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Abstract
One main obstacle for instructors in inviting students to design knowledge construction is 
the tension between prioritizing students’ ideas and maintaining the scientific validity of 
the activity. In this study, as a way of supporting students in shaping their own knowledge 
construction, the establishment of an audience for knowledge was enacted in a knowledge 
construction activity in a biology course. Applying the multiple case study method, this 
study aimed to explore whether and how the establishment of an audience for knowledge 
can support students’ shaping of knowledge construction that is both scientifically valid 
and meaningful to students. The recordings of 26 student discussions and student-produced 
artifacts were analyzed as the main data sources. Student-created audiences and the epis-
temic features of knowledge construction processes were identified, and how the establish-
ment of the audience did or did not support students’ knowledge construction was inferred. 
The analysis revealed that the students first explicated their epistemic goals by creating 
audiences as persons who hold students’ uncertainties and then designed processes to 
resolve these uncertainties. This indicates that the created audiences could explicate the 
object orientation of student activities, serving as the central axis in the students’ subse-
quent shaping of the process to construct knowledge that is meaningful to themselves. 
However, the activity had limited value in supporting the students’ plans for scientifically 
valid knowledge construction. The instructional strategies that are needed to support stu-
dents in maintaining scientifically valid plans in practice are discussed. This study has ped-
agogical implications for the development of instructional strategies to support students’ 
epistemic agency as they engage in shaping their own knowledge construction.
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Introduction

Facilitating students’ active participation in knowledge construction in the science class-
room has been a central issue in science education. This issue has been further focalized by 
the attention given to scientific practices in the Next Generation Science Standards. Within 
this movement, as focusing on students’ practices for learning in the science classroom, 
students’ epistemic agency, which can be described as their capacity to shape knowledge 
and knowledge construction activities in the science classroom, has been discussed (e.g., 
Miller et al., 2018).

Studies (e.g., Miller et al., 2018; Stroupe et al., 2018) have identified students’ epistemic 
agency in their activation of cognitive and sociocultural resources and their contribution to 
the development of knowledge. Although the focus has primarily been on the activation of 
resources, another important aspect of agency is an agent’s pursuits of their own purposes. 
“Actions” in an activity are organized and enacted according to an object, and object-ori-
entedness provides the actions’ meaning (Engeström, 1987). Consistent with this discus-
sion, scientific practices refer to a set of performances and interactions that are accepted 
in scientific communities to achieve the goal of better explaining the natural world (Ford, 
2015). This notion indicates that to support students in their positioning as epistemic 
agents, their recognition of objects for their actions matters. When teachers design class-
room activities to facilitate students’ epistemic agency, the objects for students’ practices 
are often predetermined (Reiser et al., 2017). Students are expected to be motivated by a 
question that a teacher raises, align their objects with those designated in the activity, and 
activate their resources to achieve the objects. However, discussion is lacking on whether 
students are motivated in this type of curriculum and how students can shape knowledge-
constructing activities in the science classroom. To support students in being positioned 
as epistemic agents, more discussion is needed on instructional strategies that can support 
students in contriving objects of knowledge construction and in shaping their own activi-
ties in the science classroom.

There are many concerns that surround inviting students to contrive objects of knowl-
edge construction. A main concern is whether students can construct scientifically mean-
ingful activities (Stroupe et al., 2018). Looking for the key aspect of classroom activities 
that can support students’ construction of activities, the current study attended to the audi-
ence for knowledge. An audience for knowledge refers to those for whom the knowledge 
is produced, which means that the audience is the person to whom the knowledge should 
be persuasive. The existing studies about an audience for knowledge (e.g., Berland et al., 
2016) indicate that in evaluation-focused classrooms, students learn knowledge to achieve 
higher grades, and the audience for knowledge that students produce is considered to be 
teachers. In contrast, in classrooms that enact sense-making activities that explore pre-
determined questions, students are expected to be the audience for the knowledge. In the 
scientific community, scientists produce knowledge in particular ways so that the knowl-
edge can be persuasive to other scientists, but the audience is not limited to only scientists 
(Myers, 2003). Public members in a variety of social sectors can participate in the dis-
cussion and influence scientific development, which provides various rationales for scien-
tific research (Myers, 2003). This indicates that audiences of scientific knowledge are key 
sources that produce epistemic goals for scientists to expand knowledge about the natural 
world. Reflecting this aspect of scientific work indicates the potential for an explicit estab-
lishment of audiences other than students as a possible method of instructional design that 
could motivate students to produce evidence-based knowledge.
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Then, when students are invited to do so, can the establishment of an audience support 
students’ shaping of knowledge construction? By answering this question, this study aims 
to contribute to the development of instructional strategies that invite students to construct 
epistemic activities and form motivations for their own activities in science classrooms. 
The specific research questions of this study are as follows: When students are asked to 
establish an audience for knowledge, (a) (how) does the establishment of an audience sup-
port knowledge construction that is meaningful to the students? (b) (How) Does the estab-
lishment of an audience support scientifically meaningful knowledge construction?

