e.g.,
truth is known for certain) toward sophisticated epistemological beliefs (e.g., knowledge is
deeply uncertain, and so truth does not exist), compared to those in a regular classroom. These
findings are supported by the findings of Forrester (2006) showing that 63% of students taking
an online knowledge-building course exhibited a change in epistemological understanding
toward sophisticated epistemological beliefs.
The studies mentioned above investigated whether students demonstrated any changes in
their epistemological beliefs over time in knowledge-building environments. However, the role
of students’ epistemological beliefs in their contribution to the knowledge advancement has not
been explored sufficiently. As stated by Hong et al. (2016), there is a need to explore the
potential direction of the relationships between participating in knowledge-building activities and
the improvement of epistemological views. Observing changes in epistemological understanding
toward sophisticated epistemological beliefs in knowledge-building environments is very
important, but not enough to understand whether there is an observable difference between
students who hold naïve epistemological beliefs and those who hold sophisticated
epistemological beliefs in terms of idea improvement or knowledge advancement. Having a clear
idea regarding how epistemological beliefs influence productivity in collaborative problem
solving toward idea improvement would better inform designers of instruction in their
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development of knowledge-building activities, especially when determining type and level of
scaffolding or guidance to be provided.
2.6 Approaches to Learning
Problem solving is accepted as the best way to gain procedural and declarative
knowledge (Scardamalia & Bereiter, 2006). Learning activities need to be designed around
knowledge problems so that students can acquire intended knowledge through collaborative
problem solving. As a characteristic of epistemic agency, collaborative problem solving defines
how knowing takes place in the knowledge-building discourse. Students must demonstrate a
mutual engagement in a coordinated effort to enable collaborative solutions to knowledge
problems (Scardamalia, 2002). Collaborative work includes deep discussions centered on
knowledge problems and negotiations between group members about solutions to the problems.
Designing a learning environment in which students are engaged in collaborative work to build a
shared understanding of knowledge problems is an important step toward developing epistemic
agency for knowledge building. Knowledge spaces that support collaborative ways of knowing
provide students with an opportunity to have multiple perspectives (Moss & Beatty, 2006),
facilitate collaborative inquiry to form deeper levels of collaboration among students (van Aalst,
2006), and promote students’ capacity to construct meaning for themselves. The effect of
learning contexts on students’ learning approaches (i.e., rote or meaningful learning) has been
reported by several researchers. For example, Hall, Ramsay, and Raven (2004) made limited
changes to their learning environment in an attempt to increase students’ engagement and to
promote the use of deep approaches to learning (e.g., including group problem-solving tasks).
Results of the study support the idea that students’ approaches to learning can be changed
through changes in the learning environment.
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Changing students’ learning approaches from rote learning to meaningful learning is not
an easy task. It is widely argued that just placing students in an appropriate learning environment
does not guarantee collaboration (Kreijns et al., 2003). Research findings supporting this
argument turned researchers’ attention to factors affecting student participation in collaborative
learning environments. Entwistle and Tait’s (1990) study indicated that students who use a deep
approach (i.e., reconstruction of meaning) or a surface approach (i.e., reproduction of facts) in a
learning situation also prefer the method of teaching that fosters their preferred approach to
learning. In other words, students who use rote memorization in learning prefer teaching
methods used for passive transmission of knowledge. Similarly, Chan and Chan (2011) pointed
out that students who prefer a deep approach to learning are more likely to be involved in
knowledge-building collaboration. Their findings, however, don’t show that students who prefer
a surface approach to learning are inclined to engage in collaboration. In another study, it was
found that students who think that learning is about acquisition and accumulation of content are
likely to use surface approaches to learning, whereas students who think that learning is to build
understanding and meaning will most probably use deep approaches to learning (Dart et al.,
2000). These studies refer to the idea that students’ conceptions of learning and their approaches
to learning might be determinants of whether they will attempt to work collaboratively to build a
shared understanding in a knowledge-building environment.
2.7 Chapter Conclusion
Continuing to learn throughout life, developing a core set of competencies, and applying
them with greater efficiency is no longer the way to become successful in a world of rapid
change. The transformation from an industrial society to a knowledge society represents the
transformation from a manufacturing economy to a knowledge economy, where experts are
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required not to perform rote tasks but to demonstrate deep understanding of information and
generate ideas. Learning new things collaboratively, using them effectively in different contexts
to come up with innovations, then planning, monitoring, and evaluating this process in an
efficient way are the new skills that knowledge economy demands. Experts’ ability to learn new
information using these skills depends entirely on what is already known or available. Since
knowledge is cumulative in a knowledge society, the state of existing knowledge is crucial for
experts to build more complete knowledge. Investigating knowledge problems, understanding
why existing knowledge falls short in solving them, and advancing the state of knowledge
toward finding solutions to problems are intensive knowledge processes that experts go through
to create knowledge.
Creating and working directly with knowledge is an important ability that individuals and
groups in all sectors of a knowledge society should possess. Educating students for innovation
and knowledge creation is a challenging task and cannot be accomplished in didactic learning
environments (Scardamalia, 2003). Knowledge-building environments were proposed by
Scardamalia and Bereiter (1996) as an alternative environment in which students would work
collaboratively to build knowledge. These environments are designed around the principles of
knowledge-building pedagogy. Epistemic agency, one of the principles, explains the process of
knowing and of creating knowledge through knowledge building. According to this principle,
students as epistemic agents produce knowledge by getting involved in generating and advancing
ideas through collective contributions.
The principle of epistemic agency provides a general understanding of the knowledgecreation process and of its characteristics such as collaborative problem solving, advancement of
knowledge, and collective cognitive responsibility. However, having a general understanding of
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these characteristics and how essential they are for knowledge building is not helpful enough for
practitioners who wish to incorporate them into their designs of instruction. In addition, if
students fail to succeed in any of the characteristics of epistemic agency, it is very difficult for
practitioners to understand the source of the failure and decide what needs to be done next with
the information at hand. Therefore, instructional designers or teachers who are new to the
knowledge-building pedagogy need more detailed information such as actions taken by
epistemic agents in creating knowledge so that they can better design knowledge-building
activities and evaluate implementation results. Actions evident in the practice of knowledge
creation can provide designers with a better idea of the process students go through while
contributing to knowledge advancement. Designers can design activities around the actions,
monitor students during their work on knowledge problems, determine what actions were/were
not taken by students and decide what needs to be primarily taken into account while designing
next activities.
Despite their importance, little is known about patterns of actions that are indicators of
epistemic agency. Damsa and colleagues (2010) explored the group-level actions of two study
groups and proposed the concept of shared epistemic agency. Considering the studies reporting
the role of individual characteristics in group processes (e.g., Barry & Stewart, 1997; Bouchard,
1969; George, 1990), it can be hypothesized that group-level actions, which are indicators of
shared epistemic agency, are triggered by individual-level processes, perceptions, and beliefs.
One way to align the concept of shared epistemic agency with knowledge-building pedagogy is
to link group-level actions indicating shared epistemic agency to the following individual-level
factors which are related to the aforementioned characteristics of epistemic agency introduced
for a knowledge-building framework: self-regulation, approaches to learning, and personal
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epistemological beliefs. In order to establish this link, there is need to know about group-level
actions that emerge in a knowledge-building setting and whether the aforementioned factors
influence individual-level processes in the same setting. One way to understand the role of each
factor in individual-level processes is to examine whether they are influential in predicting
students’ performance in knowledge-building environments.
Shared epistemic agency was explored with college students and has not been
investigated in K-12 settings. Hence, this study seeks to explore what group-level actions
captured by shared epistemic agency emerge in the context of knowledge-building activities of
middle school students, and to investigate the role of individual-level factors (i.e., selfregulation, approaches to learning, and personal epistemological beliefs) in predicting students’
performance in knowledge building. Examining how the aforementioned individual-level factors
influence the emergence of group-level actions is beyond the scope of the present study. Results
of the study, however, did shed light on whether or not a causal link between group-level actions
captured by shared epistemic agency and the individual-level factors under investigation was
worth further investigation and analysis. A case study approach was adopted to address the
following research questions:
1. What actions indicative of shared epistemic agency are evident in middle school students’
knowledge-building activities?
2. Are the following individual-level constructs influential in predicting middle school
students’ performance in knowledge-building activities: self-regulation, approaches to
learning, and personal epistemological beliefs?
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Chapter 3
Methods
This study intended to explore shared epistemic agency that emerged in the context of
knowledge-building activities of middle school students, and to understand whether individuallevel factors (i.e., self-regulation, approaches to learning, and personal epistemological beliefs)
were influential in predicting students’ performance in the same context. A case study approach
was adopted to address the following research questions:
1. What actions indicative of shared epistemic agency are evident in middle school students’
knowledge-building activities?
2. Are the following individual-level constructs influential in predicting middle school
students’ performance in knowledge-building activities: self-regulation, approaches to
learning, and personal epistemological beliefs?
Case study methodology is appropriate when investigating a phenomenon within its reallife context (Yin, 2003); examining a setting, a single document or one particular event in detail
(Stake, 1995); and exploring one or more cases within a bounded system (Cresswell, 2007). The
exploratory nature of case study research made it a suitable method for this study since it was
aimed at exploring epistemic agency in middle school students’ knowledge-building activities. In
addition to its exploratory nature, the boundedness of the research site and participants was
another aspect of case study research that made this approach appropriate for this study.
According to Salkind (2010), “An entity is naturally bounded if the participants have come
together by their own means for their own purposes having nothing to do with the research” (p.
116). Since the present study was conducted with a group of students from the same school, and
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epistemic agency was explored while they performed problem-solving activities in their own
classroom, the phenomenon of interest to the present study was bounded in the context where the
study was conducted. For the purpose of this study, a case was defined as the activities and the
products of one group of students throughout a semester.
Stake (1995) categorized case studies into two groups in terms of the researcher’s
motivation for conducting the study: intrinsic case study and instrumental case study. By
intrinsic case study he referred to studies that investigate a particular situation for its own sake,
not for learning about other cases. On the other hand, instrumental case study involves using a
case study to gain insights into a particular phenomenon or some general problem by making indepth investigation of one or more particular situations. In the present study, I assumed the
applicability of the indicators of shared epistemic agency identified by Damsa et al. (2010) into
the case of interest in this study and formulated the first research question based on the
expectation that these indicators could be directly observed. Framing questions in terms of what
can be directly observed represents an instrumentalist approach to research questions (Maxwell,
2013). From this perspective, this study can be classified as an instrumental case study.
Instrumental case study does not allow generalization in a statistical sense (Grandy,
2009); however, it does permit generalizing study findings to other situations by identifying
patterns and themes and comparing these with other cases (i.e., analytical generalization; Yin,
2003). Since the present study attempted to understand whether the indicators of shared
epistemic agency identified in Damsa et al.’s (2010) study were evident in middle school
students’ knowledge-building activities, it provided an opportunity for me to explore possibilities
of generalizing the study findings to the case investigated by Damsa et al. (2010) through
analytical generalization.
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This study involves two units of analysis. The main unit is a group of four students as a
whole, and the smallest unit is each individual member of the group. For the first research
question, the unit of analysis was defined as group of four students, whereas the unit of analysis
for the second research question was defined as individual members of the group. Four groups of
four students were selected for qualitative investigation. Since the groups and their members are
embedded units, a multiple-case embedded research design (Yin, 2003) was adopted to address
the research questions.
3.1 Site and Participant Selection
Both convenience and purposive sampling strategies were used in the study. Convenience
sampling is used in exploratory case study research when researchers simply select the sample
based on the researchers’ relative ease of access (Cohen, Manion, & Morrison, 2007). The
research site was selected from those that I had easy access to. The research site is a private
middle school serving students in grades 6-8. This study was conducted with 60 sixth graders in
three classrooms. Five groups of four students were formed for the study in each classroom.
While composing the groups, the following characteristics of students were considered:
Academic achievement (high versus low achievers), technology literacy skill (basic or advanced
technology literacy skill), and personality (extraverts versus introverts). Since the teachers in the
site knew the students better than I did, decisions related to forming groups were left up to them.
The teachers created heterogeneous student groups taking the previously mentioned
characteristics into account to make sure that every group consisted of one student who had high
advanced technology literacy skill, one student who was high achiever, and one student who was
an extravert. The thoughts behind this group formation strategy were: (1) students with high
advanced technology literacy skill could help groups complete activities in the computer-
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supported collaborative learning environment used in this study and use various computer-based
and /or web-based applications such as SurveyMonkey to support their data collection process,
(2) students who demonstrated higher academic achievements could keep the groups on track
toward solving knowledge problems, and (3) students who were extraverts could initiate group
discussions.
Quantitative data were collected from all participants. Qualitative data, however, were
collected only from three groups in each classroom because of classroom size and technical
features of the video camera used in the study. From the place where the camera was positioned,
the person in charge of videotaping the classroom was able to record only three groups because
of the camera’s focal length. Groups to be videotaped were chosen randomly by the teachers.
Stated differently, this study was conducted in three classrooms with 15 groups of four students,
but only nine groups were videotaped and audiotaped.
At the end of the study, purposive sampling was used to choose participants from the
site. The primary concern of purposive sampling is to acquire in-depth information from the
sample (Cohen et al., 2007). In qualitative research, specifically, purposive sampling is generally
used to select information-rich cases to develop a better understanding of the phenomena of
interest to the study. In the present study, all recordings were reviewed to detect what recordings
of group conversations/discussions were complete and could be analyzed. For example, students
in some of the groups were speaking very softly; therefore, what they were talking about was not
clear in the recordings. Thus, data from those groups were excluded from data analysis. In
addition, some of the groups did not discuss project topics; they generally talked off-topic. Since
the data from these groups were not worth being analyzed, they were excluded as well. As a
result, out of nine groups, data from four groups were considered useful for data analyses.
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3.2 Data Collection and Procedure
Case study research involves in-depth data collection with multiple forms of data such as
in-depth interviews, observations, audiovisual material, documents, oral histories, and situation
analysis (Creswell, 2007) for gathering rich, detailed, and in-depth information (Gerring, 2007).
In this study, data were collected from multiple sources in order to provide a detailed description
of the case. Data collected for each case included: records of student participation in classroom
and in the virtual space, student-created artifacts, non-participant observations, and self-report
data obtained from students. An interdisciplinary project was implemented over seven weeks in
the study.
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NOTE: Each activity cycle covers generating ideas, collecting data to test ideas, comparing most
current ideas to previous ones, and making changes/modifications for the next activity. Numbers on
the left represent the sequence of important steps in the project. They do not represent the weeks or
activities of the project.

Figure 1. Project Implementation and Data Collection Process

Figure 1 shows the project implementation and data collection processes of this study.
Before participants started the project, Likert-type questionnaires were distributed to gather
information on participants’ self-regulation skills, approaches to learning, and personal
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epistemologies. Three Likert-type self-report instruments were used to collect data from the
participants. These instruments are the Learning Approaches Questionnaire (see Section 3.3.2.2),
Epistemological Beliefs Questionnaire (see Section 3.3.2.3) and Self-Regulation Questionnaire
(see Section 3.3.2.4). These questionnaires were redistributed toward the end of the study to
understand whether the factors measured by the questionnaires changed over time during the
implementation of the project.
After the questionnaires were administered, the following knowledge problem was
presented to the participants:
A student who was suffering from influenza started to take the antibiotics his mother gave
him. But in the end he did not recover from his illness. What could be the reason?
Students were then asked to generate their initial ideas to explain why the medicine taken by the
student did not help him recover from influenza. After students came up with some ideas, a
physician was invited to the classroom so that she could provide students with information on
antibiotics and their usage. Following the physician’s presentation, students were asked to write
their first reflective journals and publish them on their personal blogs. To support their journal
writing, students were asked to address the following questions: What have you learned from the
physician’s presentation? Among the things that you have learned from the presentation, what
can be used to explain why antibiotics were unable to cure diseases? Does the new information
you have learned lead you to change or improve your idea? Finally, student ideas presented in
their online journals were compared with their initial ideas to assess the level of idea
improvement.
The procedure of generating ideas, collecting data to test ideas, writing online journals,
comparing current ideas to previous ones, and making changes or modifications to the next
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activity repeated until the end of the semester when the project was implemented (see Table 3 for
activity details and group progress on the activities).
Class observations included videotaped observations. I was not present in the site during
the implementation of the study. All activity sessions in the classrooms were videotaped and
video recordings were sent by the teachers to the researcher after each activity.
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Table 3
Activity details and groups’ progresses
Activity

Description of the Activity

 Problem was introduced to the class, and then
groups were asked to come up with their initial
ideas on why antibiotics started not helping treating
diseases.

Group 1

Group 2

Group 3

Group 4

Initial Idea: People
might not use
antibiotics because of
their taste

Initial Idea: Ingredients of
antibiotics might have
changed over time.

Initial Idea: Hygiene
conditions of the places
where antibiotics are
manufactured might
have caused the
problem.

Initial Idea: Hygiene
conditions of the places
where antibiotics are
manufactured might have
caused the problem.

3

 Students were asked to interpret data obtained in
the second activity and decide if their interpretation
of the data leads to a different or more inclusive
idea on why antibiotics started not helping treating
diseases.

Most Current Idea:
Antibiotics no longer
work in people
because of misuse of
antibiotics.

Most Current Idea:
Antibiotics no longer
work because of our
careless misuses of
antibiotics.

Most Current Idea:
Antibiotics no longer work
because people misuse them.

4

 Groups were asked to discuss and make a decision
on how to test their recent ideas.
 Once they decided how to test their ideas, they
shared their testing method with the other groups.

5

Most Current Idea: After
conducting the
questionnaire, our idea did
not change, but improved.
We think that misuse of
antibiotics and taking
inappropriate dosage of
antibiotics are the reasons
of why they no longer work.

Group 3 decided to
conduct questionnaire
in order to reach
pharmacists in their
town.

Group 4 decided to conduct
questionnaire in order to
reach people in their near
circle.

 Groups constructed the questionnaire by generating
questions and writing instructions to be followed by
participants in answering the questions.
 Groups distributed the questionnaire to people in
their near circle or pharmacists, and collected them
back.
 Groups converted collected data to a visual
representation so that they could better interpret the
data.

Group 1 decided to
conduct
questionnaire in order
to reach people in
their near circle.

Most Current Idea:
Antibiotics might have been
used for diseases caused by
viruses and so people might
have thought that antibiotics
did not work.
Group 2 decided to conduct
questionnaire in order to
reach people in their near
circle.

Most Current Idea: At
the end of this activity
we learned that all
groups’ ideas are nearly
the same. Therefore,
even after examining
other groups’ ideas, we
did not change our idea
because the conclusion
all groups reached is

1

2

 Each group was asked to post their initial idea.

 To give groups an alternative perspective and help
them base their ideas on scientific facts, a medical
doctor was invited to the class to speak about what
drugs are effective in treating what types of
diseases.

Data on disease and type of drugs used to treat
diseases were obtained by the groups

Most Current Idea:
People are not taking
a full course of
antibiotics as
prescribed by
doctors. This means
the problem is still
misuse of antibiotics.

Most Current Idea: As a
result of the questionnaire
we conducted with people in
our near circle and of the
questionnaire conducted by
another group with
pharmacists, we came to the
following conclusion: The
reason of why antibiotics no
longer works in people is
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 Groups shared their findings with other groups.
 Groups interpreted the findings and decided if they
had to revise or improve their idea in the light of
the findings.

6

7

8

improper use of
antibiotics.

their misuse because of
people’s lack of knowledge
of antibiotics.
Group 4 decided to test their
idea by conducting a
questionnaire targeting
pharmacists in their town.

Group 4 decided to interview
doctors.

 Groups were asked to discuss and make a decision
on how to test their recent ideas.
 Groups shared their testing method with other
groups.
 Groups went over other groups’ testing methods.
Some of them decided to change their testing
method and go with another group’s suggestion.

Group 1 decided to
test their idea by
conducting a
questionnaire
targeting pharmacists
in their town.

Group 2 decided to test
their idea by conducting a
questionnaire targeting
pharmacists in their town.

 Group 1, group 2, and group 4 constructed the
questionnaire by generating questions and writing
instructions to be followed by pharmacists in
answering the questions.
 Group 1, group 2, and group 4 used Survey
Monkey to distribute the questionnaire to
pharmacists, and collected them back.
 Group 3 obtained yearly antibiotic consumption
statistics of their city from a pharmaceutical
warehouse and then compare them with those of
European countries.
 Groups shared their findings with other groups.
 Groups interpreted new findings and decided if they
had to revise or improve their recent idea in the
light of new findings.
 Groups were encouraged to go over other groups’
ideas and decide if there was a better, more
inclusive idea. If there was, they were encouraged
to work and build on that idea.

Most Current Idea:
Before the activity,
we as group were
thinking of misuse of
antibiotics as a
reason of “why
antibiotics no longer
work in people.”
When we reviewed
the results of another
group’s work, we
learned that
1,881,600 boxes of
antibiotics were sold
in our city. This
number is too high
and supports the idea
of people’s misuse of
antibiotics.

Most Current Idea: Our idea
was the misuse use of
activities. We learned from
another group that
1,881,600 boxes of
antibiotics were taken from
pharmacies in our city
between 2013 and 2014.
This supported our idea.

Group 3 decided to
contact a
pharmaceutical
warehouse to obtain
yearly antibiotic
consumption statistics
of their city and
compare them with
consumption statistics
of European countries.
Most Current Idea. In
our city, 1,881,600
boxes of antibiotics
were sold in a year.
This means average of
about 5-6 boxes per
person were consumed.
This shows that people
are not conscious.

Group 2 decided to
interview doctors.

Group 3 decided to
interview doctors.

 Groups were asked to discuss and make a decision
on how to test their recent ideas.
 Groups shared their testing method with other
groups.
 Groups went over other groups’ testing methods.

Group 1 decided to
interview doctors.

Most Current Idea: As a
result of the questionnaire
we conducted with
pharmacists, we came to the
following conclusion:
Antibiotics no longer work
in people because they are
overused and misused such
as taking inappropriate
dosage of antibiotics, and
using them without
prescriptions.
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 Groups were encouraged to comment on other
group’s ideas and testing methods
 Groups were asked to read comments made by
other groups to their idea and testing method, and to
evaluate their idea and testing method taking the
comments into account.

9

 Groups worked on the questions to be asked to
physicians during interviews.
 Groups conducted interviews with physicians.
 Groups interpreted new findings and decided if they
had to revise or improve their recent idea in the
light of new findings.

Most Current Idea:
After talking to the
doctors, our idea has
changed. Our new
idea is: Bacteria
develops immunity
against antibiotics.

Most Current Idea: Our first
idea was the misuse of
antibiotics. After speaking
with the doctors, our idea
has improved. Our new idea
is: Improper use of
antibiotics, not paying
attention to their dosage
causes bacteria to mutate,
and so antibiotics no longer
work.

Most Current Idea:
Before speaking with
the doctors, we were
thinking that antibiotics
no longer work because
of overuse and misuse
of them. Our new idea
is: Bacteria develops
immunity against
antibiotics because of
improper use of
antibiotics.

Most Current Idea: Our idea
has improved. Bacteria
develops immunity against
antibiotics because overuse
and misuse of antibiotics.
This is the reason why
antibiotics no longer work.
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Videotaping the classrooms was not sufficient for capturing discussions that took place in
the groups. This limitation of videotaping was handled with audio recordings of group
discussions. Audio recordings of group discussions were taken during each activity session and
sent to me along with video recordings. I reviewed all recordings in a timely manner to see how
activities unfolded in the classrooms and provided immediate feedback to the teachers so that
they could implement the next activities without repeating problems that occurred in previous
activity sessions.
In addition to videotaped observations, student participation in a virtual learning platform
was monitored. Throughout the project the web-based inquiry science environment (WISE) was
used to enhance collaboration among group members as well as foster exploration and science
inquiry. WISE provided me with an opportunity to view student work online in real-time. With
the help of the WISE Classroom Monitor tool, I was able to quickly assess the progress of each
group and determine what types of intervention (individualized or class-wide) were necessary.
3.3 Roles of the Researcher and Teachers
As the researcher, I worked with the teachers at the site while designing and
implementing the project. In the design phase, I helped the teachers develop the project in line
with knowledge-building pedagogy. I was not on site during the implementation of the project. I
managed the project online with the help of the WISE Classroom Monitor tool and EDMODO, a
K-12 social learning community. EDMODO was the main channel for me to communicate with
the teachers and share files effectively using its application for mobile devices.
The teachers implemented the project on-site following my directions. Since the teachers
contributed to the design of the project, they had enough information to implement the project
independently. However, to ensure that the activities were well in line with knowledge-building
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pedagogy, I oversaw the implementation process and provided feedback to the teachers as
needed.
3.4 Knowledge-Building Framework and WISE
Students at the site were actively using WISE for other projects in the school at the time
the research was being conducted. Since the school administration did not want the students to
use different platforms for different projects at the same time, some modifications were made to
the project to create a knowledge-building environment with the help of WISE. In order to
develop a project in WISE, designers need to first decide what activities will be included in the
project. Then, activity steps for each activity are created. All instructions and learning activities
are provided through activity steps. Steps are displayed on student profiles in the order they
appear in the WISE authoring tool, and students are expected to follow them in the same order
(Figure 2). Therefore most of the inquiry-based projects developed and housed in WISE include
pre-determined activity steps; they are very structured (see Figure 3 for examples). However,
structured inquiry-based learning projects do not work well in knowledge-building
environments. This is because designers or teachers might need to provide personalized
scaffolding to each group throughout the project and also they might have to make continuous
modifications to project activities while implementing the project to ensure that idea diversity
and idea improvement take place in groups. In the current study, the project was not fully
developed in WISE before the study. Only the first two activities were completely created, and
all groups worked on them at the same time. At the end of the second activity, groups were
encouraged to make their own decisions regarding what would be done in the third activity.
Beginning with the second activity through the end of the project, after each activity I reviewed
group decisions related to what would be done next, and then created the next activity along with
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its steps in WISE, while considering group decisions. For example, in the fourth activity,
Group 1 decided to implement a questionnaire in order to reach people in their near circle. In
order for the group to construct a questionnaire in WISE, the questionnaire tool was used to
create the fifth activity. In the next class, students logged into WISE, and started working on the
questionnaire.

Figure 2. Screenshot of WISE Authoring Tool and of WISE student view
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Figure 3. Example WISE projects
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In addition to group decisions, learning activities in the project were inspired by
knowledge-building principles. Table 4 shows practices in the project that supported knowledgebuilding principles.
Table 4
Practices supporting knowledge-building principles
Practices Supporting the Principle
KnowledgeBuilding Principle
Real ideas and
authentic problems

Improvable ideas

Idea diversity

Rise above
Community
knowledge,
collective
responsibility

The problem used in the project was “why antibiotics started not helping
treating diseases.” This problem was selected to contribute to the efforts
of World Health Organization to increase awareness of global antibiotic
resistance and encourage the best practices among the general public.
Since the global antibiotic resistance is a real issue that affects all
students and their peers around the world, the project problem gives
them a cause to think about an authentic problem.
The project was designed in a way to encourage students to go through
the cycle of generating, testing, and changing or modifying ideas in
order to solve the problem. After each cycle, students were encouraged
to think about the difference between their initial and final ideas, which
helped them see how their ideas changed or improved over time.

Students were free to come up with any ideas that could provide a
solution to the problem. They were able to see other groups’ ideas and
capitalize on them to make their own ideas better. Students also had the
opportunity to stop working on the ideas they proposed, and start
building on another group’s idea.
Groups went through the cycle of generating, testing, and changing or
modifying ideas four times. In each cycle, they worked towards more
inclusive explanations regarding solutions of the problem.

All groups collectively work on the problem, shared their own ideas and
research findings with other groups in order to provide them with
alternative perspectives. Groups were able to benefit from other groups’
ideas and research findings to make their solutions strong. The ability to
share ideas, new information and findings with other groups, and to
capitalized on other groups’ ideas and research findings contributed to
knowledge advancement.
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Democratizing
knowledge
Symmetric
knowledge
advancement

Pervasive
knowledge building
Constructive uses
of authoritative
sources

Epistemic Agency

All students, regardless of their gender, academic achievement,
ethnicity, socio-economic status of their families, and so on, were able
to take part in knowledge advancement.

All groups in a classroom were able to access works of groups in other
classrooms. When groups entered their ideas, research findings or new
information they reached into their group area in WISE, their entries
were automatically available to all other groups regardless of which
classroom they were from. This feature of WISE supported knowledge
exchange within and between the classrooms.
The project was not restricted to a particular subject. It was an
interdisciplinary project bringing different subjects together around a
problem.

The project was designed in a way for students to use authoritative
sources in order to be aware of present state of knowledge related to the
project problem. When students obtained new information from
authoritative sources such as pharmacists and physicians, they were
asked to consult other sources or conduct research to justify the
information. Use of authoritative sources were encouraged, especially to
put students on a right path toward solving the problem. Capitalizing on
authoritative sources was helpful, but not enough to solve the knowledge
problem.
Students directly involved in generating and advancing ideas through
collective contributions.

While implementing learning activities, students were provided the following probing
questions as scaffolds in WISE to guide them through the process of generating, testing, and
changing or modifying ideas: What is your group’s idea? How will you collect data to test your
group’s idea? What data collection method would be the best to gather the data you need? What
is new information you obtained? Does the new information lead to improvement or revision of
your group’s idea? What are strengths and weaknesses of your group’s idea? These scaffolds
were used in learning activities by the teachers to provide procedural facilitation and their use
was not optional. Similarly, scaffolds in Knowledge Forum (KF) were originally designed to
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provide procedural facilitation (Scardamalia, 2004). Their use, however, was completely optional
and they were designed in the form of sentence starters such as “I need to understand,” “my
theory,” “new information,” “this theory cannot explain,” and “putting our knowledge together.”
These scaffolds are built-in to KF and available to any student using New Note tool to create a
new note. New Note, Rise-Above Note and Build-On Note are the main tools of KF that are used
for idea generation and idea improvement. Since there are no such tools available in WISE, some
tools of WISE were used to generate and improve ideas.
New Note tool is mainly used by users to explain what their theory or idea is and what it
cannot explain. Brainstorming Discussion and Idea Basket tools of WISE were used for these
tasks in this study. New Note is also used to present new information. This task was completed
with the help of Display Page tool of WISE in the study.
Rise-Above Note tool is utilized to create a new idea that provides a higher level
explanation while preserving the value of opposing or divergent ideas. In the current study,
groups were encouraged to rise above their earlier work with the help of Explanation Builder
tool of WISE. Groups used this tool to formulate higher level ideas or explanations considering
the ideas or evidences they had added to their idea basket.
Build-On Note tool is used by students to build on other students’ notes in order to share
a related idea or add value to the original note. In this study, Brainstorm Discussion tool of
WISE was used by groups to share their written explanations and feedback with other groups.
Table 5 presents the KF tools and their corresponding WISE tools that were used to generate
ideas, rise above earlier ideas and build on others’ ideas.
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Table 5
Knowledge Forum and WISE tools
Knowledge Forum (KF)
KF Tool
Its Use in KF
Students use the tool to
 explain what they need to
understand

New Note



explain what their theory (or
idea) is



explain what a theory (or idea)
cannot explain


RiseAbove
Note
Build-On
Note

Present new information

Students use the tool to rise above
earlier work in order to formulate
higher level ideas.
Students use the tool to build on
other students’ note in order to share
a related idea or add value to the
original note.

WISE Tool

WISE
Its Use in the Project

Brainstorm Discussion This tool was used by groups to discuss on what
Tool
they needed to understand the problem they
(see Figure 4)
worked on and what types of investigations would
be conducted so that they could provide an
explanation for the problem.
Idea Basket
This tool was used by groups to put together all
(see Figure 4)
ideas related to the problem they worked on.
Brainstorm Discussion This tool was used by groups to share their ideas
Tool
with other groups.
Brainstorm Discussion Groups used this tool to access other groups’ ideas
Tool
and comment on what those ideas can or cannot
explain.
Display Page Tool
This tool was used by groups to share their
(see Figure 5)
research findings and new information with other
groups.
Explanation Builder
This tool was used by groups to go through the
(see Figure 5)
ideas in their idea basket, and relate them to each
other in order to make more inclusive or higher
level explanations regarding the problem
Brainstorm Discussion Groups used this tool to share their written
Tool
explanations and feedback with other groups.
They were encouraged to elaborate and build on
one another’s ideas.
Table Tool
This tool was used by groups to enter their
(see Figure 6)
research finding into WISE while collecting data.
Questionnaire Tool
This tool was used by groups to enter data to the
(see Figure 6)
system during data collection.
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Idea Basket Tool

Brainstorm Discussion Tool

Figure 4. Screenshots of WISE tools: Idea basket tool and brainstorm discussion tool
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Explanation Builder Tool

Display Page Tool

Figure 5. Screenshots of WISE tools: Explanation builder tool and idea basket tool
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Table Tool

Questionnaire Tool

Figure 6. Screenshots of WISE tools: Table tool and questionnaire tool

50
3.3 Data Analysis
Data collected from audio recordings of group discussions, videotaped observations, selfreport questionnaires, written documents, and group work in WISE were the basis of data
analysis for each case to answer the research questions. Table 6 illustrates the research questions
and the matching data sources used to answer the questions. The following sections describe the
analysis of the data sources in the following order: verbal data, observation data, documents, and
self-report data.
Table 6
Data Matrix

Research Question

1. What actions indicative of shared epistemic agency are evident
in middle school students’ knowledge-building activities?
2. Are the following constructs related to individual-level
processes influential in predicting middle school students’
performance in knowledge-building activities: self-regulation,
approaches to learning, and personal epistemological beliefs?

Data Source

Videotaped observations
Audio recordings

Reflective journals
Self-report questionnaires

3.3.1 Analysis of Data for Q1
Audio recordings of group discussions and videotaped observations are the data sources
used to answer the first research question. Before the analyses, the complete recordings of group
discussions were transcribed verbatim. The method of analyzing verbal data in this study was
largely informed by grounded theory analysis (Strauss & Corbin, 1990).
The grounded theory approach was developed by Glaser and Strauss (1967) with the
intention to construct abstract theoretical explanations of social processes. Grounded theory is a
qualitative research method that looks systematically at qualitative data to develop inductively
derived grounded theory about a phenomenon (Strauss & Corbin, 1990). The phenomenon under
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question is investigated through processes, which are assumed as fundamental to human
existence (Charmaz, 2014). To capture the process, the analytically evolving nature of
actions/interactions in the form of events, doings, and happenings is shown by examining
whether actions/interactions change, stay the same, or regress (Strauss & Corbin, 1990). Thus,
the construction of action is the central problem to address in grounded theory (Charmaz, 2014).
In the original grounded theory texts (e.g., Glaser & Strauss, 1967; Strauss & Corbin,
1990), Glaser and Strauss talk about discovery of theory through systematic analysis of data,
which is separate from the scientific observer. Grounded theory is considered a scientific method
because its procedures are designed to meet the criteria or assumptions of doing good science:
Generalizability, re-productivity, precision, and verification (Strauss & Corbin, 1990).
Accumulation of generalizable knowledge, objectivity, and replication of research are the
assumptions of positivist paradigm that influenced the earlier versions of grounded theory. In the
1990s, grounded theory began receiving criticism because of its adherence to positivist
epistemology. As opposed to objectivist grounded theory, which puts discovery forward,
Charmaz (2006) proposed its constructivist version that brought subjectivity and relativity to the
discussion. The constructivist perspective endorses construction of reality, rather than discovery,
by bringing forward the researcher’s involvement in the construction and interpretation of data
(Charmaz, 2014).
Assuming that reality is constructed—not discovered—and differs from context to
context, it can be concluded that actions constructed in one context are expected to be different
from those constructed in another context, even though they are related to the same phenomena.
With this idea in mind, the procedure explained below was followed to collect and analyze the
data. Multiple readings of the transcripts were carried out in order to categorize the data into
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discrete episodes including incidents, ideas, events, and actions with respect to the following
characteristics of epistemic agency in knowledge building: knowledge creation, idea
improvement, collaborative problem solving, and collective cognitive responsibility (initial
coding). In this initial phase, segments of the data related to the characteristics of epistemic
agency were detected. To see actions in each segment of the data, line-by-line coding, which
means naming each line of the written data (Glaser, 1978), was conducted. The first step in lineby-line coding was to name each line with a code. The second step was to select the most telling
codes gained through line-by-line coding (see Table 7 for examples of line-by-line coding).
While trying to detect actions and name them, I tried to remain open to see what I could learn
from the data and where they could take me instead of applying pre-existing categories to the
data. However, since I was aware of the actions emerged in Damsa et al.’s (2010) study before
analyzing the data, it was not possible for me to conduct initial coding without having
preconceived actions in mind. I made efforts to examine how my background influenced the way
I saw the data. Some of the codes I used to name actions, such as idea generation, collecting
information, sharing ideas, and revising ideas, are similar to the codes used by Damsa et al.
(2010), which means that my knowledge on shared epistemic agency seems to have influenced
the way I saw the data.
The second phase in coding was focused coding. After initial codes had been constructed,
comparisons were made with and between the initial codes to decide what initial codes make the
most analytic sense and have more significance than other codes. While attributing a level of
significance to the codes, I tried to see how well the initial codes accounted for the data, and
looked for what the codes implied as well as what they revealed, as suggested by Charmaz
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(2014). After such comparisons had been made, certain initial codes that had more theoretical
reach, direction, and centrality were selected and used for the nascent analysis (see Table 7). For
example, in the second segments of the data presented in Table 7, the last two codes (i.e.,
“making inference” and “not attributing problem to human misuse”) were not selected during
focused coding. “Making inference” is an important thinking skill that students need to use
effectively to reach conclusions in learning settings, but it is not directly related to the
characteristics of epistemic agency in knowledge building. Similarly, “not attributing problem to
human misuse” does not imply or reveal anything about the characteristics of epistemic agency;
rather, it might be a useful code if one were interested in attribution theory. Thus, these two
codes were not selected. Table 8 presents all focused codes defined after assessing the initial
codes.
Audio recordings of four groups were transcribed and analyzed following the above
procedure. Each group participated in nine different project activities. For each group, the total
length of recordings of nine activities are approximately 7 hours and 20 minutes, which means
approximately 29 hours and 20 minutes of recordings were transcribed verbatim and analyzed.

Table 7
Grounded Theory Initial/Focused Coding Example
Initial Codes
Segments of the written data
(1) Doing activities to resolve
S1: We started this project asking why antibiotics don’t
issues*
work and did a lot of activities to find the reason (1).
We dealt with an important and a popular problem. My
(2) Idea generation
first idea was mutation of antibiotics (2). It hasn’t
(3) idea improvement
changed but improved a lot (3).
(1) Supporting ideas with evidence

S1: Research results support us. People in our city
overuse antibiotics (1).
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(2) Making inference*
(3) Not attributing problem to
human misuse*
(1) Idea generation

(2) Supporting ideas with evidence
(3) Idea generation
(4) Sharing ideas

(5) Collecting information
(6) Making inference*

S2: They hold onto antibiotics in all their illnesses as if
it’s the invention of century which can heal all virus or
bacteria caused illnesses (2). But of course this is not
true.
S3: Right, they seem to have written their own
prescription and then they say why they [antibiotics]
don’t work (3).

S1: I think main reason is the overuse of antibiotics and
assuming ourselves specialists (1). These two cause big
problems. Bacteria mutate due to overuse of them. But
why? The doctor who came to our school gave us the
answer. Some substances has an impact on some others
and breaks their structure. The more antibiotics the
more mutated bacteria (2). They are produced only for
known bacteria but mutation of them cause new
bacteria which cannot be cured with these ones. For
new bacteria new antibiotics are needed (3).

S2: Let’s see what we have done so far. First of all we
shared our opinions (4). Then a doctor visited us. He
told about types of immunization and how they are
formed. Then we made a survey to send to pharmacists.
And a pharmacist gave us the number of its use in our
city. We were all astonished 1 881 600 boxes (5).
Despite being a province this much, consider the rest of
the country (6).
S1: Right. What is our final decision?

S3: I think people overuse antibiotics. Then this breaks
bacteria’s’ structure and mutate them. For new bacteria
there is no antibiotics. Then we say why they don’t
work.

S: Student
*Initial codes not selected during focused coding
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Table 8
Focused Codes

Focused Codes

Generating Ideas
Creating joint plan of actions (to test ideas)
Examining / interpreting research data
Revising ideas
Improving ideas
Negotiating a fit between ideas (Negotiating new ideas)
Sharing ideas (with other groups)
Examining ideas (shared by other groups)
Drawing on other groups' ideas
Engaged in shared construction of data collection instruments
Using feedback constructively
Seeking support for ideas (or looking for supporting evidence)
Adjusting the group's current strategy
Collecting additional information
3.3.2 Analysis of Data for Q2
To answer the second research question, both qualitative and quantitative data analyses
were conducted. Students’ online reflective journals were analyzed qualitatively first, and then a
score was assigned to each journal using a coding scheme. After students’ journals were
assessed, students’ responses to Likert-type questionnaires were analyzed along with the scored
journals.
3.3.2.1 Analysis of documents
As explained in Chapter 1, “idea improvement” is the major criterion for evaluating
performance in knowledge building. Students’ online reflective journals were assessed to
understand whether they demonstrated idea improvement in their journals. The qualitative
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content analysis detailed in the following paragraphs was performed to evaluate students’ idea
improvement.
Considering the significant correlation found between students’ efforts to develop
personal ideas and their deep understanding (Zhang & Sun, 2008), depth of understanding was
used as a measure of idea improvement in this study. Recent research showed that an increase in
scientific sophistication and epistemic complexity gives rise to an increase in conceptual
understanding (Chen, Gonzalez, Diaz del Castillo, & Slotta, 2013), which supports the use of
these two concepts in assessing depth of understanding.
The Coding Scheme for Ideas (Zhang et al., 2009) was employed to analyze students’
reflective journals. This analysis looked at whether students’ ideas improved over time by
focusing on distinct ideas regarding antibiotics. Each reflective journal was divided into meaning
units such as sentences and paragraphs containing a distinct idea regarding the knowledge
problem. Each meaning or idea unit was rated in terms of epistemic complexity and scientific
sophistication (see Table 9 for details). To assess epistemic complexity, students’ ideas in their
reflective journals were coded on a 4-point scale (1=unelaborated facts, 2=elaborated facts,
3=unelaborated explanations, and 4=elaborated explanations) that was adapted by Zhang et al.
(2009) from Hakkarainen’s (2003a) work.
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Table 9
Coding Scheme for Ideas in Reflective Journals
Category

Epistemic
complexity
of ideas

Subcategory and Defining
Features

Example

1. Unelaborated fact:
Description of terms,
phenomena, or experiences
without elaboration.

Hospitals spend the most Money on
antibiotics. And 1,881,600 boxes have been
used so far in our city this year.