Background of the Study

This study draws on the construct of epistemic agency (Miller et al., 2018) and views one 
primary goal of science education as supporting students’ positioning as agents who shape 
their own knowledge and knowledge construction activity. In addition, by drawing on the 
practical epistemology perspective (Berland et al., 2016; Sandoval, 2005), this study views 
that students enact their epistemic ideas of their own knowledge construction processes and 
that students’ epistemic goals and epistemic ideas can be inferred from their participation 
and discourse to construct knowledge.

Epistemic Agency in the Science Classroom

Shifting the goal of science education from learning content knowledge to making sense 
of natural phenomena through participation in practices has been widely advocated (e.g., 
National Research Council, 2012). In a classroom with such a goal, students are expected 
to position themselves as epistemic agents who construct valid knowledge to figure out 
the natural world through practices that reflect scientific practices (González-Howard & 
McNeill, 2020). Epistemic agency is defined as “students being positioned with, perceiv-
ing, and acting on, opportunities to shape the knowledge building work in their classroom 
community” (Miller et al., 2018, p. 1058) and is described as being opposed to the pas-
sive recipients of information in the traditional classroom. To facilitate students’ epistemic 
agency in the science classroom, studies have discussed that instructional support is needed 
for students to adapt scientific practices (González-Howard & McNeill, 2020), engage in 
knowledge construction, and build the knowledge construction process (Ko & Krist, 2019; 
Miller et al., 2018; Reiser et al., 2017).

This study aims to contribute to the development of pedagogies to support students’ 
epistemic agency by focusing on the object-orientedness of epistemic agents’ activation 
of resources in knowledge construction activities. The construct of epistemic agency that 
this study draws on is based on the sociocultural literature that places human actions within 
social structures and conceptualizes agency as the actors’ ability to activate their resources 
to achieve their goals (Engeström, 1987; Holland et  al., 1998). In brief, Holland et  al. 
(1998) developed the notion of agency in relation to agents’ identities and described agents 
as activating their resources with the goal of constructing positive selves through their 
activities. Engeström (1987) more explicitly delineated agents’ purposes for their actions. 
He suggested that the “object-orientedness of action became the key to understanding 
human psyche” and that objects are “carriers of motives” (pp. xiv, xvi). Consistent with 
this discussion, the goal of developing explanations of the natural world is central to char-
acterizing a set of performances and interactions as “scientific” practices (Ford, 2015). An 
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implication that can be drawn from this line of literature is that inviting students to contrive 
epistemic goals for their own knowledge construction can be an instructional strategy to 
support students’ epistemic agency in the science classroom. However, inviting students 
to contrive epistemic goals and shape knowledge construction is not an easy choice for 
instructors because of tensions in designing curricula positioned between the appropriation 
of epistemic features of scientific knowledge construction and prioritizing students’ ideas 
in shaping the knowledge construction process (Stroupe et al., 2018). This indicates that 
more discussions on and development of instructional strategies are needed in science edu-
cation fields to support students’ participation in shaping epistemic activities.

Meaningfulness of Epistemic Goals to the Scientific Community and the Classroom 
Community

The tensions in designing curricula as described in Stroupe et al. (2018) indicate that sup-
port for students’ positioning as epistemic agents in the science classroom entails two 
expectations. One is for students to be able to shape knowledge construction around the 
epistemic goals that they value. Another expectation is for these goals to reflect scientific 
practices, which refers to developing evidence-based explanations of the natural world. In 
Berland et al. (2016), these two expectations were discussed as epistemic goals that “hold 
the actions together as a sensible practice” (p. 1085) and that are meaningful to the class-
room community and scientific community, respectively.

Students’ epistemic goals are enacted in their knowledge construction by using their 
epistemic ideas, which refer to students’ ideas about how and what kind of knowledge is 
justified and evaluated in the science classroom (Berland et  al., 2016; Sandoval, 2005). 
These ideas are multifaceted, encompassing aspects, such as the nature of knowledge, and 
are enacted in students’ practices (Berland et al., 2016; Hammer & Elby, 2002). Among 
the various aspects to which epistemic ideas belong, the current study especially focuses 
on the audience for knowledge aspects. The epistemic ideas of this concern are described 
as answers to the question, “Who will use our knowledge products and how?” (Berland 
et al., 2016, p. 1092). Although students are expected to perceive themselves as audiences 
and knowledge producers in sense-making activities, to the best of my knowledge, this has 
not been empirically examined. This study aims to explore not only how students posit 
the audiences for the knowledge that they produce but also whether and how students can 
meaningfully shape knowledge construction in both senses when a curriculum designed 
with students’ establishment of audiences is enacted in the science classroom.