3. Unelaborated/Partial
explanation: Reasons,
relationships, or mechanisms
mentioned without elaboration.
Content of explanation is
limited or partially articulated.

People use wrong medicine for wrong illnesses
and then claim they don’t work. Virus or
bacteria might mutate but still the reason is
people.

2. Elaborated fact: Elaboration
of terms, phenomena, or
experience.

4. Elaborated explanations:
Reasons, relationships, or
mechanisms elaborated.

Scientific
1. Anti-scientific: Misconception;
sophistication
naïve conceptual framework.
of ideas
2. Hybrid: Misconceptions that
have incorporated scientific
information but show mixed
misconception/scientific
frameworks.

1,881,600 boxes have been used so far in our
city this year. I am really surprised to see how
unconscious we are. Being a province among
30 countries we are the 17th in terms of
antibiotic consumption.

Bacteria mutate due to over use of them. But
why? The doctor who came to our school gave
us the answer. Some substances have an
impact on some others and break their
structure. The more antibiotics the more
mutated bacteria. They are produced only for
known bacteria but mutation of them causes
new bacteria which cannot be cured with these
ones. For new bacteria new antibiotics are
needed.
I still think they don’t work because it is
illegally produced.

I realized antibiotics just work for viral
diseases but not for bacterial ones. Then we
conducted a survey to see what the people
around us think. We found out that most of
them use OTC antibiotics to treat diseases.
These have confirmed my ideas. I saw clearly
that OTC drugs are one of the reasons why
they don’t work.

58
3. Pre-Scientific: Ideas or
explanations are defended, but
not supported with appropriate
evidence.

I thought the reason was over use and OTC
drugs.

5. Scientific: Ideas or
explanations that are consistent
with scientific knowledge.
They are supported with
evidence, articulated, and
elaborated.

We constructed a survey and administered it to
people. According to the results, many people
use OTC drugs. They hold onto antibiotics in
all their illnesses as if it’s the invention of
century which can heal virus or bacteria caused
illnesses. But of course this is not true. They
wrote their own prescription and then they say
why they don’t work. Bacteria mutate due to
overuse of antibiotics. But why? The doctor
who came to our school gave us the answer.
Some substances have an impact on some
others and break their structure. The more
antibiotics the more mutated bacteria. They are
produced only for known bacteria but mutation
of them causes new bacteria which cannot be
cured with these ones.

4. Basically scientific: Ideas or
explanations based on
scientific framework. They are
defended with appropriate
evidence but not articulated,
and elaborated.

After the doctors’ presentation I learned that
they should be used for bacterial illnesses. We
constructed a survey and administered it to
people. We found out that people use wrong
medicine for wrong reason due to OTC use.
Now I believe if people keep on using
antibiotic for everything we will encounter
many different illnesses which will not be
cured in the future.

Scientific sophistication indicates students’ efforts to produce explanations that are
consistent with scientific knowledge (Zhang et al., 2009). A 5-point scale (1=anti-scientific,
2=hybrid, 3=pre-scientific, 4=basically scientific, and 5=scientific) was used to code each idea
unit. This coding was informed by the work of Zhang et al. (2009) and Berland and McNeill
(2010). Students tend to demonstrate scientific sophistication at a certain complexity level. For
example, it is relatively easy to provide a scientific idea at a factual level but harder to produce
explanations and articulation of hidden mechanisms that are consistent with scientific knowledge
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(Zhang et al., 2009). Since there is a link between scientific sophistication and epistemic
complexity, a composite score was calculated by multiplying the two ratings in order to assess
the depth of understanding. For example, an idea rated as 1 (unelaborated fact) and 1 (antiscientific) would have a composite score of 1, whereas an idea rated as 4 (elaborated
explanations) and 5 (scientific) would have a composite score of 20. Finally, students whose
composite scores increased over time were classified as high conceptual progress students,
whereas students whose composite scores decreased or stayed the same or fluctuated over time
were classified as low conceptual progress students.
An inter-rater reliability test was conducted by the researcher and another, independent
person, who both applied the coding scheme to 50% of the online reflective journals that were
randomly selected. A sufficient inter-rater agreement between two independent coders was
achieved (Kappa = .84).
3.3.2.2 Learning Approaches Questionnaire (LAQ)
The Learning Approaches Questionnaire (LAQ) is a 24-item Likert-type instrument (see
Appendix A) originally developed by Cavallo (1996) to assess students’ approaches to learning
ranging from rote to meaningful learning. The questionnaire includes two different dimensions:
Rote Learning measuring the degree of rote learning orientation and Meaningful Learning
measuring the degree to which the learner has intention to understand the learning material by
constructing the meaning of content.
The instrument was adapted and translated into Turkish by Özkan (2008). In this study
the 24-item Turkish version of the instrument was used to collect data. The questionnaire was
designed for students to rate themselves on a five-point Likert scale from “strongly disagree” to
“strongly agree.” The distribution of items across the dimensions is given in Table 10.
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Table 10
Items used to assess each targeted strategy
Dimension

Meaningful Learning
Rote Learning

Items

1, 2, 3, 6, 8, 9, 10, 11, 13, 15, 17, 23, 24
4, 5, 7, 12, 14, 16, 18, 19, 20, 21, 22

In addition to the participants of the study, the questionnaire was administered to 58
students, sixth graders, one semester after the study was conducted in order to have enough
sample size to run confirmatory factor analysis (CFA). In total, 118 responses to the
questionnaire were received.
3.3.2.2.1 Construct Validity of LAQ
The items of the Rote Learning dimension were recoded first so that higher scores in the
Rote Learning dimension represent less rote learning orientation. Then, the data was screened to
detect missing data and outliers. For the data analysis, the 5-point Likert scale used in the
questionnaire is considered to be continuous. This decision is supported by Havlicek and
Peterson (1976). Havlicek and Peterson (1976) conducted a simulation study for normal,
rectangular, and ordinal scales, and concluded that “the Pearson r is rather insensitive to extreme
violations of the basic assumptions of normality and the type of scale used” (p. 1332). This result
was also confirmed by Norman (2010). His observations on real scale data sets including 5-point
scale ordinal data showed that the Pearson correlation is extremely robust with respect to
skewness and nonnormality.
3.3.2.2.1.1 Data Screening

The data was first screened to identify missing values. Out of 118 cases, two missing

values were detected. As suggested by Tabachnick and Fidell (2007), since there only two cases
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having missing value, deleting the whole cases does not distort findings. Therefore, the cases
having the missing value were deleted from the data. The second attempt in screening the data
was to examine the KMO statistic to see whether the correlation matrix is proper for factor
analysis. According to Kaiser (1974), values greater than 0.5 are barely acceptable. Values
between 0.5 and 0.7 are mediocre, values between 0.7 and 0.8 are good, values between 0.8 and
0.9 are great and values above 0.9 are superb (Hutcheson & Sofroniou, 1999). The value for
LAQ questionnaire data is 0.764, which falls into the range of being good, indicating confidence
that the correlation matrix is proper for factor analysis. Third attempt to screen the data involved
checking the univariate and multivariate normality. Table 11 presents univariate summary
statistics and test of multivariate normality statistics.
Table 11
Univariate Summary Statistics for EBQ Items
Item

Mean

I1
I2
I3
I4
I5
I6
I7
I8
I9
I10
I11
I12
I13
I14
I15
I16
I17

3.93
3.93
3.69
4.01
3.02
4.22
3.30
3.50
3.43
3.91
3.68
3.46
4.10
3.96
3.90
3.54
3.71

Std. Deviation
.971
.944
1.086
.895
1.312
.852
1.373
1.164
1.184
.938
1.136
1.164
.855
1.125
.904
1.087
1.099

Skewness

Statistics
-.665
-.987
-.754
-.677
.015
-.956
-.374
-.356
-.410
-.768
-.659
-.573
-.621
-.950
-.792
-.551
-.945

SE

.224
.224
.224
.224
.225
.224
.224
.224
.224
.224
.224
.224
.224
.224
.224
.224
.224

Kurtosis

Statistics
-.225
1.066
.241
-.214
-1.134
.308
-1.077
-.875
-.739
.427
-.293
-.475
-.380
.045
1.037
-.423
.480

SE

.444
.444
.444
.444
.446
.444
.444
.444
.444
.444
.444
.444
.444
.444
.444
.444
.444
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I18
I19
I20
I21
I22
I23
I24

2.52
3.91
1.94
2.68
2.55
3.71
3.50

1.448
1.013
1.198
1.257
1.361
1.115
1.229

.520
-.837
1.218
.382
.494
-.769
-.449

.224
.224
.224
.224
.224
.224
.224

-1.100
.094
.533
-.849
-.958
-.051
-.733

.444
.444
.444
.444
.444
.444
.444

From the univariate statistics provided in Table 12, neither extreme skewness (>3) nor extreme
kurtosis (>10) is detected. However, concern arises when standard score values (skewness or
kurtosis statistic divided by its standard error) are checked. Standard score values of I2, I3, I6,
I10, I14, I15, I17, I19, I20 and I23 for skewness are greater than z=│3.29│ (p<.001, two-tailed
test) (Tabachnick & Fidell, 2007). This result shows the violation of the univariate normality. A
similar conclusion is reached when multivariate normality statistics are examined (see Table
3.8), χ2 =178.768, p=0.000 (<.05) for skewness; χ 2 = 677.731 , p=0.000 (<.05) for kurtosis.
These results show statistical significance for both skewness and kurtosis, which means that the
assumption of multivariate normality is violated.
Table 12
Test of Multivariate Normality for Continuous Variables
Skewness

Value
178.768

ZScore

10.775

Kurtosis

P-Value
0.000

Value
677.731

ZScore
6.585

P-Value
0.000

Skewness and
Kurtosis

Chi-Square P-Value
159.466

0.000

To deal with nonnormality for continuous variables, use of corrected test statistics that
adjust χ2 and SE is suggested. Using corrected model test statistics (i.e., Satorra-Bentler statistic)
with a normal theory method (i.e., maximum likelihood) is a way of dealing with continuous
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nonnormality (Kline, 2011). Taking this suggestion into account, it was decided to use Robust
ML which produces Satorra-Bentler chi-square statistic. To be able to run robust ML, covariance
matrix and asymptotic covariance matrix were analyzed using Lisrel 8.8.
3.3.2.2.1.2 Construct Validity of LAQ
Validity is defined as the degree to which an instrument measures what it is supposed to
measure. To ensure that the dimensions that are the focus of LAQ are measured with the
proposed items, confirmatory factor analysis was conducted. The original 2 factor 24-indicator
model was tested, and the following goodness-of-fit statistics were obtained: RMSEA=0.0644,
CFI=0.907, and SRMR=0.117. Because RMSEA and SRMR are larger than the recommended
values (values <0.06 for RMSEA and <0.08 for SRMR are acceptable), and CFI is less than the
recommended value of 0.95 (values > 0.95 are acceptable), possible ways to improve the model
fit were investigated. According to Stevens (2009), only loadings that are about .40 or greater
can be used for interpretation purposes. Table 13 shows that items with factor loadings less than
.40 are I4, I5, I7, I12, I14, I16, I19, and I24. Since I24 loads on ML with the loading of .342,
which is close to the cutoff value of .40, it can be considered to be marginally acceptable. In
addition, it was also checked whether items have significant factor loadings. Items with absolute
t value greater than 2.0 are considered significant. Table 13 shows that items with absolute t
value less than 2.0 are I4, I5, I14, and I16. Items with non-significant factor loadings are
suggested to be removed from the CFA model.
For a more specific examination of component misfit, the modification indices (MIs)
were investigated. MIs indicate that items I16 and I19 cross-load on ML (MI for I16 12.070 and
MI for I19 26.647). The MI values provided for I16 and I19 could mean that they, in addition to
measuring rote learning, also contribute to the measurement of meaningful learning.
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Table 13
Standardized parameter estimates and t-values for the measurement model
Item
I1
I2
I3
I4
I5
I6
I7
I8
I9
I10
I11
I12
I13
I14
I15
I16
I17
I18
I19
I20
I21
I22
I23
I24

Meaningful Learning (ML)

Factor Loading
0.429
0.718
0.481
0.668
0.403
0.456
0.581
0.534
0.465
0.542
0.567
0.649
0.342

R2

t

0.184
0.516
0.231
0.446
0.163
0.208
0.338
0.285
0.216

4.870
6.826
4.440
6.719
4.389
4.545
5.989
6.291
5.199

0.294
0.321
0.421
0.117

5.432
5.887
8.245
3.318

Rote Learning (RL)

Factor Loading
-0.010
-0.167
-0.227
-0.211
0.154
-0.083
-0.693
0.238
-0.747
-0.680
-0.680
-

R2

0.000
0.028
0.051
0.044
0.023
0.007
0.480
0.057
0.559
0.462
0.462
-

t

-0.098
-1.644
-2.190
-2.095
1.491
-0.803
-9.579
2.151
-7.742
-8.012
-7.668
-

The parameter estimates and modification information presented above led to the
conclusion that items I4, I5, I7, I12, I14, I16, and I19 did not appear to be useful to measure
students’ learning approaches. When the contents of these items were examined, it was noticed
that some of these items do not appear to be measuring students’ approaches to learning such as
I14 (I find topics about real life events more interesting than topics based on scientific
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assumptions). Finding a topic interesting does not seem to be necessarily related to students’
learning orientations (deep learner or surface learner). Both deep and surface learners might
want to learn topics tied to real-life events. Similar interpretation can be made for I7 (I see no
point in learning material which is not likely to be in the examination). Focusing on topics likely
to be in an examination is a strategic decision that both deep and surface learners can make
depending on the situation they are in. On the other hand, when I4, I5, I12, I16, and I19 were
examined and compared to their corresponding items in the original questionnaire, some
translation issues were revealed. Back translations of these items did not come out similar to the
corresponding items in the original version. As a consequence, the CFA model was re-specified
with these items deleted.
Table 14 shows goodness-of-fit statistics obtained for the re-specified confirmation factor
model along with their cutoff criteria.
Table 14
Selected Goodness-of-fit statistics: Re-specified model
Statistic

Root Mean Square Error of Approximation
(RMSEA)
Comparative Fit Index (CFI)
Standardized RMR

Value

Cutoff criterion

0.0309 A value < 0.06 (Byrne, 1998)
0.987

A value > 0.95 (Hu & Bentler, 1999)

0.0742 A value < 0.08 (Hu & Bentler, 1999)

In reviewing the statistics along with their cutoff criterion, the re-specified CFA model
provides a modest fit to the data. In addition to the model fit, investigation of parameter
estimates did not reveal problems with component fit. All factor loadings are statistically
significant (t ≥ 2). Standard errors are proper. R 2 values ranged from 0.117 to 0.564, which
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corresponds to factor loadings ranged from 0.342 to 0.751. The results presented above indicate
that the respecified model (2 factor 17-indicator) better fits the data.
3.3.2.2.2 Reliability of LAQ

The Cronbach Alpha reliability coefficients were calculated to test internal consistency of

the initial measurement model. In the reliability analysis, values greater than .70 are accepted as
satisfactory (Nunnally, 1978). The analysis results show that all Cronbach Alpha values of the
re-specified model, .788 for RL and 0.824 for ML, exceed cut off point (.70). The results are
presented in Table 15.
Table 15
Factor name, model, number of items and Cronbach Alpha reliability coefficients of Factors
Factor Name

Items

Meaningful Learning
(Original Model)

1, 2, 3, 6, 8, 9, 10, 11, 13, 15, 17, 23, 24

Meaningful Learning
(Re-specified Model)

Number of
Items

Cronbach
Alpha

13

0.824

Rote Learning
(Original Model)

4, 5, 7, 12, 14, 16, 18, 19, 20, 21, 22

11

0.635

1, 2, 3, 6, 8, 9, 10, 11, 13, 15, 17, 23, 24

13

0.824

Rote Learning
(Re-specified Model)

18, 20, 21, 22

4

0.788

3.3.2.3 Epistemological Beliefs Questionnaire (EBQ)
The Epistemological Beliefs Questionnaire (EBQ), which consists of 26 items (see
Appendix B), was developed by Conley, Pintrich, Vekiri, and Harrison (2004) in order to
identify elementary school students’ epistemological beliefs along the four core dimensions:
source, certainty, development, and justification. Items were rated on a 5-point Likert scale
(1=strongly disagree; 5=strongly agree). The source dimension reflects beliefs about knowledge
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residing in external authorities. Students with less sophisticated stances on this dimension
believe that knowledge originates and resides in outside authorities and that what scientists and
science books say is certainly true. The certainty dimension is concerned with whether there is
only one answer to problems in science. Students with less sophisticated stances on this
dimension believe that there is only one answer to problems in science and that scientific
knowledge is always true, whereas those with more sophisticated views believe that there may be
more than one answer to problems in science. The development dimension reflects beliefs that
recognize that science is an evolving subject and that theories can change over time. Students
with more sophisticated stances on this dimension recognize the changing and evolving nature of
science. The justification dimension reflects beliefs about the role of experiments and the use of
data to justify arguments. The distribution of items across the dimensions is given in Table 16.
Table 16
Items used to assess each dimension
Dimension
Source

Certainty

Development
Justification

Items

1, 6, 10, 15, 19

2, 7, 12, 16, 20, 23

4, 8, 13, 17, 21, 25

3, 5, 9, 11, 14, 18, 22, 24, 26

The instrument was adapted and translated into Turkish by Özkan (2008). In her study,
three factors instead of the proposed four factors were identified. In the Turkish version, the
development and the justification dimensions were identified as proposed by Conley et al.
(2004). However, all items used for measuring the source and certainty dimensions, except item
2 and item 7, loaded under the same factor which was labelled as Source/Certainty. Item 2 and
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item 7 were removed from the final model by the researcher because of having negative itemtotal correlation.
3.3.2.3.1 Construct Validity of EBQ
To ensure that the dimensions that are the focus of EBQ are measured with the proposed
items, confirmatory factor analysis (CFA) was conducted. For the data analysis, the items of the
Source and Certainty dimensions were recoded first so that higher scores represent more
sophisticated epistemological beliefs. Then, the data was screened to detect missing data and
outliers (see Appendix D for details).
The same procedure explained in section 3.3.2.2.1 was followed to conduct CFA. The
test results show that I7 and I15 cross-load on both development and justification factors, and
that these items have negative SEPC values, which might be related to low factor loadings. Since
SEPC values for cross-loadings are negative (see Table 17), these items were deleted from the
data.
Table 17
Selected Modification Indices and Standardized Expected Change values
Source/Certainty

I7

I15

--

--

MI

Development

20.109
7.740

SEPC

-0.442
-0.221

MI

Justification

24.963
10.431

SEPC

-0.484
-0.221

As a consequence, the CFA model was re-specified with these items deleted. The re-specified
3-factor 24-indicator model was then tested, and the goodness-of-fit statistics presented in Table
18 were obtained.
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Table 18
Selected Goodness-of-fit statistics: Re-specified model (3 factor 24-indicator)
Statistic

Root Mean Square Error of Approximation
(RMSEA)
Comparative Fit Index (CFI)
Standardized RMR

Value

Cutoff criterion

0.011

A value < 0.06 (Byrne, 1998)

0.999

A value > 0.95 (Hu & Bentler, 1999)

0.058

A value < 0.08 (Hu & Bentler, 1999)

In reviewing the statistics along with their cutoff criterion, the re-specified CFA model
fits to the data well. The results presented above indicate that the 3 factor 24-indicator model fits
the data better. A three factor 24-indicator model was selected for further analyses. See
Appendix D for more CFA details.
3.3.2.3.2 Reliability of EBQ
The Cronbach Alpha reliability coefficients were calculated to test internal consistency of the
initial measurement model. In the reliability analysis, values greater than .70 are accepted as
satisfactory (Nunnally, 1978). The analysis results show that all Cronbach Alpha values of the
re-specified model, 0.864 for Source/Certainty, 0.843 for Development, and 0.932 for
Justification, exceed the cutoff point (.70). The results are presented in Table 19.
Table 19
Factor name, model, number of items, and Cronbach Alpha reliability coefficients of Factors
Factor Name

Source/Certainty
Development
Justification

Items

1, 2, 6, 10, 12, 16, 19, 20, 23

4, 8, 13, 17, 21, 25

3, 5, 9, 11, 14, 18, 22, 24, 26

Number of
Items

Cronbach
Alpha

6

0.843

9

9

0.864

0.932
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3.3.2.4 Self-Regulation Questionnaire (SRQ)
Self-regulation questionnaire (SRQ) was used to assess students’ metacognitive selfregulated learning strategies. Items comprising the SRQ were taken from Motivated Strategies
for Learning Questionnaire (MSLQ), which was originally developed by Pintrich, Smith, Garcia,
and McKeachie (1991). MSLQ has 81 items in total and 15 different scales, which can be used
together or singly. For the purpose of the present study, the metacognitive self-regulation scale
consisting of 12 items was utilized (see Appendix C). The Turkish version of the scale that was
translated and adapted by Sungur (2004) was administered in the study. Students rated
themselves on a seven-point Likert scale ranging from “not at all true of me” to “very true of
me.” Sixty (60) students responded to the questionnaire.
3.4.2.4.1 Construct Validity of SRQ
To ensure that items of SRQ contribute well enough to the measurement of students’ selfregulatory learning strategies, CFA was conducted. For the data analysis, the 7-point Likert
scale used in the questionnaire is considered to be continuous (see Section 3.3.2.2.1 for details).
Before running the CFA, the data was screened to detect missing data and outliers. No missing
data and outliers were detected. R2 values between every pair of items were examined. None of
them is greater than .9, and so multicollinearity does not seem to exist in the data. All items
except Item 1 do not have extreme skewness or kurtosis, which means that only Item 1 has
problem meeting the requirement of univariate normality. On the other hand, multivariate
normality statistics indicate that the assumption of multivariate normality is violated, χ2 =38.549,
p=0.000 (<.05) for skewness; χ2 = 153.870, p=0.004 (<.05) for kurtosis. To deal with
nonnormality for continuous variables, robust ML, which produces Satorra-Bentler chi-square
statistic, was used while conducting CFA.
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A 1-factor 12-indicator CFA model was tested. The test results show that the following
items have factor loadings less than 0.4: I1 with factor loading of 0.11 and t value of 0.74, and I8
with factor loading of 0.08 and t value of 1.51. This result indicates I1 and I8 do not make a
significant contribution to the measurement of self-regulated learning strategies. Taking this
finding into account, I1 and I8 were removed from the model. The modified model, 1 factor
10-indicator model, was tested and the factor loadings presented in Table 20 were obtained.
Table 20
Standardized parameter estimates and t-values for the CFA model
Factor Loadings
1 Factor 12-Indicators

Item

Factor
Loading

I1
I2
I3
I4
I5
I6
I7
I8
I9
I10
I11
I12

0.114
-0.586
-0.727
-0.524
-0.700
-0.700
-0.548
0.09
-0.709
-0.727
-0.789
-0.561

R2

0.0130
0.344
0.529
0.274
0.490
0.490
0.300
0.01
0.503
0.528
0.623
0.315

t

0.740
-6.222
-6.996
-4.084
5.981
-6.549
-4.775
1.51
-6.448
-6.910
-7.364
-5.469

Factor Loadings
1 Factor 10-Indicators

Factor
Loading

R2

t

0.587
0.726
0.523
0.698
0.701
0.550

0.345
0.527
0.273
0.487
0.492
0.303

6.250
6.966
4.066
5.945
6.578
4.814

0.710
0.726
0.790
0.562

0.504
0.527
0.623
0.316

6.439
6.902
7.376
5.496

In reviewing of the goodness-of-fit statistics calculated for the final model (see Table 21)
along with their cutoff criterion, it is concluded that 1 factor 10-indicator CFA model fits to the
data well.
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Table 21
Selected Goodness-of-fit statistics: 1 factor 10-indicator CFA model
Statistic

Root Mean Square Error of Approximation
(RMSEA)
Comparative Fit Index (CFI)
Standardized RMR

Value

Cutoff criterion

0.042

A value < 0.06 (Byrne, 1998)

0.992

A value > 0.95 (Hu & Bentler, 1999)

0.069

A value < 0.08 (Hu & Bentler, 1999)

3.4.2.4.2 Reliability of SRQ
Cronbach Alpha reliability coefficients were calculated to test internal consistency of the
initial CFA model (1 factor 12-indicator). Deleting item 1 and item 8 caused an increase in the
value of Cronbach’s Alpha (0.82 and 0.88, respectively), which supports the decision to continue
with the 1 factor 10-indicator CFA model.
3.3.2.5 Analysis of the Effect of the Measured Constructs on Students’ Performance
In order to understand whether the measured constructs of learning were influential on
predicting students’ performance in knowledge building, logistic regression was performed.
Logistic regression is a type of multiple regression that is conducted when the dependent variable
is categorical. In this study, the outcome or dependent variable is student performance, which is
a categorical variable (high conceptual progress versus low conceptual progress). Therefore,
logistic regression can be used to predict student performance based on the aforementioned
constructs, which are continuous predictor variables.
1. In the event that the constructs measured by the questionnaires change over time during
the implementation of the project, this change might have an additional influence on
students’ performance in knowledge building. In this case, using self-report data
collected at the beginning of the study in the analysis might bring about inaccurate
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results. To be able to monitor possible changes that occur over time in any of the
constructs, self-report data were collected two times: at the beginning of the study, and
toward the end of the study. Then, the following steps were taken. The dependent t-test
(i.e., repeated-measures t-test) was conducted to understand whether any changes
occurred over time in any of the constructs under investigation.
2. The qualitative content analysis detailed in Section 3.3.2.1 was performed to evaluate
students’ idea improvement. After the analysis, each student was assigned to one of the
following categories. Low conceptual progress and high conceptual progress.
3. Logistic regression was conducted to understand whether the constructs measured at the
beginning of the study are influential in predicting students’ performance in knowledge
building.
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Chapter 4
Findings
The main purpose of this study was to explore the construct of shared epistemic agency
in the context of knowledge-building activities of middle school students, and to understand
whether individual-level factors (i.e., self-regulation, approaches to learning, and personal
epistemological beliefs) were influential in predicting students’ performance in the knowledgebuilding environment created for the study. An interdisciplinary project was implemented over
seven weeks, and students, in groups of four, worked on a knowledge problem throughout the
study. Data collected from audio recordings of group discussions, videotaped observations, selfreport questionnaires, written documents, and group work in Web-based Inquiry Science
Environment (WISE) were the basis of data analysis to answer the following research questions:
(1) What actions indicative of shared epistemic agency are evident in middle school students’
knowledge-building activities? (2) Are the following individual-level constructs influential in
predicting middle school students’ performance in knowledge-building activities: self-regulation,
approaches to learning, and personal epistemological beliefs? The results of the study are
provided for each research question in the following sections.
4.1 Research Question 1
What actions indicative of shared epistemic agency are evident in middle school students’
knowledge-building activities?

This section presents overall findings of the qualitative data analyzed as well as detailed

analyses of eight excerpts taken from the data collected from groups. Out of 15 groups, nine
groups were recorded; only four were considered useful for data analysis because other
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recordings of group conversations/discussions were not complete and could not be analyzed.
Table 22 provides the profile of the 16 students from the groups that were considered useful for
data analysis. Groups were formed by the teachers in a way that they consisted of one student
who had high technology literacy skill, one student who was high achiever, and one student who
was extravert.
Table 22
Profile of the participants
Group
Student
Gender Achievement Status
Student 1
F
LA
Student 2
F
MA
1
Student 3
M
MA
Student 4
M
HA
Student 5
F
LA
Student 6
F
MA
2
Student 7
M
HA
Student 8
M
MA
Student 9
M
MA
Student 10
F
HA
3
Student 11
F
LA
Student 12
M
MA
Student 13
M
LA
Student 14
M
HA
4
Student 15
F
HA
Student 16
F
MA
F: Female, M: Male
LA: Low Achiever, MA: Moderate Achiever, HA: High Achiever
I: Introvert, E: Extravert

Personality Trait
I
E
E
I
I
E
I
E
E
E
I
I
E
I
E
I

The analysis identified two categories of actions: (1) Epistemic (knowledge-related)
actions and (2) regulative (process-related) actions. The category of epistemic actions depicts
actions taken with the intent of gathering information to alleviate lack of knowledge and of
creating shared understanding of existing knowledge. Epistemic actions consist of generating
new ideas, negotiating a fit between ideas, sharing ideas, constructing data collection instruments
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to collect additional information, examining and interpreting research data, seeking support for
ideas in the data, revising or improving ideas, drawing on other groups’ ideas, and engaging in
collaborative uptake of ideas. In addition to epistemic actions, the second category of actions
identified in the study is regulative actions. The category of regulative actions designates
process-related actions that are necessary to support the collaborative activity. Only two
regulative actions emerged in the study: creating joint plan of actions, and adjusting the group’s
current strategy. Table 23 presents a full list of actions that emerged in the study. Table 24 shows
the actions that emerged in groups’ knowledge-building activities.
Table 23
Actions indicating shared epistemic agency
Category
Action
Generating new ideas
Negotiating a fit between ideas
Sharing ideas (with other groups)
Revising ideas
Improving ideas
Examining ideas (shared by other groups)
Epistemic
Drawing on other groups’ ideas
Engaging in shared construction of data collection instruments
Collecting additional Information
Examining /interpreting research data
Using feedback constructively
Sharing information (with other groups)
Seeking support for ideas
Creating joint plan of actions (to test ideas)
Regulative
Adjusting the group’s current strategy
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Table 24
Actions emerging in groups’ learning activities
Week
Actions
1
2
3
4

5

6

7

8

Generating ideas
Collecting additional information
Examining research data
Interpreting research data
Revising idea
Creating joint plan of actions
Collecting additional information
Sharing information
Examining research data
Interpreting research data
Adjusting the group’s current strategy
Generating ideas
Negotiating (a fit between) ideas
Sharing ideas (with other groups)
Examining ideas (shared by other groups)
Engaging in shared construction of data
collection instruments
Seeking support for ideas (supporting ideas
with new findings)
Revising ideas
Creating joint plan of actions
Sharing ideas (with other groups)
Collecting additional information
Sharing information
Examining research data
Interpreting research data
Engaging in shared construction of data
collection instruments
Generating ideas
Negotiating (a fit between) ideas
Sharing ideas (with other groups)
Examining ideas (shared by other groups)
Drawing on other groups’ ideas
Using feedback constructively
Seeking support for ideas (supporting ideas
with new findings)
Adjusting the group's current strategy
Creating joint plan of actions

Group 1
√
√
√
√
√
√
√
√
√
√
√

√

√
√
√
√
√
√
√

√
√

Group 2
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√

√
√
√
√
√
√
√
√

√
√
√
√
√
√

√

√
√

Group 3
√
√
√
√
√
√
√
√
√
√

Group 4
√
√
√
√
√
√
√
√
√
√

√

√

√
√

√
√

√

√

√
√
√
√
√
√
√
√
√
√
√
√

√
√
√
√
√
√

√

√
√

√
√

√

78

9

Sharing ideas (with other groups)
Examining ideas (shared by other groups)
Using feedback constructively
Adjusting the group's current strategy
Collecting additional information
Sharing information
Generating ideas
Improving ideas
Engaging in shared construction of data
collection instruments
Examining research data
Seeking support for ideas (supporting ideas
with new findings)

√

√

√
√
√
√
√
√
√
√
√

√
√
√
√
√
√
√
√

√
√
√
√

√

√
√

To better illustrate how epistemic and regulative actions emerged in the study, Group 2’s
journey throughout the project is presented in the following section through eight excerpts taken
from the conversations or discussions that took place in the group’s activities. Since all actions
that emerged in the study are evident in Group 2’s activities, and the excerpts illustrating the
actions taken by Group 2 also represent how these actions emerged in other groups’ activities;
only Group 2’s journey throughout the project is presented to avoid repeating the results.
4.1.1 Activities of Group 2 and Actions Emerging in the Group’s Activities
Similar to other groups, Group 2 went through the cycle of generating, testing, and
changing or modifying ideas four times. In this section, each idea-generation cycle is presented
separately with an introduction that pinpoints the most characteristic actions taken by the group.
The activities performed by Group 2 are briefly explained in each cycle, and then epistemic and
regulative actions emerging in the group’s activities are discussed and interpreted.
4.1.1.1 First Idea-Generation Cycle
The group began the project after the knowledge problem was introduced. Group
members discussed some possible explanations relevant to the source of the problem. In regard
to why antibiotics no longer work in people to treat infections, the group put forth the idea that
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ingredients of antibiotics might have changed over time. To give groups an alternative
perspective and help them base their ideas on scientific facts, a physician was invited to the class
to speak about what drugs are effective in treating what types of diseases. Group members took
notes during the presentation, and then interpreted them to decide if their notes led to a different
or a more inclusive idea. The notes they took during the presentation were basically about some
diseases, their symptoms, whether they are caused by bacteria or viruses, and what diseases are
cured by antibiotics. Considering the notes, they decided to revise their idea and proposed that
antibiotics might have been used for diseases caused by viruses and so people might have
thought that antibiotics did not work.
4.1.1.2 Second Idea-Generation Cycle
After revising the initial idea, group members discussed how to test their most current
idea and decided to use a questionnaire to survey people in their near circle to test it. In the next
activity, they started constructing the questionnaire under the guidance of the literature teacher.
The following excerpt presents the group’s conversation that took place during questionnaire
development.
Episode 1: Action - Engaged in shared construction of data collection instruments
1.1.

Student A:

1.2.

Student C:

1.4.

Student C:

1.3.
1.5.
1.6.
1.7.
1.8.
1.9.

We are going to test our idea and so we should ask questions that help us understand if
they [antibiotics] are used improperly or wrong.
Are they sure that they are suffering from illnesses caused by bacteria?

Student B:

Yes

Student A:

That looks better.

Student D:

I think so, the second question looks better.

Student D:

Is it correct that people in your near circle use antibiotics?

Student C:
Student C:

Are they sure that they use antibiotics for illnesses caused by bacteria?
What do you think [Student C is asking this question to Student D]
No, you did not answer my question. I am wondering a question that crosses your mind.
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1.10.

Student C:

Say it again.

1.12.

Student C:

When you say near circle, do you mean their neighborhood or their apartment complex?

1.14.

Student B:

Yes, we can use this question.

1.16.

Student C:

You are right.

1.18.

Student D:

1.11.

1.13.
1.15.

1.17.

1.19.

Student D:

Student D:
Student A:

No, no. I meant, “Is using antibiotics upon suggestions by others in your near circle a
good idea?”
Right.

Don’t forget that questions should be in YES/NO format. Otherwise, it will be very
difficult for us to analyze them later.

Student B:

How about this? Is taking antibiotics without prescription correct?

Student A:

Me too.

Using antibiotics without prescription might be an example to unconscious use [of
antibiotics]. I like this question, we can use it.

This excerpt shows the strategies used by group members to construct the questionnaire.
Group members made a strategic decision to generate questions in the YES/NO format, which
helped them analyze data easily later (line 1.15). All questions seem to have been proposed in
accordance with the decision (line 1.2, line 1.11, and line 1.17). In addition to this strategy, the
members appear to have used turn-taking strategy to propose questions to be asked in the
questionnaire. When a question was proposed by a member (e.g., line 1.4 and line 1.11),
confirmation from other members was sought regarding the appropriateness of the question (e.g.,
line 1.5 and line 1.14) for another member to take turn proposing a new question. In case of
waiting a long time for someone to join the conversation, one of the members who had already
contributed to the conversation drew the member who had not joined the conversation to propose
a question (line 1.6). In-depth discussions on the appropriateness of proposed questions did not
take place. Instead, other group members’ opinions about the proposed questions were very
simple such as “yes, we can use this question” (line 1.14) and “I like this question, we can use it”
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(line 1.18), which did not result in discussions beyond surface level. This was the common
pattern observed in nearly all instrument-development activities.
Once the questionnaire was developed, the group administered it to collect data from
people in their near circle. Group members turned raw data into graphics to better present the
data and shared them with other groups in WISE. Similarly, group members were able to access
other groups’ data in WISE. They examined the graphs representing their own data along with
those shared by other groups. The following excerpt shows the data examination process.
Episode 2: Action - (Collaboratively/Individually) Examining research data
2.1.

Student A:

2.3.

Student A:

2.5.

Student D:

2.6.

Student A:

2.7.

Student B:

2.8.

Student C:

2.9.

Student D:

2.2.

2.4.

Student B:

Student C:

Let’s began investigating graphs showing the distribution of responses.

Okay, let me start with the third question. Is there anyone in your near circle who uses
antibiotics unnecessarily? 10 people said NO to this question, and 12 people said YES.
This shows people don’t know how antibiotics should be used.
Yes, or they might use them without consulting a doctor.

I am reading the seventh question. This was asked to a pharmacist. Do you give
antibiotics to the patients who come to you without consulting a doctor? 5 people said
YES to this, and 4 people said sometimes.

The ninth question is “Does overuse of antibiotics affect human health negatively?” 22
people said YES to this question, and none of the participants said NO.

I don’t see a question number here, but let me read the question. Have you witnessed
individuals who use antibiotics without prescriptions? 8 people said YES, and 2 people
said NO.

This is the sixth question which was asked to school staff. Have you seen anyone who
use antibiotics for treating the flu? 10 people said YES, and 3 people said NO.
Do you think that the reason why antibiotics no longer work in people who need them
to treat infections is improper use of antibiotics? 21 people said YES to this question,
and 1person said NO.

This was asked to pharmacists. Have you had customers who try to buy antibiotics
without a prescription? 18 YES, and 4 NO.

This excerpt shows that group members used turn-taking strategy to examine research
data. They went through the graphs they had drawn and those submitted by other groups in
WISE. Every group member picked a graph and read it out so that other member could hear and
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get the information presented on the graph. As can be seen in the excerpt, one of the graphs
examined by the group illustrates the number of pharmacists who gave antibiotics without asking
for a prescription (line 2.4). Even though group members did not collect data from pharmacists,
they had access to the graphs representing data collected from pharmacists and used that data
while interpreting research findings. The following excerpt shows how they interpreted the data
collaboratively.
Episode 3: Actions - Interpreting research data / Revising ideas
3.1.
3.2.
3.3.
3.4.
3.5.
3.6.

Action: Interpreting research data - Lines from 3.1 to 3.11
Student C:

Student B:

I learned that people do not use antibiotics properly.

Student D:

I think so

Student A:

Yes, but I think we should not say pharmacists are unconscious because patients
[coming to their store] are unconscious.

Student C:
Student C:

3.7.

Student C:

3.9.

Student A:

3.8.

3.10.

3.11.

3.12.
3.13.
3.14.

I think we should move on to the next step.
Yes

Both pharmacists and patients are not careful.

Yes, but they are too because of giving several antibiotics to patients.

Student D:

And, because of selling antibiotics without prescriptions.

Student C:

This is not good.

Student D:

You are right. But, in fact, there is a conflict here. I read out a question which was
asking whether they know where antibiotics are used. At that question, there was no
NO, all responses were YES, eighteen [responses] were YES, and that was a good
number [result]. But later when a question regarding antibiotic use without
prescription came out, [I learned] most of the people [answering the question] used
antibiotics [without prescriptions]. This looks like very conflicting.

Yes, they [people] even don’t know if they use [antibiotics] properly.

Action: Revising ideas- Lines from 3.12 to 3.26
Student B:

Student A:
Student B:

Alright, I am moving on to the third question “Does this new information make you
change or improve your idea about why antibiotics no longer work in people who need
them to treat infections?” We will answer this question.
I think it results me in changing my idea, because…

New information, we obtained this new information, and learned that people do not
use antibiotics properly. Plus, we observed that they went to pharmacies without
having prescriptions, and even then, that pharmacists gave them antibiotics.
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3.15.

Student C:

They consume antibiotics improperly.

3.17.

Student D:

Yes, we have changed our idea, because…

3.19.

Student D:

3.20.

Student A:

3.21.

Student B:

3.22.

Student A:

3.23.

Student B:

3.24.

Student D:

3.25.

Student B:

3.16.

3.18.

3.26.

Student B:

Student A:

Student A:

Yes, it caused to improper use of antibiotics. That is to say, it makes me change my
idea.
The reason why I changed my idea is, because they go to pharmacists so frequently to
get antibiotics. Since they go to pharmacists too much, they use antibiotics so much,
and so overuse of antibiotics makes them sick.
And, this becomes improper [use] because they go to pharmacies [to get antibiotics]
without prescriptions.
Yes. I think there is a need to make pharmacists aware of not selling antibiotics
without prescriptions.

Let’s move on to the next question “if you want to change your idea in the light of new
information, what is your new idea?”
My new idea, I previously thought infectious diseases developed immunity against
antibiotics, but after I saw widespread improper use [of antibiotics], I think overuse of
antibiotics causes [antibiotics to no longer work in people to treat infectious diseases].

When I first heard the problem, I thought that the problem could be related to the
issues that came out while manufacturing antibiotics. But, later I learned that nothing
has changed with antibiotics so far, and saw that people use them improperly or
unnecessarily. What did you think when you first heard the problem [The question was
directed to Student D].
I thought that antibiotics could be carelessly manufactured. In the light of new
information, I think antibiotics are used improperly.
Alright, what have we concluded at the end?

We have concluded that people use antibiotics unnecessarily or improperly.

The group interpreted the data, and concluded that people used antibiotics without
consulting doctors and that pharmacists contributed to the problem of improper use by selling
antibiotics without asking for prescription. The excerpt illustrates how the group attempted to
use the information shared by another group while interpreting the data. The group’s own data
showed some clues about the self-medication patterns of people in their near circle. The group
successfully linked this pattern to pharmacists’ practices of dispensing antibiotics without
prescription which was revealed by another group (line 3.5, line 3.6, line 3.7, line 3.8, line 3.14,
line 3.19, and line 3.20). The tie established between self-medication by people and antibiotics
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dispensation by pharmacies appears to have helped group members to understand the source of
the problem they worked on (line 3.14), and in turn changed their ideas about the problem (line
3.22, line 3.23, and line 3.24). Group members decided to dismiss their previous ideas and
identified new ideas that were different from the previous ones. For example, Student B had
initially proposed that the problem could be related to the manufacturing process of antibiotics,
but she revised her idea after she, along with other group members, analyzed the research data
and identified widespread improper use of antibiotics (line 3.23). Since there is no connection
between her initial and last ideas, and the last idea was not built upon the initial idea, the idea
change here is called idea revision. All group members’ revised ideas were more sophisticated
than their initial ones because they were able to support their revised ideas or explanations with
appropriate research findings. For example, Student B explicitly mentioned her group’s
observation that pharmacists gave antibiotics to people who did not have prescriptions and how
this observation influenced her decision (line 3.14 and line 3.16).
In the second idea-generation cycle, the epistemic aspect of group’s agency is
characterized by the deliberate attempts to construct a data collection instrument, collect
additional information, examine and interpret research data. The shared aspect of agency
features efforts to engage in shared construction of data collection instruments, share information
or research findings with other groups, collaboratively examine and interpret research data, and
engage in collaborative uptake of ideas.
4.1.1.3 Third Idea-Generation Cycle
In the previous idea-generation cycle, group members agreed on the idea that antibiotics
no longer worked because of their overuse. This idea was tested by the group during the third
idea-generation cycle. The group conducted an experiment to test the idea, and research findings
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were shared with other groups. To conduct the experiment, the group identified appropriate
method and information sources, and constructed data collection instruments. The following
excerpt illustrates how the group created a joint plan of actions to conduct the experiment.
Episode 4: Actions - Creating a joint plan of actions
4.1.

Student A:

Student A: Do we experiment this on an animal?

4.3.

Student D:

An animal suffering from a serious infection. We can cure it. We will try.

4.2.
4.4.
4.5.

Student C:

Student A:
Student B:

4.6.

Student D:

4.8.

Student D:

4.9.

Student A:

4.11.

Student B:

4.7.

4.10.

Student C:

Student C:

4.12.

Student A:

4.14.

Student A:

4.13.
4.15.

Student B:
Teacher:

4.16.

Student B:

4.18.

Student B:

4.17.
4.19.
4.20.
4.21.
4.22.

Student A:
Student C:
Student C:

Student B:
Student C:

It can be.

We might not be able to cure too.

Let’s think this way. There is a cat that is suffering from a serious infection will die
soon. We can cure it using antibiotics.
But, if antibiotics have that power, they should have been used before.

My thought, using antibiotics for curing sick animals should not be a problem because
they will die in any case, even if this drug [antibiotic] does not work. If they had a mind
[similar to human], they would prefer to die instead of living with terminal illness. If I
underwent a serious illness, I would prefer dying.
We could cure a cat suffering from pneumonia, because antibiotics does not work
anyway.
Okay

What should I write then?

Is this correct? In addition, we can distribute a questionnaire.

How are we going to find such an animal? From a veterinarian?
We can find it from a veterinarian.

But, we should get permission from its owner [for it to participate in the research].

Could you please listen to me? [She is speaking to the class] I have just overheard that
one of the groups in the class is planning to conduct an experiment with animals. Since
you do not have license to work on animals, you are not entitled to experiment with
animals. Please consider this while designing your research.
Okay, we can conduct questionnaire.

If we generate questions, we can ask them to people passing streets of our city….
… and, we can further discuss results of the questionnaire with doctors.
Doctors in hospitals.

We can go to the busiest street of the city, and reach out 100 people per group member.
How about Main Avenue?

Alright, yes let’s go to Main Avenue.
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4.23.

Student B:

We cannot make it during week days.

4.25.

Student D:

Is each of us going to access 100 people?

4.24.
4.26.
4.27.
4.28.
4.29.
4.30.
4.31.

Student C:
Student C:

Student B:

Student A:

Student D:
Student C:

Student A:

We should do this over the weekend, not during school days.
No, let’s make it 50.

How about conducting the questionnaire with pharmacists.
Actually, pharmacists would be better.

I agree, we already conducted questionnaire with people in our near circle. Trying to
access 50 people might be tough, and also we could get the same info through
pharmacists because pharmacies are visited by nearly hundreds of people each day.
You are right.

Okay, let’s move on to write questions to be asked.

In planning the research design, the group first attempted to decide which research
method to use. They first considered conducting experiment with animals to test their idea (lines
from 4.1 to 4.14). While the group members were talking about some details of the experiment,
the teacher overheard their conversation and intervened (line 4.15). She reminded the class that
they could not conduct experiment with animals because they did not have a license to do so.
The group took this feedback into account and began focusing on an alternative method to test
their idea. They finally decided to administer a questionnaire and moved on to the next step,
which was to determine the participants for the research (lines from 4.17 to 4.30). Once they
decided to reach out pharmacists, they constructed the questionnaire, administered it to collect
data from pharmacists, and shared their results with other groups. As illustrated in the following
excerpt, the group adopted a different strategy in examining and interpreting the data.
Episode 5: Actions - Seeking support for ideas/Adjusting the group’s current strategy
Action: Seeking support for ideas – Lines from 5.1 to 5.12

5.1.

Student A:

5.2.

Student B:

Let me start with the first question which reads: “Have you given antibiotics to people
with flu?” 4 YES, and 19 NO.

This question falls under “improper use” as well.
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5.3.

Student D:

5.4.

Student B:

5.6.

Student A:

5.5.
5.7.

Student B:
Student B:

Another question. Do you give antibiotics to people who come without consulting
doctors? 4 YES, and 19 NO.
This falls under “improper use.”

Next question. Do you think antibiotics are used excessively? 19 YES.
This supports our idea.

They [pharmacists] think antibiotics are used excessively, which means they know of
the overuse of antibiotics.

5.8.

Student D:

Do you give antibiotics for every diseases? 22 NO. This is a good result.

5.10.

Student D:

Let’s note the questions that support our idea so far.

5.12.

Student B:

5.9.

5.11.

Student C:

Student C:

Have you been asked for antibiotics by people who do not have prescriptions? All of
the pharmacists said YES. This result supports our idea.
Our idea was that antibiotics no longer work in people who need them to treat
infections is improper use or overuse of antibiotics.

And so, questions 1, 2, and 5 support us [our idea].

Action: Adjusting the group’s current strategy – Lines from 5.13 to 5.14

5.13.

Student A:

5.14.

Student B:

Alright, let’s move on to another question. Are there people who repeatedly come to
your pharmacy and ask for antibiotics? 19 pharmacist said… [Student A was
interrupted by Student B]

Please wait. We are running out of time. Please you two [Student B is pointing Student
A and Student C] interpret this question, and we [Student B and Student D] will look at
another question so that we can use the remaining time more effectively.

Group members read out questions in turn, and then responses to each question were
examined to determine whether these responses could be used to support their idea (lines from
5.1 to 5.12). The members did not attempt to look for any alternative explanations other than
what they proposed while examining the data, but instead only sought supporting evidence for
their idea. Why the group attempted to follow this type of strategy was not apparent in their
discussion. The type of data (e.g., qualitative data or quantitative data, survey data or interview
data, etc.) and source of data (e.g., people in near circle, physician, pharmacist, etc.) shared by
other groups in WISE might have caused the group to just focus on supporting evidence for their
idea. Group 1 and Group 4 conducted questionnaires with pharmacists as well and shared
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questionnaire data that were very similar to the data collected by Group 2. Group 3 shared yearly
antibiotic consumption statistics of their city, which was also used by Group 2 to support the
overuse of antibiotics in the city. In the previous idea-generation cycle, other groups’ data
sources were different from the second group’s data source, and so their data provided Group 2
with a different dimension that could be taken into account while interpreting the data. Lack (or
presence) of information diversity (i.e., quantity of different dimensions) across all groups
appears to have been an important factor that influenced the group’s actions of examining and
interpreting data.
All group members worked together on most of the questionnaire items, but at certain
points in the data examination process they began working in two sub-groups. Student B
interrupted Student A while Student A was reading out responses to a question and warned the
rest of the group that they were running out of time. Student B broke the group into two subgroups and assigned each sub-group a question to be examined so that all questions could be
examined till the end of the activity session (line 5.13 and line 5.14). She made the decision by
herself and directed other group members to implement it. No one rejected the decision; instead,
they confirmed this action by remaining silent. Once group members examined and interpreted
the data (i.e., questions and responses given to them), they concluded that pharmacists were not
aware of improper use of antibiotics. Then they shared their conclusion with other groups and
began examining other groups’ most current ideas. At this point, they noticed a problem with
their conclusion. While examining other groups’ ideas, they realized that pharmacists were
actually aware of the improper use of antibiotics, and that what they concluded did not reflect
what they meant. There was a problem with their statement that needed to be corrected. The
following excerpt illustrates how they drew on other groups’ ideas to correct the statement.
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Episode 6: Action - Drawing on ideas shared by other groups
6.1.

Student A:

6.2.

Student B:

6.3.

Student C:

6.4.

Student B:

I noticed a problem while examining other ideas. We stated that pharmacists are not
aware of improper use of antibiotics. However, actually they are aware of improper use
of antibiotics, we did not explain the problem correctly.

You are right, this is not related to pharmacists, but to people buying and using
antibiotics excessively.

Right, pharmacists gave us information about antibiotic usage in our city and we noted
it. We evaluated the information they provided.

Okay, then, we agree on correcting our statement.

Collecting additional information, examining and interpreting research data, examining
ideas shared by other groups, seeking support for ideas, and drawing on other groups’ ideas are
all agentic actions of an epistemic nature that emerged in the third idea-generation cycle. The
shared aspects of epistemic agency are evident in the joint effort to engage in construction of
data collection instrument, share information or research findings with other groups, and
collaboratively examine and interpret research data. Moreover, the regulative aspect of agency
features the efforts to create joint plan of actions and adjust the group’s current strategy.
4.1.1.4 Fourth Idea-Generation Cycle
In the previous idea-generation cycle, group members tested the idea of improper use of
antibiotics, and the results they reached supported the idea. The group, however, did not explain
how overuse of antibiotics caused the problem (i.e., why antibiotics no longer work in people to
cure diseases), which was the final goal the group was expected to achieve. Since the teacher did
not want the group to test an already tested idea again, she decided to encourage the group to
focus on an alternative explanation of why the problem had happened. She started the fourth
idea-generation cycle with the following question: Please propose any other explanation
regarding why the problem has happened. Please keep in mind that we are looking for a more
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elaborated explanation, and so your proposal should be related to overuse of antibiotics. The
following excerpt illustrates how the group generated alternative idea.
Episode 7: Actions - Idea generation / Negotiating ideas
7.1.

Student A:

7.3.

Student D:

I find improper use of antibiotics more serious too.

7.5.

Student B:

That is still improper use [of antibiotics] too.

7.2.

7.4.
7.6.
7.7.
7.8.
7.9.

Student B:

Student C:

There might be another reason such as hygiene conditions of the places where
antibiotics are manufactured.
Or, use of inappropriate dosage of antibiotics might be the reason.

Student D:

Yes, improper use includes a lot of things

Student B:

Hygiene rules might not be considered at the stage of manufacturing [antibiotics].

Student A:

Student D:

7.10.

Student C:

7.11.

Student A:

7.13.

Student D:

7.12.

I think the most important reason is improper use of antibiotics,

Student B:

Hygiene, I think too, might be the reason.

Alright, taking overdose of antibiotics, using them when you are not supposed to, taking
them without prescriptions are all examples of improper use of antibiotics.
But, we are looking for an explanation for the problem other than improper use of
antibiotics.

The only thing left among the ideas we proposed is hygiene. Let’s focus on hygiene.

Right

Okay.

Taking inappropriate dosage of antibiotics (line 7.4) and hygiene conditions of places
where antibiotics were manufactured (line 7.2) were the ideas set forth by group members. They
were able to negotiate a fit between these two ideas without having a long discussion. All group
members were easily convinced that taking inappropriate dosage of antibiotics was a type of
improper use of antibiotics (lines from 7.4 to 7.6, and line 7.9). Since they looked for an
explanation other than improper use, they ignored the first idea and decided to go with the other
one (lines from 7.10 to 7.13). The group also decided to invite a physician to the school, and
check with him to see whether hygiene conditions of the places where antibiotics were
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manufactured could lead to the problem. After the interview with the physician, group members
talked about what they learned from the interview.
The excerpt from episode 8 indicates how the group benefited from the interview. It is
apparent in the excerpt that group members learned bacteria mutates because of inappropriate
dosage of antibiotics (line 8.7), and they successfully linked this new information to their
previous idea. They discussed whether new information changed their previous idea, and decided
that their idea did not change, but improved (line 8.9 and line 8.10). They concluded that
improper use of antibiotics had caused bacteria to mutate, and so antibiotics no longer work in
people (lines from 8.16 to 8.21). Since this explanation is more elaborate compared to the one
just mentioning overuse of antibiotics, idea improvement is evident in the group’s discussion
presented in the excerpt.
Episode 8: Action - Improving ideas
8.1.

Student A:

8.3.

Student A:

8.2.

Our idea was “improper use of antibiotics”

Student B:

Right

Student B:

Yes

Student B:

And that they [antibiotics] were not enough

8.8.

Student B:

Yes, that is right.

8.10.

Student B:

Not really, but I think they contributed a little to our idea.

8.12.

Student B:

I think so.

8.14.

Student B:

Yes

8.4.
8.5.
8.6.
8.7.

8.9.

8.11.

8.13.

Student A:
Student A:

Student A:
Student A:
Student A:

A doctor made a presentation
In this presentation we learned that dosage of antibiotics was not considered.
We learned they [antibiotics] were either used too much or not enough was given. We
saw that sometimes they did not work in people. We saw bacteria mutated and so were
not affected [by antibiotics].
Do you think that these reasons have led to change our idea?
To me, the problem happens because of improper use of antibiotics.

But, as the doctor said, our human organism is becoming vulnerable to bacteria, and the
situation is getting worse. This is a bad thing.
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8.15.

Student C:

8.16.

Student A:

8.18.

Student A:

8.17.

Can we say that our idea did not change after the doctor’s presentation, but that it has
improved?

Yes, improper use of antibiotics, and…

Student B:

…using lower dosage of antibiotics

8.19.

Student B:

Okay, I am not saying anything else.

8.21.

Student A:

Our new idea is that improper use of antibiotics, using inappropriate dosage of
antibiotics cause bacteria to mutate, and so antibiotics does not work in people.

8.20.

Student C:

No, that could be over-dosage [of antibiotics] too. People don’t pay attention to
prescribed dosage of antibiotics, and because of this the bacteria mutate.
I am okay with what you last said.

Generating new ideas, negotiating a fit between ideas, constructing a data collection
instrument, collecting additional information, using feedback constructively, engage in
collaborative uptake of ideas, and improving ideas are all agentic actions of an epistemic nature
that emerged in the fourth idea-generation cycle. The shared aspect of agency features the efforts
to create joint plan of actions, engage in construction of data collection instrument, and share
ideas with other groups. Moreover, the regulative aspect of agency features the efforts to create
joint plan of actions.
4.1.2 Overall Performance of Other Groups in Knowledge-Building Activities
Both epistemic and regulative actions were identified in the agency of all groups. All
actions presented in Table 23 emerged in knowledge-building activities of Group 2, whereas
some of the actions did not emerge in other groups’ activities (see Table 25). Negotiating a fit
between ideas, examining ideas, seeking support for ideas, drawing on other group’s ideas, and
using feedback constructively are the actions that were not taken by Group 1. Adjusting the
group’s current strategy is the only action that did not emerge in the activities of Group 3.
Drawing on other groups’ ideas, using feedback constructively, and adjusting group’s current
strategy were the actions not evident in Group 4’s activities.
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Table 25
Numbers of times that actions emerged in groups’ activities
Action
Group 1 Group 2
Generating ideas
Revising ideas
Improving ideas
Negotiating a fit between ideas
(Negotiating new ideas)
Engaging in shared construction of data
collection instruments
Collecting additional information
Creating joint plan of actions (to test ideas)
Examining research data
Interpreting research data
Sharing information (with other groups)
Sharing ideas (with other groups)
Examining ideas (shared by other groups)
Drawing on other groups’ ideas
Using feedback constructively
Seeking support for ideas
(or looking for supporting evidence)
Adjusting the group’s current strategy

Group 3

Group 4

4
1
1
1

3
1
1
1

1
1
0
0

4
2
1
2

3

3

2

3

4
3
3
3
2
1
0
0
0
1

4
3
3
3
3
4
3
1
2
1

4
3
3
3
3
4
3
1
1
2

4
3
4
3
3
2
2
0
0
1

1

3

0

0

All groups began working on the problem by generating their initial ideas, and later they
revised their initial ideas in the third activity. After the third activity, all groups except Group 1
continued to generate new ideas, negotiate a fit between new ideas to decide which idea was
more promising. Group 1, however, did not attempt to generate new ideas after the third activity,
and so there was no ground for group members to seek negotiation between ideas. After revising
the initial idea in the third activity, the group appears to have tried to support the revised idea
throughout the project without considering alternative or more inclusive explanations for the
problem they worked on. The group also did not attempt to examine and draw on other groups’
ideas, and use feedback constructively. Group 1 used other groups’ research findings in the
event that findings had potential to support the group’s idea. Conversations that took place in the

94
group did not provide any clue that the group members tried to generate a more inclusive idea or
explanation about the source of the problem. Similarly, the most current idea entered to the
group’s idea basket in WISE was about the mutation of bacteria (see Table 26), but no causal
link between misuse of antibiotics and bacterial mutation was created by the group. Therefore,
idea improvement was not evident in Group 1’s activities throughout the project. On the other
hand, other groups revised their initial ideas and worked on ways to improve them. They
examined ideas shared by other groups. Group 2 and Group 3 drew on other groups’ ideas, and
used feedback constructively to test or improve their ideas, whereas Group 4 did not take others’
ideas or feedback into account while seeking a deeper explanation for the problem. All groups
except Group 1 demonstrated idea improvement at the end by creating a causal relationship
between misuse of antibiotics and mutation of bacteria (see Table 26).
Table 26
Ideas generated/revised/improved by groups
Activity
Group 1
Group 2
1

3

5

People might not use
antibiotics because of
their taste

Ingredients of
antibiotics might
have changed over
time.

Antibiotics no longer
work in people because
of misuse of
antibiotics.

Antibiotics might
have been used for
diseases caused by
viruses and so people
might have thought
that antibiotics did
not work

People are not taking a
full course of
antibiotics as
prescribed by doctors.
This means the

After conducting the
questionnaire, our
idea did not change,
but improved. We
think that misuse of
antibiotics and taking

Group 3

Group 4

Hygiene
conditions of the
places where
antibiotics are
manufactured
might have caused
the problem.

Hygiene conditions of the
places where antibiotics
are manufactured might
have caused the problem.

Antibiotics no
longer work
because of our
careless misuses
of antibiotics.

Antibiotics no longer work
because people misuse
them.

At the end of this
activity we
learned that all
groups’ ideas are
nearly the same.
Therefore, even

As a result of the
questionnaire we
conducted with people in
our near circle and of the
questionnaire conducted
by another group with
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7

9

problem is still misuse
of antibiotics.

inappropriate dosage
of antibiotics are the
reasons of why they
no longer work.

Before the activity, we
as group were thinking
of misuse of antibiotics
as a reason of “why
antibiotics no longer
work in people.” When
we reviewed the results
of another group’s
work, we learned that
1,881,600 boxes of
antibiotics were sold in
our city. This number
is too high and supports
the idea of people’s
misuse of antibiotics.

Our idea was the
misuse of activities.
We learned from
another group that
1,881,600 boxes of
antibiotics were taken
from pharmacies in
our city between
2013 and 2014. This
supported our idea

After talking to the
doctors, our idea has
changed. Our new idea
is: Bacteria develops
immunity against
antibiotics.

Our first idea was the
misuse of antibiotics.
After speaking with
the doctors, our idea
has improved. Our
new idea is: Improper
use of antibiotics, not
paying attention to
their dosage causes
bacteria to mutate,
and so antibiotics no
longer work.

after examining
other groups’
ideas, we did not
change our idea
because the
conclusion all
groups reached is
improper use of
antibiotics.

pharmacists, we came to
the following conclusion:
The reason of why
antibiotics no longer works
in people is their misuse
because of people’s lack of
knowledge of antibiotics.

In our city,
1,881,600 boxes
of antibiotics were
sold in a year.
This means
average of about
5-6 boxes per
person were
consumed. This
shows that people
are not conscious.

As a result of the
questionnaire we
conducted with
pharmacists, we came to
the following conclusion:
Antibiotics no longer work
in people because they are
overused and misused such
as taking inappropriate
dosage of antibiotics, and
using them without
prescriptions.

Before speaking
with the doctors,
we were thinking
that antibiotics no
longer work
because of
overuse and
misuse of them.
Our new idea is:
Bacteria develops
immunity against
antibiotics
because of
improper use of
antibiotics.

Our idea has improved.
Bacteria develops
immunity against
antibiotics because of
overuse and misuse of
antibiotics. This is the
reason of why antibiotics
no longer work.

Ideas in groups’ idea baskets in WISE were assessed to understand whether they demonstrated
idea improvement throughout the study. Ideas were rated in terms of epistemic complexity and
scientific sophistication (see Table 9 for details). To assess epistemic complexity, ideas were
coded on a 4-point scale (1=unelaborated facts, 2=elaborated facts, 3=unelaborated explanations,
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and 4=elaborated explanations). Ideas were coded to assess scientific complexity by using a
5-point scale (1=anti-scientific, 2=hybrid, 3=pre-scientific, 4=basically scientific, and
5=scientific). A composite score was then calculated by multiplying the two ratings in order to
assess the depth of understanding. Table 27 presents codes assigned to Group 1’s and Group 2’s
ideas along with rationale for coding.
Table 27
Group ideas and scores assigned to them
Activity
Group 1
Idea

People might
not use
antibiotics
because of
their taste

Evaluation

The problem statement
clearly states that
antibiotics no longer work
in people who use them.
Since this idea is not related
to the problem, the idea is
naïve (Anti-scientific –
Score: 1).

Idea

Ingredients of
antibiotics
might have
changed over
time.

Also how taste might cause
people not to use antibiotics
is not elaborated.

1

3

(Pre-scientific – Score: 3)

A possible change in
ingredients of antibiotics can
be detected, and its
contribution to the problem
can be investigated. Thus, this
idea can be considered
scientific. Since there is no
evidence to support the idea
here, it is an example of prescientific idea.
What type of change in
ingredients of antibiotics the
group talk about is not clear.

Composite Score : 1 x 1 = 1

Misuse of antibiotics is
something related to the
problem statement. Also
this idea can be supported
or challenged with
evidence. Thus, this idea
can be considered
scientific. Since there is no
evidence to support the idea
here, it is an example of
pre-scientific idea.

Evaluation

(Pre-scientific – Score: 3)

(Unelaborated fact Score:1)

Antibiotics
no longer
work in
people
because of
misuse of
antibiotics.

Group 2

(Unelaborated fact - Score:1)
Antibiotics
might have
been used for
diseases
caused by
viruses and so
people might
have thought
that antibiotics
did not work

Composite Score : 3 x 1 = 3

The group implies a type of
misuse of antibiotics. They
provided an example showing
antibiotics might be used for
wrong diseases. This is idea
can be supported or
challenged with evidence.
Since there is no evidence to
support the idea here, it is an
example of pre-scientific
idea.
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What is referred with
misuse of antibiotics is not
clear.

(Pre-scientific – Score: 3)

What is referred with misuse
of antibiotics is clear.

(Unelaborated fact Score:1)

5

People are
not taking a
full course of
antibiotics as
prescribed by
doctors. This
means the
problem is
still misuse
of antibiotics.

Composite Score : 3 x 1 = 3

Misuse of antibiotics can be
supported or challenged
with evidence. Thus, this is
a scientific idea. Since there
is no evidence to support
the idea here, it is an
example of pre-scientific
idea.
(Pre-scientific – Score: 3)

“Not taking a full course of
antibiotics” is a type of
misuse of antibiotics. Thus,
what is referred with
misuse of antibiotics is
clear.
(Elaborated fact - Score:2)

7

Before the
activity, we
as group
were thinking
of misuse of
antibiotics as
a reason of
“why
antibiotics no
longer work
in people.”
When we
reviewed the
results of
another
group’s
work, we
learned that
1.881.600
boxes of
antibiotics
were sold in
our city. This

Composite Score : 3 x 2 = 6

Misuse of antibiotics can be
supported or challenged
with evidence. The number
that represents how many
boxes of antibiotics were
sold in the city where
students live is used here to
support their idea and to
elaborate what they refer
with the term “misuse of
antibiotics”.
(Basically Scientific –
Score:4)

(Elaborated fact - Score:2)

Composite Score : 4 x 2 = 8

(Elaborated fact - Score:2)

Composite Score : 3 x 2 = 6
After
conducting the
questionnaire,
our idea did
not change,
but improved.
We think that
misuse of
antibiotics and
taking
inappropriate
dosage of
antibiotics are
the reasons of
why they no
longer work.

Misuse of antibiotics can be
supported or challenged with
evidence. Thus, this is a
scientific idea. Since there is
no evidence to support the
idea here, it is an example of
pre-scientific idea.

Our idea was
the misuse of
activities. We
learned from
another group
that 1.881.600
boxes of
antibiotics
were taken
from
pharmacies in
our city
between 2013
and 2014. This
supported our
idea

Misuse of antibiotics can be
supported or challenged with
evidence. The number that
represents how many boxes
of antibiotics were sold in the
city where students live is
used here to support their idea
and to elaborate what they
refer with the term “misuse of
antibiotics”.

(Pre-scientific – Score: 3)

“Taking inappropriate dosage
of antibiotics” is a type of
misuse of antibiotics. Thus,
what is referred with misuse
of antibiotics is clear.
(Elaborated fact - Score:2)

Composite Score : 3 x 2 = 6

(Basically Scientific –
Score:4)

(Elaborated fact - Score:2)

Composite Score : 4 x 2 = 8
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number is too
high and
supports the
idea of
people’s
misuse of
antibiotics.

9

After talking
to the
doctors, our
idea has
changed. Our
new idea is:
Bacteria
develops
immunity
against
antibiotics.

“Developing immunity
against antibiotics” is an
idea that can be supported
or challenged with
evidence. Since the idea is
not supported with
evidence it is a prescientific idea.
(Pre-scientific – Score 3)

Since the group did not
mention the relationship
between misuse of
antibiotics and bacteria
developing immunity
against antibiotic, this is not
considered explanation of
the problem.
(Elaborated fact - Score:2)

Composite Score : 3 x 2 = 6

Our first idea
was the
misuse of
antibiotics.
After speaking
with the
doctors, our
idea has
improved. Our
new idea is:
Improper use
of antibiotics,
not paying
attention to
their dosage
causes
bacteria to
mutate, and so
antibiotics no
longer work.

The groups’ idea can be
supported or challenged with
evidence. Thus, this is a
scientific idea. Since there is
no evidence to support the
idea here, it is an example of
pre-scientific idea.
(Pre-scientific – Score 3)

The group clearly linked
misuse of antibiotics to
mutation of bacteria. Since
how misuse of antibiotics
caused bacteria to mutate is
not explained here, this
explanation is considered a
partial explanation.
(Partial Explanation –
Score:3)

Composite Score : 3 x 3 = 9

Figure 7 shows each group’s performance in idea improvement throughout the study. The first
graph on the figure represents the Group 1’s progress throughout the study. Composite scores
assigned to the group’s first four ideas increased gradually. Since the score assigned to the
group’s fifth idea is lower than the fourth idea, a decrease in scores is observed, which means
that idea improvement is not evident in the group’s discourse. On the other hand, all other
groups’ scores increased over time without any decline, which means they demonstrated idea
improvement.
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Numbers on the figures represent composite scores assigned to ideas.

X coordinate represents composite score, Y coordinate represents time. Idea 1 was the first idea that
groups entered to WISE and Idea 5 was the last idea that groups entered to WISE.

Figure 7. Idea improvement charts – Group level
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The same coding procedure explained above was followed to assess students’ online
reflective journals. Results are presented in Figure 8. Gradual increase in scores over time
without any significant decline signals idea improvement. Scores assigned to Student 4 of Group
2, Student 1 of Group 3, and Student 3 of Group 4 increased gradually over time, which means
these students demonstrated idea improvement. Scores assigned to Student 1 of Group 1
increased first; then a decline occurred in her idea improvement process and an upward trend
started right after the decline. Since gradual increase occurred after the decline, idea
improvement was evident the student’s activities. Student 3 of Group 3 received a higher score
for Idea 3 than the one assigned to Idea 2. However the scores she received for Idea 4 and Idea 5
are the same with the score of Idea 3. Because of no gradual increase in her scores over time, she
did not demonstrate idea improvement. Overall, the results represented by Figure 8 indicate that
only one member demonstrated idea improvement in Group 1, whereas three members in other
groups demonstrated idea improvement. These results will be discussed in the next chapter.
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Numbers on the figures represent composite scores assigned to ideas.

X coordinate represents composite score, Y coordinate represents time. Idea 1 was the first idea that
students posted to their personal blogs and Idea 5 was the last idea that students posted to their personal
blogs.

Figure 8. Idea improvement charts – Individual level
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All groups actively engaged in the data collection process, which involved constructing
data collection instruments and collecting additional information to test ideas. Groups generally
selected the same data collection method in most of the activities. The only exception was the
sixth activity; Group 3 decided to contact a pharmaceutical warehouse to obtain yearly antibiotic
consumption statistics of their city, whereas other groups decided to use a questionnaire to
survey pharmacists. Group 3’s decision—to contact a pharmaceutical warehouse instead of
surveying pharmacists resulted in obtaining different information—was used by other groups to
support their ideas. For example, Group 1 used the yearly antibiotic consumption statistics
shared by Group 3 to support the group’s idea in the seventh activity: “When we reviewed the
results of another group’s work, we learned that 1,881,600 boxes of antibiotics were sold in our
city. This number is too high and supports the idea of people’s improper use of antibiotics.”
Similarly, in the fourth activity, Group 3 decided to use a questionnaire to survey pharmacists,
whereas other groups surveyed people in their near circle. Since the information shared by Group
3 was obtained from a different data source, other groups considered that information while
examining and interpreting their own findings. For example, the action of drawing on the
information shared by Group 3 was apparent in the following response of Group 4:
As a result of the questionnaire we conducted with people in our near circle and of the
questionnaire conducted by another group with pharmacists, we came to the following
conclusion: The reason of why antibiotics no longer works in people is their misuse
because of people’s lack of knowledge of antibiotics.
Creating a joint plan of action is the only regulative action that emerged in all groups’
activities. Groups thought ahead and decided what activities were necessary to revise or improve
their ideas. The joint plans created by the groups generally included selection of research
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method, data source, and data collection instrument. The second and last regulative action,
adjusting the group’s current strategy, was only apparent in the activities of Group 1 and Group
2. This regulative action emerged the same way in both groups’ activities. The groups decided to
change their work strategy from collaborative work to cooperative work. Group 2 made this
decision when they run out of time and had to speed up. When this regulative action was
performed, Group 2 began working in two sub-groups, each of which focused on different parts
of the same work. Then the sub-groups put their work together in order to complete the task they
worked on. On the other hand, Group 1 made this decision when its group members did not
function as a group. This strategy was used by two group members to keep away the other two
members who distracted them.
4.2. Research Question 2
Are the following individual-level constructs influential in predicting middle school
students’ performance in knowledge-building activities: self-regulation, approaches to
learning, and personal epistemological beliefs?
4.2.1 Logistic Regression Analysis

Since the dependent variable in the study was categorical (high conceptual progress
versus low conceptual progress), the logistic regression was conducted to understand whether the
measured constructs of learning were influential on predicting students’ performance in
knowledge building.
Confirmatory factor analysis (CFA) results reported in Chapter 3 indicate that the
learning approaches questionnaire measures two factors (i.e., meaningful learning and rote
learning), and that the epistemological beliefs questionnaire (EBQ) measures three factors (i.e.,
source/certainty, development and justification). In order to decide whether these subscales or
combination of the subscales should be entered to the logistic regression analysis, correlations
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between the subscales were examined. The estimated correlation between meaningful learning
and rote learning subscales is not high (r=0.373), which does not support forming a general scale.
Therefore, both subscales of LAQ should be entered to the analysis. Similarly, the estimated
correlation between source/certainty and justification (r=0.247) and the correlation between
source/certainty and development (r=0.246) are low, whereas the correlation between
justification and development (r=0.93) is very high. These results suggest that sum score of
justification and development subscales can be used in the analysis. To support this decision, a
hierarchical CFA model presented in Figure 9 was tested, and very similar correlation values
were obtained (see Table 28). High correlation between development and justification factors
(r=0.94) indicates a common underlying factor. Therefore, scores of these two subscales are
summed to compute a new score which represents the common underlying factor. The logistic
regression model given below was tested.
Y = b0 + b1 ML + b2 RL + b3 SC + b4 DJ + b5 SR where
ML: Meaningful Learning; RL: Rote Learning
SC: Source/Certainty
DJ: Development/Justification (i.e., sum score of development and justification subscales.)
SR: Self-regulation
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Figure 9. Hierarchical CFA Model
Table 28
Correlation matrix of latent variables – Hierarchical CFA
Source/Certainty
Development
Source/Certainty
Development
Justification
PEB

1.00

0.25

1.00

0.25

0.97

0.25

0.94

Justification

1.00

0.97

PEB

1.00

4.2.1.1 Diagnostic Statistics
Standardized residuals were checked to detect possible outliers in the data. Out of 60
cases, two cases have absolute values of more than 3 (Case 7 =3.16 and Case 33=-4.62), and so
these items were labeled as outliers. In addition to standardized residuals, other model
diagnostic statistics (i.e., Cook’s distance, leverage, and DFBeta) were also checked to detect
influential cases having an effect on the model. There is only one case that has absolute Cook’s
distance greater than 1 (Case 33 = 1.64). Three cases have absolute DFBeta (for the predictor
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RL) greater than 1 (Case 7 = 2.37, Case 8 = 2.32, and Case 33=5.47). Leverage statistics are
close to the calculated expected value of 0.1 (the number of predictors plus 1, divided by the
sample size). Considering the diagnostic statistics mentioned above along with their cutoff
criterions, Case 7, Case 8 and Case 33 were removed from the data.
4.2.1.2 Assumptions
4.2.1.2.1 Assumption of linearity
As explained in Chapter 3, the 5-point Likert scales and the 7-point scale used in this
study are considered to be continuous (see Section 3.3.2.2.1 for details). The assumption of
linearity in logistic regression means that there is a linear relationship between any continuous
predictors and the logit of the outcome variable (Field, 2009). This assumption was tested by
checking whether five continuous variables of the study (rote learning, meaningful learning,
source/certainty, development/justification and self-regulation) were linearly related to the log of
the outcome variable (student performance in knowledge building). To do so, it was checked to
see whether the interaction term between each predictor and its log transformation is significant.
Table 29 indicates the part of the output that tests the assumption. Any interaction that is
significant shows that the main effect violates the assumption of linearity of the logit. All six
interactions have significance values greater than .05 showing that the assumption has been met
for all continuous variables.
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Table 29
Outputs for testing the assumption of linearity of the logit
B
S.E.
Wald

Df

Sig.

Exp(B)

.976

1.124

RL

1.089

1.814

.360

1

.548

SC

2.546

4.539

.315

1

.575

2.114

1.910

.783

.001

ML

.117

DJ

SR

RL by Ln(RL)

3.709

8.588

.371

.561

2.921

ML by Ln (ML)

-.028

LA by Ln(LA)

-.139

SC by Ln (SC)
DJ by Ln (DJ)

SR by Ln (SR)

3.856

.135

-.692

-.591

.001

1

.337

12.762

.187

1

.666

40.822

.437

1

.508

1.449

1

1

.167
.972

18.560

.973

.887

.023

1

.879

1.144

1.664

.173

1

.677

.501

.435

.000

1.073
.440

.017

1.806

1

1

Constant
-83.293
106.627
.610
1
RL: Rote Learning (LAQ); ML: Meaningful Learning (LAQ);
SC: Source/Certainty (EBQ); DJ: Development / Justification (EBQ)
SR: Self-regulation

.897

.179

.870

.554

4.2.1.2.2 Assumption of Multicollinearity
This assumption was tested by checking VIF and tolerance statistics. SPSS, however,
does not provide these collinearity statistics in logistic regression. Multicollinearity is a high
degree of linear association among the independent variables, and not related to the dependent
variable of interest to the study. Therefore, regardless of the type of dependent variable
(categorical or continuous) the current study focuses on, VIF and tolerance statistics can be
obtained by running a linear regression with the same predictors and categorical dependent
variable in the proposed logistic regression model.
The results of the linear regression analysis are shown in Table 30. It can be seen from
the table that the tolerance values are .756 for RL, .548 for ML, .656 for SC, .485 for DJ, and
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.730 for SR. The VIF values are 1.323 for RL, 1.824 for ML, 1.525 for SC, 2.061 for DJ, and
1.370 for SR. Tolerance values less than 0.1 almost certainly indicate a serious collinearity
problem (Menard, 1995), and a VIF value greater than 10 is cause for concern (Myers, 1990). It
appears from these values that collinearity is not an issue between predictor variables.
Table 30
Collinearity statistics
RL

ML

Tolerance
.756

1.323

.656

1.525

.548

SC
DJ

VIF

.485

1.824
2.061

SR
.730
1.370
RL: Rote Learning (LAQ); ML: Meaningful Learning (LAQ);
SC: Source/Certainty (EBQ); DJ: Development / Justification (EBQ)
SR: Self-regulation
4.2.1.3 Results of Logistic Regression Analysis
Table 31presents observed and predicted classifications before and after the predictors
are entered into the equation. Model 1 includes only the constant before any coefficients (i.e.,
those relating to RT, ML, SC, DJ, and SR) are entered into the equation. Logistic regression
compares this model with model 1 including all the predictors (RT, ML, SC, DJ, and SR) to
determine whether model 1 is more appropriate. The table suggests that if we knew nothing
about our variables and guessed that a student would demonstrate low-conceptual progress we
would be correct 68.4% of the time. The table also shows how the classification error rate has
changed from the original 68.4%. By adding the variables we can now predict with 89.5%
accuracy.
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Table 31
Observed and predicted classifications
Model
Observed
Classification
Model
0
Model
1

Low-conceptual progress
High-conceptual progress
Low-conceptual progress
High-conceptual progress

Predicted Classification
Low-conceptual High-conceptual
progress
progress
39
0
18
0
36
3

3
15

Percentage
Correct
Overall

100.0
.0
68.4

Overall

92.3
83.3
89.5

To evaluate overall fit of the new model and significance, the model chi-square statistic,
which measures the difference between model 1 and model 0, was used. A test of the full model
against a constant-only model was statistically significant, indicating that the predictors as a set
reliably distinguished between low-conceptual progress and high-conceptual progress (chi square
= 43.418, p < .001 with df = 5). A similar result was reached when Hosmer and Lemeshow (HL) test statistic was checked (chi square = 4.350, p = .824 with df = 8). Since the H-L goodnessof-fit test statistic was greater than .05, we failed to reject the null hypothesis that there is no
difference between observed and model-predicted values, implying that the new model predicts
values not significantly different from what was observed. Nagelkerke’s R 2 of .748 indicated a
moderately strong relationship between prediction and grouping. Cox and Snell R 2 of .533
indicated 53.3% of the variation in the dependent variable was explained by the new model. The
Wald criterion demonstrated that only self-regulation and development/justification dimension of
personal epistemological beliefs made a significant contribution to prediction (see Table 32 for
related statistics).
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Table 32
Wald statistics

B

S.E.

Wald

Df

Sig.

Exp(B)

-.169

.156

1.167

1

.280

.845

.228

5.225

1

13.647

11.229

1

RL

-.038

SC

.228

.125

.292

.121

ML
DJ

.521

SR

Constant

-45.730

.183

.043

3.353
5.821

1

.836

1

.067

1

.016

.963

1.256

.022

1.684

.001

.000

RL: Rote Learning (LAQ); ML: Meaningful Learning (LAQ);
SC: Source/Certainty (EBQ); DJ: Development / Justification (EBQ)
SR: Self-regulation

1.339

4.2.2 Results of Dependent t-tests
Students’ approaches to learning, personal epistemological beliefs, and metacognitive
self-regulation strategies were measured two times (at the beginning of the study and toward the
end of the study) to understand whether they changed during the study. Repeated measure t-tests
were conducted. Table 33 shows descriptive statistics.
Table 33
Descriptive statistics

Mean
N
Std. Deviation
RL1
14.916
60
3.742
RL2
14.816
60
3.186
Pair 2
ML1
49.433
60
7.293
ML2
49.400
60
6.095
Pair 3
SC1
21.58
60
6.593
SC2
19.43
60
6.149
Pair 4
JD1
61.383
60
6.582
JD2
60.533
60
7.536
Pair 5
SR1
51.32
60
11.957
SR2
51.00
60
12.786
RL: Rote Learning (LAQ); ML: Meaningful Learning (LAQ);
SC: Source/Certainty (EBQ); DJ: Development / Justification (EBQ)
Pair 1
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SR: Self-regulation
RL1, ML1, SC1, JD1, SR1: Pre-tests ; RL2,ML2,SC2, JD2, SR2: Post-tests

Dependent t-test results of pretest and posttest scores on approaches to learning, personal
epistemological beliefs, and metacognitive self-regulation appear in Table 34.
Table 34
Repeated measure t-test results
Mean

Std.
Deviation
4.205
7.1756

Std. Error
Mean
0.5429
0.9263

t

df

Pair 1 RL1 – RL2
0.1000
0.194
59
Pair 2 ML1 –
0.0333
0.036
59
ML2
Pair 3 SC1 – SC2
2.150
5.313
0.686
3.134
59
Pair 4 JD1 – JD2
0.850
8.798
1.135
0.748
59
Pair 5 SR1 – SR2
0.317
11.964
1.545
0.205
59
RL: Rote Learning (LAQ); ML: Meaningful Learning (LAQ);
SC: Source/Certainty (EBQ); DJ: Development / Justification (EBQ)
SR: Self-regulation
RL1, ML1, SC1, JD1, SR1: Pre-tests ; RL2,ML2,SC2, JD2, SR2: Post-tests

Sig (2tailed)
0.854
0.971
0.003
0.457
0.838

As can be seen from Table 34, a statistically significant change in students’ beliefs about source
and certainty of knowledge occurred over time during the study (t(59) = 3.134, p < 0.01), which
refers to a change from naïve epistemological beliefs towards sophisticated epistemological
beliefs. Other paired t-test comparisons do not indicate a statistically significant change over
time. These results will be discussed in the next chapter.
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Chapter 5
Discussion
This chapter discusses the findings of this study. Implications of this study are also
presented. The purpose of this study was to explore shared epistemic agency that emerged in the
context of knowledge-building activities of middle school students and to understand whether
individual-level factors (i.e., self-regulation, approaches to learning, and personal
epistemological beliefs) were influential in predicting students’ performance in the same context.
By exploring shared epistemic agency in connection with both collective processes and
individual gains, this study aimed to provide a holistic view of idea improvement that took place
at both individual and group levels. The research questions of this study were:
(1) What actions indicative of shared epistemic agency are evident in middle school students’
knowledge-building activities?
(2) Are the following individual-level constructs influential in predicting middle school
students’ performance in knowledge-building activities: self-regulation, approaches to
learning, and personal epistemological beliefs?
5.1 Research Question 1
What actions indicative of shared epistemic agency are evident in middle school students’
knowledge-building activities?

Shared epistemic agency was defined by Damsa et al. (2010) as “the capacity that enables

groups to deliberately engage in and perform sustainable collaboration that results in the creation
of new knowledge” (p. 179). In line with this definition, collaborative actions taken toward
creating new knowledge were at the focus of the current study in identifying dimensions of
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shared epistemic agency in a middle school context. Epistemic and regulative dimensions are the
two main dimensions identified in this study, which are the same with those identified by Damsa
et al. (2010). As a quick summary, the epistemic and regulative actions that emerged in this
study are listed below:
Epistemic Actions: Generating new ideas, negotiating a fit between ideas, sharing ideas,
revising ideas, improving ideas, examining ideas (shared by other groups), drawing on
other groups’ ideas, engaging in shared construction of data collection instruments,
collecting additional information, examining/interpreting research data, using feedback
constructively, seeking support for ideas.
Regulative Actions: Adjusting the group’s current strategy and creating joint plan of
actions.
In the following sections these epistemic and regulative actions are discussed separately.
5.1.1 Epistemic Actions
Generating new ideas is the first action of the epistemic dimension. Groups began
working on the knowledge problem by proposing ideas that could explain the source of the
problem they worked on. All groups except Group 1 continued to generate new ideas till the end
of the semester when the project was implemented. As stated by Scardamalia and Bereiter
(2006), ideas are considered as real things that can interact with one another to generate new or
more complex ideas. Setting forth an idea, interacting with ideas of other group members, and
deciding which idea was more promising was one way the groups generated ideas. Once the
groups generated their own ideas, they examined ideas arising from other groups and negotiated
a fit between those ideas to decide whether their own groups’ ideas subsume, contradict, or relate
to other groups’ ideas. This decision making process resulted in promisingness judgements (i.e.,
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evaluating the promisingness of ideas) that has an important role in supporting student agency
and advancing knowledge-building discourse (Chen et al., 2015). In the event that the groups in
the current study were convinced that another group posed a more promising idea or a more
inclusive explanation regarding the source of the problem, they drew on that idea as a basis for
generating new ideas. Sharing ideas with other groups, examining ideas shared by other groups,
negotiating a fit between ideas, and drawing on ideas shared by other groups were the epistemic
actions that supported idea generation. These epistemic actions are convergent with activities
denoted by Scardamalia and Bereiter (2006), Bielaczyc, Pirolli, and Collins (2013) and Damsa et
al. (2010). For example, in Scardamalia and Bereiter (2006), primary school students accessed a
new perspective that was contributed to Knowledge Forum by students in a university course and
they started contributing to it. The university students shared their view with others, a similar
action performed by the groups in the current study, by entering it to Knowledge Forum and
making it available to everyone in Knowledge Forum. On the other hand, the primary students
started contributing to the view shared by the university students, which is an action similar to
the one performed by the groups in the current study when they drew on other groups’ ideas.
Furthermore, Damsa et al. (2010) identified the following actions in their study, which are very
similar to the actions identified in the current study: sharing ideas and knowledge, and
negotiating new ideas. Bielaczyc et al. (2013) identified similar activities performed by students
to examine collection of ideas and exchange ideas with others, which refers to the actions
performed by the groups in the current study to share ideas with other groups and examine ideas
arising from other groups. Additionally, Stroupe (2014) observed some actions that emerged in a
learning environment where students acted as epistemic agents and placed their science ideas as
central to classroom science practice community. Among those actions, integrating science ideas
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with other ideas and introducing new science ideas on the public plane are the actions similar to
the following actions that emerged in the current study: negotiating fit between ideas and sharing
ideas with other groups.
In knowledge-building communities, students take on high-level responsibility for their
learning by creating joint plans of action including setting goals, making long-term plans, and
identifying how to search and gather information (Zhang & Sun, 2011). In the current study, the
groups did not follow predetermined scripts of searching and gathering information, but instead
they decided what type of information they needed and how to access that information. They
began the data collection process by constructing data collection instruments. From the
beginning to the end of the project, the groups used two main data collection methods, namely
administering questionnaires and conducting interviews, which means they engaged in shared
construction of questionnaires and interview questions. After the groups constructed a data
collection instrument, they gathered and examined data to get some insights about their existing
ideas. Phrased in a different way, engaging in shared construction of data collection instruments,
collecting additional information (or data), and examining research data were the epistemic
actions performed by the groups to support or challenge existing ideas. These types of actions
were also indicated in Damsa et al.’s (2010) study. For example, one of the groups in Damsa et
al.’s (2010) study was assigned to design training to solve a problem of a company. The group
invested a lot of effort to understand underlying reasons of the problem, and they realized that
the problem had been mistakenly identified. The group decided to collect additional information
from external sources (e.g., experts, documents) to better understand the problem. The action,
collecting additional information from external sources, performed by the group, is the same
with the action (collecting additional information) that emerged in the current study. Damsa et
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al. (2010) grouped similar actions such as examining given sources and collecting additional
information under the same category, which addressed the need for acquiring and structuring
existing knowledge.
Collaboration was at the center of all activities mentioned above, which fostered the
emergence of shared epistemic agency in the groups’ knowledge-building activities. Epistemic
agency is fostered by enhancing interaction or dialogue between peers (Scardamalia & Bereiter,
2003a). In the current study, members of each group collaboratively worked to generate ideas
and collect additional information to support those ideas. In addition to the collaborative work
that took place within the groups, the creation of shared understanding was also supported with
interactions between the groups. According to Stahl (2015), a group achieves shared
understanding when the interaction among the group members ensues well enough for them to
pursue their group’s aim. Ignoring the groups’ voices would signal the lack of true acts of
collaboration (Arvaja & Poysa-Tarhonen, 2013). In the current study, the groups shared
information with other groups, examined information shared by other groups and decided what
information could be used to support or challenge their existing ideas. Once they revised or
improved their ideas, they shared their most current ideas with other groups and examined ideas
arising from other groups to see if there were any other ideas that they could draw on. These
types of epistemic actions are convergent with the activities indicated by Zhao and Chan (2014)
such as providing other groups with useful information for project work and examining
information from different perspectives to advance collective understanding. As explained by
Arvaja (2010), collaboration includes both productive interaction among individuals and
willingness to act as a resource for one another. In the current study, the groups interacted with
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each other, and they acted as a resource for one another by sharing information and ideas, which
established a basis for the collaborative creation of knowledge.
Sharing ideas with other groups is an important epistemic action that results in idea
diversity. As Scardamalia (2002) stated, idea diversity plays a prominent role in the development
of knowledge advancement. Getting ideas known by everyone provides all groups with
opportunity to understand the ideas that surround the one they pose, which allows ideas to evolve
into new forms (Scardamalia & Bereiter, 2010). In the current study, Group 2, Group 3, and
Group 4 examined ideas arising from other groups to get different perspectives about the
problem they worked on. Improving ideas is an epistemic action that emerged in these three
groups’ knowledge-building activities, and the emergence of this action appears to be related to
these groups’ openness and willingness to examine other ideas. On the other hand, neither
improving ideas nor examining ideas shared by other groups emerged in Group 1’s activities.
These findings point out a possible link between these two actions, which may require further
scrutiny to better understand the relationship between idea improvement and examining other
groups’ ideas.
5.1.2 Regulative Actions
Besides the epistemic actions mentioned in the previous sections, only two actions
illustrating the regulative dimension of shared epistemic agency were identified in this study:
adjusting the group’s current strategy and creating joint plan of actions. Adjusting the group’s
current strategy was evident in the activities of Group 1 and Group 2. This regulative action
emerged the same way in both groups’ activities. The groups decided to change their work
strategy from collaborative work to cooperative work.
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A joint plan of action was created by each group to collect additional information to
support or challenge ideas. The groups decided what type of data they needed, how they would
gather the data, and from whom the data would be collected. These decisions were made under
guidance of the teachers. The teachers did not intervene in the groups’ decision making process
other than providing probing questions such as “how will you collect data?,” “are you going to
collect data from human subjects?,” and “what data collection method would be the best to
gather the data you need?” Providing such probing questions seems to be the reason why
creating joint plan of actions was evident in all groups’ activities, while other regulative actions
did not emerge. For example, elaborating goals; monitoring gaps, weaknesses, and conflicts; and
analyzing the extent to which they have succeeded or failed are some regulative actions that did
not emerge in this study. These types of actions need to be assumed by students to foster
collective cognitive responsibility in knowledge-building environments (Zhang et al., 2009).
Such regulatory actions illustrate one of the components of metacognition (Schraw & Moshman,
1995), and assuming metacognitive roles is indispensable for students taking on epistemic
agency to improve ideas (Zhao & Chan, 2014). Ways to support students’ developing
metacognitive abilities were explored in the relevant literature (e.g., Kolodner et al., 2003; White
& Frederiksen, 1998), and the value of prompts or scaffolds for metacognition has been shown
by researchers (e.g., Bielaczyc et al., 1995; Davis, 2003; Hakkarainen 2003b; Lee, Chan, & van
Aalst, 2006; Scardamalia & Bereiter, 1991; Zhao & Chan, 2014). Therefore, there is an empirical
ground to establish a link between providing probing questions and the emergence of the action
“creating joint plan of actions.”
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This study has moved beyond merely exploring the actions indicative of shared epistemic
agency into the role of the following factors in students’ performance on idea improvement:
metacognitive self-regulation, personal epistemological beliefs and approaches to learning.
5.2 Research Question 2
Are the following individual-level constructs influential in predicting middle school
students’ performance in knowledge-building activities: self-regulation, approaches to
learning, and personal epistemological beliefs?
To understand the roles of metacognitive self-regulation, personal epistemological

beliefs, and approaches to learning in predicting whether students could demonstrate idea
improvement, logistic regression analysis was conducted in this study. The results showed that
metacognitive self-regulation and the development/justification dimension of personal
epistemological beliefs made a significant contribution to the prediction of students’
performance, whereas the types of learning approaches students hold and the source/certainty
dimension of personal epistemological beliefs did not make a significant contribution to the
prediction.
Self-report questionnaires measuring the aforementioned constructs were distributed two
times throughout the study (at the beginning and toward the end of the study). Dependent t-tests
for within-group comparisons of pre-post values were conducted to understand whether students’
metacognitive self-regulation strategies, personal epistemological beliefs and their approaches to
learning changed over time throughout the study. The findings indicate a statistically significant
change over time in students’ beliefs about source and certainty of knowledge, whereas no
statistically significant change was evident in students’ metacognitive self-regulation strategies,
their approaches to learning, and their beliefs about justification and development of ideas. These
findings are discussed in the following sections.
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5.2.1 Metacognitive Self-Regulation
Various ways of providing external supports for higher order cognitive processes
including metacognitive activities have been widely discussed in the literature (Scardamalia &
Bereiter, 1991). Metacognition has been supported in knowledge-building environments to
advance the knowledge of community, and different ways of doing so have been suggested by
researchers. For example, in Zhang and Sun’s (2011) study, students were engaged in
metacognitive discussions to reflect on their idea improvement instead of only individual
learning. In recent work by Cesareni et al. (2016), metacognitive reflections such as evaluations
of process were used to contribute to the group discourse. Students who took scripted roles
specifying the kinds of actions related to collaborative learning accepted responsibility for the
collaborative knowledge-building process. Resendes, Scardamalia, Bereiter, Chen, and
Halewood (2015) explored types of pedagogical supports regarding group knowledge building
that could be effective in promoting meta-discourse. These studies, like many others, have
contributed to the efforts of understanding knowledge-building process at the group level and
how that process could be supported with metacognitive tools.
Despite much progress in analyzing knowledge building, fewer studies have explored
knowledge-building in connection with both collective processes and individual gains (Zhao &
Chan, 2014). The current study has contributed to the literature by proposing a link between
students’ metacognitive self-regulation and their individual performance in idea improvement.
The findings of the study show that metacognitive self-regulation appears to be an important
factor that can be used in predicting student's’ individual performance in idea improvement in
the setting where the study was conducted. It is also indicated that students’ metacognitive selfregulation strategies did not change over time during the study. The findings suggest that the
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level of metacognitive self-regulation students possess before the implementation of knowledgebuilding activities is a determinant in predicting students’ performance in idea improvement.
As discussed earlier, some important regulative actions such as monitoring idea
improvement process or evaluating one’s own learning did not emerge in the groups’ learning
activities. Metacognitive tools have been developed to help students perform such regulative
actions, and the importance of using metacognitive tools in fostering epistemic agency has been
shown in the literature (e.g., Bielaczyc & Ow, 2014). However, the role of such tools in
improving students’ metacognitive self-regulation in the long term has not been explored
extensively. We need evidence that shows whether students perform the regulative actions as
long as the metacognitive tools are made available to students by technology in knowledgebuilding environments. If students continue to perform the regulative actions as the
metacognitive scaffolds are removed gradually, we can conclude that such metacognitive tools
are useful in improving metacognitive skills. Otherwise, when students graduate and stop using
computer-supported collaborative learning environments providing metacognitive scaffolds, they
will not be able to regulate their own learning or idea improvement process, which might lead to
failure in contributing to knowledge-building efforts in their future profession. Therefore, there is
a need to explore knowledge building in connection with both collective processes and
individual gains.
Among four groups, three groups demonstrated idea improvement in the study. When
group members’ individual performances were investigated, it was revealed that out of four
members in each group, three members demonstrated idea improvement. In other words, groups’
performances in idea improvement did not reflect all of their members’ individual performances.
One member from each group appears to have not taken up their group’s ideas. According to
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Stahl (2015), shared understanding among people (or intersubjectivity) is achieved when they
participate productively in a joint meaning-making discourse. A group’s understanding may be
different from any individual member’s understanding when not interacting within the group
(Stahl, 2015). By interpreting the result from this point of view, one might think that the students
who did not demonstrate idea improvement at the individual level might have not participated
productively in joint meaning-making process within the group. Productive interaction occurs
when knowledge construction entails not only (joint) actions that contribute to shared goals, but
also actions directed toward the construction and progress of the knowledge objects (Damsa,
2014). The students who did not demonstrate idea improvement might have contributed to the
joints efforts of generating ideas, creating joint plans of actions to test ideas, collecting additional
information, examining and interpreting research data, and sharing information or ideas with
other groups. However, these students might not have participated effectively in the efforts of
improving ideas. To better understand why students did not take up their own group’s idea,
further investigations are necessary. Damsa (2014) proposed a multi-layered analysis that can be
adapted in the next iteration of the current study. The analysis includes—in addition to
identifying actions that emerge in a learning setting—conducting an analysis of interactions
“with a focus on how interactions generate new actions, which can consequently influence and
affect the developing objects” (Damsa, 2014, p. 258). This type of analysis also allows us to
identify key actions that trigger subsequent actions and lead to idea improvement. Therefore, the
analysis of interactions can also be conducted to see whether there is a link between improving
ideas and examining ideas shared by other groups, which was mentioned in the previous section.
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5.2.2 Personal Epistemological Beliefs
Confer et al. (2004) proposed four dimensions of personal epistemological beliefs:
source, certainty, development, and justification. Based on the confirmatory factor analysis
results, these four dimensions were grouped under two higher categories: source/certainty, and
development/justification. The results show that the development/justification category of
personal epistemological beliefs made a significant contribution to the prediction of students’
performance, whereas the source/certainty category of personal epistemological beliefs did not
make a significant contribution to the prediction. It is also indicated that beliefs associated with
the source/certainty category changed over time, whereas beliefs associated with the
development/justification category did not change throughout the study
The source/certainty category reflects beliefs about knowledge residing in external
authorities (e.g., “whatever the teacher says in science class is true”). This category is also
concerned with whether there is only one answer to problems in science (e.g., “all questions in
science have one right answer”). The students who participated in the current study exhibited a
change from naïve epistemological beliefs (e.g., truth is known for certain, only scientists know
for sure what is true in science) towards sophisticated epistemological beliefs (e.g., knowledge is
deeply uncertain, truth can be known through experimenting) as indicated by the finding that
beliefs associated with the source/certainty category changed over time throughout the study.
This change signals a positive effect of participating in knowledge-building activities on
students’ epistemological understanding. This finding is consistent with other studies in the
literature (Chuy et al., 2010; Forrester, 2006; Lam & Chan, 2008). In the project, the students
who participated in this study not only consulted external authorities such as physicians, but also
constructed data collection instruments and gathered data from various sources such as antibiotic
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consumption statistics published by the World Health Organization. Communicating with
different data sources to collect relevant information might have facilitated improvement in the
students’ epistemological beliefs about source of knowledge. In addition, the students had the
opportunity to see other groups’ ideas and research data, which helped them see multiple
perspectives and possibly different answers to the problem they worked on. This type of
experience might have contributed to the change in the students’ beliefs about the certainty of
knowledge.
Following the same line of reasoning, a possible effect of the change in students’ beliefs
about certainty of knowledge on idea improvement might be proposed. As mentioned earlier,
students who hold sophisticated epistemological beliefs about certainty of knowledge think that
truth cannot be known for certain and that questions may have more than one right answer. The
change toward sophisticated epistemological beliefs makes students more open to other
perspectives or ideas and more willing to compare their own ideas with other ideas. This recalls
the discussion about a possible link between improving ideas and examining ideas shared by
other groups. Phrased in a different way, students whose beliefs changed toward sophisticated
epistemological beliefs might have been more interested in other perspectives or ideas over time,
which in turn might have influenced students’ performance in idea improvement during the
course of the study. However, such effect of the change in beliefs about certainty of knowledge
on idea improvement was not found statistically significant in the logistic regression analysis.
This result might be explained with the data used for the analysis. The data collected before the
knowledge-building activities began were used for the analysis. However, the change in question
occurred after the activities started. Therefore, the logistic regression analysis conducted with the
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data collected before the study began does not have power to measure a possible effect of the
change that occurred after the study started.
Despite much progress in analyzing changes in epistemological beliefs over time, a
possible contribution of personal epistemological beliefs to idea advancement has not been
explored enough. The current study has contributed to the literature by proposing a link between
students’ individual performance in idea improvement and their personal epistemological beliefs
about justification and development of ideas. This finding is not enough to understand how
epistemological beliefs influence productivity in collaborative problem solving toward idea
improvement, but it sets a ground for further investigation. Students who hold sophisticated
epistemological beliefs about development of ideas (e.g., “Sometimes scientists change their
minds about what is true in science”) recognize science as an evolving subject and recognize that
theories can change over time. As mentioned earlier, they are open to alternative ideas or
theories by considering the possibility that their knowledge claims may be replaced with other
knowledge claims when new evidence become available. Students acting under the guidance of
these types of beliefs may work seriously to collect additional evidence to challenge or support
their ideas and participate productively in a joint meaning-making within their groups. Their
productive participation in group discussions may in turn help them internalize their group’s
understanding, which leads to idea improvement. This line of reasoning should be further
investigated.
5.3 Implications for Practice
One general implication is for teachers to give more extensive consideration to the
actions that emerged in the study while designing learning activities. A key focus in the study
was on actions indicative of shared epistemic agency in knowledge building. While students
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perform these actions in a learning environment, the focus is primarily on the end result
produced by those actions (i.e., idea advancement in knowledge building) rather than the action
itself. Because of outcome or end-product oriented assessment systems in schools, it is not
surprising that epistemic and regulative actions that helped with development of final products
are given little consideration. With this in mind, it might be helpful for teachers to think more
extensively about ways that encourage students to perform these actions so that they can act as
epistemic agents. For example, the actions that emerged in the study can be placed at the center
of the process of selecting learning technologies. Emerging technologies whose affordances
support the emergence of those actions can be integrated into learning activities. For instance,
K-12 social learning platforms can be used for supporting collaboration and information sharing
within and between groups, blogging platforms can be used for making ideas available to others,
and RSS feeds can be used for easily viewing other groups’ ideas.
Implications for Design
The main motivation behind exploring shared epistemic agency in knowledge-building
environments was to examine actions performed by a group of students as epistemic agents.
Being able to identify actions indicative of shared epistemic agency helps teachers new to
knowledge-building pedagogy to concretize the abstract concept of epistemic agency. Epistemic
and regulative actions that emerged in the current study give some ideas about what to expect
from middle school students, who are new to knowledge-building pedagogy as well, when they
work on knowledge problems. Implementing knowledge-building learning activities in a setting
where both students and teachers are new to the pedagogy is very complex and challenging task.
Based on the actions emerged in this study, an activity flow called KB Activity Flow (Figure 10)
was developed to help teachers in implementing knowledge-building activities.
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Figure 10. KB Activity Flow
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The KB Activity Flow was designed in a way to cover most of the actions that emerged
in the study except the following two actions: Using feedback constructively and adjusting the
group’s current strategy. These two actions were not adapted to the activity flow because their
emergence is related to the occurrence of other conditions. For example, the condition for
students to be able to use feedback constructively is to receive feedback from their peers or
someone more knowledgeable from them. Similarly, a need should arise for groups to adjust
their current strategy. Since there is no guarantee that such conditions occur while groups work
on knowledge problems, these two actions were not considered while developing the activity
flow. Each step in the activity flow represents an action and the sequence of the actions is the
same with that of actions performed by the groups in the current study. For example, the groups
in the study first generated ideas and then created joint plan of actions to test their ideas. Once
the groups created a plan to test ideas, they constructed a data collection instrument and gathered
data using the instrument. Therefore, generating ideas, creating joint plan of actions,
constructing data collection instrument, and collecting additional information are the first four
steps of the KB Activity Flow.
Teachers can use this activity flow to design knowledge-building activities. It is
suggested to design a separate activity for each step in the activity flow. For example, the first
activity should be designed in a way to encourage students to generate their initial ideas
regarding the knowledge problem they work on. Similarly, the fifth activity should be designed
in a way to guide students in performing the action indicated in the fifth step of the KB Activity
Flow. Designing separate activities for each step in the activity flow is very important because
students work in groups and each group may want to follow a different path in solving
knowledge problems. In this case, teachers may have to design different activities for different
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groups even though they perform the same epistemic or regulative action. For example, in the
event that one group decided to administer a questionnaire and the other group planned to
conduct an experiment to gather data in the second activity suggested by the KB Activity Flow,
the groups would follow different data collection procedure in the fourth activity even though
both groups performed the same epistemic action, collecting additional information. Since it is
not possible for teachers or designers to predict all groups’ decisions affecting next activities
beforehand and act accordingly, designing all activities in accordance with the KB Activity Flow
before groups start working on knowledge problems is not an appropriate way to design learning
activities for unstructured learning environments. Since knowledge-building environments are
very dynamic and unstructured learning environments, waiting until outcomes of an activity are
available and then designing the next activity considering the outcomes is a suggested design
approach to be followed.
Since the KB Activity Flow was developed considering the actions that emerged in this
study, it is context-bound, and it might not be a good fit to other contexts. It can, however, still
be used in other contexts as an initial guidance for designing learning activities. This activity
flow only recommends which epistemic or regulative action be placed at the center while
designing a certain activity and in which sequence these actions be performed by students.
Phrased in a different way, it only provides scaffolds that help teachers structure learning
activities in a way for students to perform the actions in the order that the groups in this study
operated. Structuring learning activities in accordance with the KB Activity Flow will help
teachers see how students perform the actions and what challenges or achievements arise
throughout the process. It is highly recommended to use results of the first implementation of
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learning activities in generating scaffolding plan of progressively increasing student
responsibility and progressively decreasing external structure.
The KB Activity Flow does not tell anything about contextual factors or suggest what
contextual factors should be taken into account while designing learning activities. Decisions
related to contextual factors possibly affecting students’ learning in a knowledge-building
environment are left up to teachers.
5.4 Implications for Research
This study suggests two general implications for further research. First, productive
participation in a joint meaning-making discourse is seen as prerequisite for shared
understanding to occur among people. According to Damsa (2014), in addition to joint actions
contributing to shared goals, the emergence of actions directed towards the construction and
progress of knowledge objects is also crucial for productive interaction to occur. In this study,
joint actions performed by the groups were at the focus. The actions indicative of shared
epistemic agency that emerged in the groups’ knowledge-building activities were explored.
However, actions important for idea improvement were not investigated specifically in the study.
Identifying key actions that trigger subsequent actions and lead to idea improvement helps us
understand what types of interactions exist between actions. For example, examining other
groups’ ideas and improving ideas are the two actions that appear to be related, but there is not
yet enough evidence to support this argument. Being able to establish such links between actions
would provide a better understanding of the groups’ dynamics and their effect on individual
gains or performances in idea improvement. In the current study, three groups demonstrated idea
improvement, but one member in each of these groups did not show idea improvement. These
members basically did not take up their group’s ideas. According to Stahl (2015), a group’s
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understanding may be different from any individual member’s understanding when not
interacting within the group. By interpreting the result from this point of view, we might
conclude that the students who did not take up their group’s idea might have not participated
productively in joint meaning-making process within the group. Unfortunately, these analysis
results do not allow for understanding of interaction patterns among group members or support
whether or not the students who did not demonstrate idea improvement did not participate
productively in joint meaning-making. Therefore, (1) interaction patterns among group members,
and (2) key actions that trigger subsequent actions or lead to idea improvement should be further
investigated.
Furthermore, a link between students’ individual performance in idea improvement and
their personal epistemological beliefs about justification and development of ideas is proposed
by the current study. However, the findings do nt help educators understand how these
epistemological beliefs influence students’ performance in idea improvement. Since all learning
activities took place at the group level, students’ individual performances in idea improvement
are expected to be related to the group activities they participated in. This means that students’
personal epistemological beliefs may have a role in their productive participation in group
activities, which in turn may influence students’ individual performance in idea improvement.
Further investigations are necessary to reveal how epistemological beliefs about justification and
development of ideas contribute to students’ productive participation in joint meaning-making
processes within groups.
5.5 Conclusion
In summary, this research contributes to the expanding body of work regarding epistemic
agency in knowledge building. In particular, this case study explored shared epistemic agency in
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the context of knowledge-building activities of middle school students. Central to this
exploration has been understanding what actions that are indicative of shared epistemic agency
emerged in a middle school context. Thirteen epistemic actions and two regulative actions were
identified. In addition, the role of metacognitive self-regulation strategies, personal
epistemological beliefs and learning approaches in students’ idea improvement was investigated.
Significant contribution of personal epistemological beliefs and metacognitive self-regulation
strategies to students’ individual performance in idea improvement was found.
Methodologically, a grounded theory approach was used to analyze qualitative data and identify
actions indicative of shared epistemic agency. Logistic regression analysis was conducted to
understand effects of metacognitive self-regulation strategies, personal epistemological beliefs,
and learning approaches on students’ individual performance. In terms of future research, this
work encourages further investigations of the interactional processes that may reveal (1)
interaction patterns among group members, (2) key actions that trigger subsequent actions or
lead to idea improvement, and (3) how epistemological beliefs about justification and
development of ideas contribute to students’ productive participation in joint meaning-making
processes within groups.
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Appendix A
Self-Report Items Used to Measure Approaches to Learning
Deep Approach














Studying tends to give me a feeling of deep personal satisfaction.
I find that I have to do enough work on a topic so that I can form my own opinions and
understandings before I am satisfied.
I feel that almost any topic can be interesting once I get into it.
I find most new topics interesting and often spend extra time trying to obtain more
information about them.
I find that studying academic topics can sometimes be as exciting as a listening to a good
story or a seeing a good movie.
I test myself on important topics until I understand them completely.
I work hard at my studies because I find the materials interesting.
I spend a lot of my free time learning more about interesting topics which have been
discussed in different classes.
I come to classes with questions about what I am learning. I want to have answers to
these questions so I can better understand what I am learning.
I make an effort to do some extra reading (by myself) about the topics that teacher
lectures on in class.
While I am studying, I often think of real life situations to which the material that I am
learning would be useful.
I try to relate what I have learned in one subject to that in another.
I try to relate new material, as I am reading it, to what I already know on that topic.

Surface Approach











My aim is to pass the course while doing as little work as possible.
I only study seriously what is given out in class or is in the course outlines.
I do not find my course very interesting so I keep my work to the minimum.
I learn some things by just memorizing, going over and over them until I know them
automatically even if I do not understand them.
I find I can get by in most assessments by memorizing key sections rather than trying to
understand them.
I generally restrict my study to what is specifically set as I think it is unnecessary to do
anything extra.
I find it is not helpful to study topics in depth. It confuses and wastes time, all you need is
basic knowledge about the topics.
I see no point in learning material which is not likely to be in the examination
I find the best way to pass the examinations is to try to remember answers to likely
questions.
I believe that the college teachers shouldn’t expect students to spend a lot of time
studying material everyone knows won’t be examined.
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Appendix B
Self-Report Items Used to Measure Epistemological Beliefs
Source
 Everybody has to believe what scientists say.
 In science, you have to believe what the science books say about stuff.
 Whatever the teacher says in science class is true.
 If you read something in a science book, you can be sure it’s true.
 Only scientists know for sure what is true in science.
Certainty
 All questions in science have one right answer.
 The most important part of doing science is coming up with the right answer.
 Scientists pretty much know everything about science; there is not much more to know.
 Scientific knowledge is always true.
 Once scientists have a result from an experiment, that is the only answer.
 Scientists always agree about what is true in science.
Development
 Some ideas in science today are different than what scientists used to think.
 The ideas in science books sometimes change.
 There are some questions that even scientists cannot answer.
 Ideas in science sometimes change.
 New discoveries can change what scientists think is true.
 Sometimes scientists change their minds about what is true in science.
Justification
 Ideas about science experiments come from being curious and thinking about how things
work.
 In science, there can be more than one way for scientists to test their ideas.
 One important part of science is doing experiments to come up with new ideas about how
things work.
 It is good to try experiments more than once to make sure of your findings.
 Good ideas in science can come from anybody, not just from scientists.
 A good way to know if something is true is to do an experiment.
 Good answers are based on evidence from many different experiments.
 Ideas in science can come from your own questions and experiments.
 It is good to have an idea before you start an experiment.
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Appendix C
Self-Report Items Used to Measure Metacognitive Self-Regulated Learning













During class time I often miss important points because I am thinking of other things.
When reading for this course, I make up questions to help focus my reading.
When I become confused about something I’m reading for this class, I go back and try to
figure it out.
If course materials are difficult to understand, I changed the way I read the material.
Before I study new course materials thoroughly, I often skim it to see how it is organized.
I asked myself questions to make sure I understand the material I have been studying in
this class.
I try to change the way I study in order to fit the course requirements and instructor’s
teaching style.
I often find that I have been reading for class but don’t know what it was all about.
I try to think through a topic and decide what I am supposed to learn from it rather than
just reading it over when studying.
When studying for this course I try to determine which concepts I don’t understand well.
When I study for this class, I set goals for myself in order to direct my activities in each
study period.
If I get confused taking notes in class, I make sure I sort it out afterwards.
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Appendix D
Construct Validity and Reliability of Epistemological Beliefs Questionnaire (EBQ)
D.1 Construct Validity of EBQ
To ensure that the dimensions that are the focus of EBQ are measured with the proposed items,
confirmatory factor analysis (CFA) was conducted. For the data analysis, the 5-point Likert scale
used in the questionnaire is considered to be continuous (see Section 3.3.2.2.1 for details). The
items of the Source and Certainty dimensions were recoded first so that higher scores represent
more sophisticated epistemological beliefs. Then, the data was screened to detect missing data
and outliers.
D.1.1 Data Screening
The data was first screened to identify missing values. Out of 118 cases, 10 missing
values were detected. All cases having a missing value were deleted from the data. The second
attempt in screening the data was to examine the KMO statistic to see whether the correlation
matrix is proper for factor analysis. According to Kaiser (1974), values greater than 0.5 are
barely acceptable. The value for EBQ questionnaire data is 0.887, which falls into the range of
being great (values between 0.8 and 0.9), and so we should be confident that the correlation
matrix is proper for factor analysis.
The third attempt was to check the univariate and multivariate normality. Table 35
presents univariate summary statistics and a test of multivariate normality statistics. From the
univariate statistics provided in Table 35, neither extreme skewness (>3) nor extreme kurtosis
(>10) is detected. However, concern arises when standard score values (skewness or kurtosis
statistic divided by its standard error) are checked. Standard score values of I1, I3, I4, I5, I6, I7,
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I8, I9, I11, I13, I14, I17, I18, I20, I22, I24, I25 and I26 for skewness are greater than z=│3.29│
(p<.001, two-tailed test) (Tabachnick & Fidell, 2007). Similarly, standard score values of I5, I9,
I17 and I26 for kurtosis are greater than z=│3.29│. These results show the violation of the
univariate normality. Similar conclusion is reached when multivariate normality statistics are
examined (see Table D.2). χ2 = 288.857, p=0.000 (<.05) for skewness; χ2 = 833.567, p=0.000
(<.05) for kurtosis. These results show statistical significance for both skewness and kurtosis,
which means that the assumption of multivariate normality is violated.
Table 35
Univariate Summary Statistics for EBQ Items
Item
Mean
Std. Deviation
I1
I2
I3
I4
I5
I6
I7
I8
I9
I10
I11
I12
I13
I14
I15
I16
I17
I18
I19
I20
I21
I22
I23
I24

3.91
3.65
3.92
3.77
4.11
3.94
2.53
3.69
4.04
3.47
3.85
3.95
3.96
3.97
3.23
3.31
3.93
3.98
3.69
3.68
3.67
3.98
3.45
3.85

1.055
1.079
1.078
1.165
.970
1.109
1.123
1.131
.946
1.139
1.012
1.122
1.102
1.123
1.056
1.106
.993
1.041
1.172
1.206
.897
1.068
1.155
.895

Skewness
Statistics
-1.077
-.574
-1.293
-.800
-1.416
-1.019
.777
-.871
-1.355
-.432
-.963
-.756
-.994
-1.317
-.333
-.212
-1.369
-1.026
-.481
-.847
-.555
-1.183
-.367
-.899

SE
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233
.233

Kurtosis
Statistics
.878
-.309
1.424
-.161
1.994
.446
-.106
.123
2.002
-.467
.750
-.516
.298
1.195
-.471
-.818
1.934
.539
-.766
.015
-.710
1.042
-.710
.998

SE
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
.461
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I25
I26

3.76
4.22

1.058
1.017

-1.094
-1.602

.233
.233

.995
2.350

.461
.461

Table 36
Test of Multivariate Normality for Continuous Variables
Value

Skewness

Z-Score

288.857 20.220

P-Value

0.000

Value

Kurtosis

Z-Score

833.567 8.940

P-Value

0.000

Skewness and Kurtosis

Chi-Square

488.761

P-Value

0.000

To deal with nonnormality for continuous variables, robust ML which produces SatorraBentler chi-square statistic was used while conducting CFA. To be able to run robust ML,
covariance matrix and asymptotic covariance matrix were analyzed using Lisrel 8.8.
D.1.2. Confirmatory Factor Analysis of EBQ
To identify the number of factors emerging in the data, the original 4 factor 26-indicator
CFA model was tested first. Test results indicated a perfect correlation between the source and
the certainty dimensions (r=1.00) and high correlation between the justification and the
development dimensions (r=.938). Taking these high correlations into account, the following
models were also tested: 3 factor 26-indicator CFA model including the source/certainty,
development and justification dimensions, and 2 factor 26-indicator CFA model consisting of the
source/certainty, and development/justification factors. In the 3 factor 26-indicator model the
source and certainty dimensions of the original model were merged into one dimension labelled
as source/certainty. In the 2 factor 26-indicator model, in addition to the source/certainty
dimension, the justification, and development dimensions were merged into one dimension
labelled as development/justification. Table 37 presents minimum fit chi-square and SatorraBentler scaled chi-square statistics of these models.
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Table 37
Model fit statistics for 4 factor, 3 factor, and 2 factor CFA models
Model

Normal Chi-Square

Satorra-Bentler Scaled Chi-Square

3 factor 26-indicator

456.182

339.753

4 factor 26-indicator
2 factor 26-indicator

454.237
470.083

Df

338.963

293

350.175

298

296

Because the original model and the 3 factor model are nested, chi-square difference test
using the Satorra-Bentler chi-square statistics was performed, and the following results were
obtained: Satorra-Bentler scaled difference = 1.2185, df = 3, and p (chi-square probability) =
0.7486. Since this chi-square difference test is not statistically significant, there is no statistically
significant difference between 4 factor and 3 factor models. Therefore, the more constrained
model, which is 3 factor model, fit the data better. The next step was to perform chi-square
difference test using the Satorra-Bentler chi-square statistics to understand if 3 factor model fit
the data better compared to 2 factor model. The test statistics (Satorra-Bentler scaled difference =
10.65, df = 2, p=0.004 <.01) shows that the difference test is statistically significant, concluding
that the less constrained model, 3 factor model, fit the data better compared to 2 factor model.
Once the 3 factor model was identified as the best model, its component fit was assessed.
According to Stevens (2009), only loadings which are about .40 or greater can be used for
interpretation purposes. Table 21 shows that there is only one item with factor loadings below
.40, which is I7. In addition, it was also checked whether items have significant factor loadings.
Items with absolute t value greater than 2.0 are considered significant. Table 38 shows that there
is not any item with absolute t value less than 2.0, which indicates all items have significant
factor loadings.
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Table 38
Standardized parameter estimates and t-values for the measurement model
Item
I1
I2
I3

Source/Certainty

Factor
Loading
0.580
0.690

R2

t

0.336

6.173

0.476

I6
I7
I8
I9

0.700
0.294

0.490
0.087

2.899

0.566

0.320

6.129

I12

0.650

0.423

7.183

I13
I14
I15
I16
I17
I18
I19
I20
I21
I22

0.682
0.585

0.709
0.717

0.465

0.342

0.503

0.514

R2

t

0.723

0.522

8.856

0.676

0.457

6.947

7.144

I10
I11

Factor
Loading

7.215

I4
I5

Development

0.486

0.236

4.103

0.854

0.729

8.149

0.703

0.494

6.689

7.664

6.524

9.134
8.292

Justification

Factor
Loading

R2

t

0.801

0.642 7.189

0.713

0.508 6.353

0.858

0.736 7.831

0.763

0.582 7.659

0.855

0.731 8.910

0.709

0.503 7.287

0.763

0.582 7.023
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I23

0.691

I24

0.477

8.185

I25

0.824

I26

0.679

8.237

0.782

0.612 7.812

0.830

0.689 7.106

For a more specific examination of component misfit, the modification indices (MIs) and
standardized expected parameter change (SEPC) for model modification were investigated.
Table 39 shows that I7 and I15 cross-load on both development and justification factors, and that
these items have negative SEPC values, which might be related to low factor loadings. Since
SEPC values for cross-loadings are negative, these items were deleted from the data.
Table 39
Selected Modification indices
Source/Certainty

I7

I15

--

--

MI

Development

20.109
7.740

SEPC

-0.442
-0.221

MI

Justification

24.963
10.431

SEPC

-0.484
-0.221

As a consequence, the CFA model was re-specified with these items deleted. The respecified 3
factor 24-indicator model was then tested, and the goodness-of-fit statistics presented in Table 40
were obtained.
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Table 40
Selected Goodness-of-fit statistics: Re-specified model (3 factor 24-indicator)
Statistic

Root Mean Square Error of Approximation
(RMSEA)
Comparative Fit Index (CFI)
Standardized RMR

Value

Cutoff criterion

0.011

A value < 0.06 (Byrne, 1998)

0.999

A value > 0.95 (Hu & Bentler, 1999)

0.058

A value < 0.08 (Hu & Bentler, 1999)

In reviewing of the statistics along with their cutoff criterion, we can see that the respecified
CFA model fits to the data well. The results presented above indicate that the 3 factor 24indicator model fits the data better.
D.2 Reliability of EBQ
The Cronbach Alpha reliability coefficients were calculated to test internal consistency of
the initial measurement model. In the reliability analysis, values greater than .70 are accepted
satisfactory (Nunnally, 1978). The analysis results show that all Cronbach alpha values of the respecified model, 0.864 for Source/Certainty, 0.843 for Development and 0.932 for Justification,
exceed the cutoff point (.70). The results are presented in Table 41.
Table 41
Factor name, model, number of items and Cronbach Alpha reliability coefficients of Factors
Factor Name

Items

Source/Certainty

1,2,6,10,12,16,19,20,23

Justification

3, 5, 9, 11, 14, 18, 22, 24, 26

Development

4, 8, 13, 17, 21, 25

Number of
Items

Cronbach
Alpha

6

0.843

9

9

0.864

0.932
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