Method

This study takes the qualitative multiple case study approach (Merriam, 1998) to explore 
the processes and outcomes of students’ activities and identify general patterns regarding 
whether and how the establishment of an audience for knowledge can support students’ 
shaping of knowledge construction.

Participants and Context

The data came from a biology course for non-biology major students offered at a college 
in South Korea. There was no requirement to enroll in the course, and the course covered 
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core concepts in biology. The author of this study worked as an instructor of this course. 
Twenty-eight students enrolled in the course were divided into 12 groups. However, only 
11 groups (26 students) were analyzed in this study because the data collected in one group 
were too limited for analysis. The students were informed of the research, and only the 
work of the students who agreed that their data could be presented is described in this 
study.

Based on the previous literature’s discussion on the necessity of instructional support 
for students to understand scientific practices (González-Howard & McNeill, 2020), the 
course included three aspects to support students’ understanding of scientific knowledge 
construction as follows: (a) Students were introduced to scientific inquiry, as an idealized 
but representative depiction of scientists’ knowledge construction processes (Duschl & 
Grandy, 2008) in the earlier lessons of the course. Representative methods and processes 
of scientific inquiry, such as deductive and inductive scientific inquiry and scientific mod-
eling, were explained with exemplary cases. (b) Scientific argumentation was introduced 
to explain that classroom discussions in this course would evaluate and develop students’ 
knowledge products. (c) An example of scientific knowledge for a specific group of people 
was described—research about lung cancer in female smokers (e.g., Haugen, 2002).

The knowledge construction activity was designed to provide a context for students to 
contrive an audience for knowledge for their subsequent knowledge construction, and the 
literature about opening up the curricula (Ko & Krist, 2019; Miller et  al., 2018; Reiser 
et  al., 2017) was referred to support the students’ epistemic agency in the activity. The 
activity included three phases carried out in one semester. In the first phase, the students 
created audiences for whom they would construct scientific knowledge. It was explained 
that the audience could be specified through various features, such as demographic infor-
mation, behaviors, preferences, and life cycles. Most importantly, the students were guided 
to specify the problems that the created audiences would have and the research questions 
that scientific knowledge could be used to solve. For the content of the activity, the students 
were encouraged to specify research questions relevant to concepts in any fields of biology 
and, instead, focus on contriving the research questions for the created audiences. In the 
second activity phase, the students designed methods of constructing knowledge, including 
data collection and evidence-based knowledge construction for the audiences. By guiding 
the students to construct knowledge that the audiences that they created can accept and use, 
it was expected that the students would use their descriptions of the audiences as criteria to 
evaluate and develop their research methods. In the last phase, the students conducted the 
research as they designed it in the second phase and produced knowledge in the form that 
they thought was suitable for the audiences.

The students worked in groups of two to three people and held discussions via Zoom, 
phone, and Slack. At the end of each phase, whole-class discussions were held, and these 
helped the students refine their audiences and methods of knowledge construction and 
share their work. There was also a mid-phase whole-class discussion during the first phase 
to help the students refine their understandings of what an audience is—the person to 
whom the students deliver the knowledge, not the subject to investigate. Based on this dis-
cussion, the students refined the audiences and epistemic goals that they had created.

Data Collection and Analysis

To collect qualitative data, the group and whole-class discussions were all recorded and 
transcribed. The student-produced artifacts during the activities, the students’ reflective 
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reviews of their activities, and their reports on the process of their activities were collected 
at the end of the semester. During the data analysis, the transcriptions of the students’ 
group discussions and the artifacts produced in each phase were used as primary data, and 
other data were used as auxiliary data.

The collected data were iteratively reviewed first to identify the audiences, the explored 
phenomena, and format the final knowledge product. The data and coding results were ana-
lyzed with the following questions to answer whether and how the audience establishment 
supported knowledge construction that is meaningful to students: Who did the students 
identify as the audiences? Why are the features of the audiences specified in the way that 
they are? (How) Are the specified features of the audiences reflected in the epistemic goals 
and the students’ knowledge construction processes?

To answer whether and how the establishment of an audience supported knowledge 
construction that is scientifically meaningful, the students’ epistemic ideas enacted in their 
activities were coded. The framework for identifying the epistemic ideas was first con-
trived based on the related literature (e.g., Berland et al., 2016; Hammer & Elby, 2002) and 
modified during the analysis (Table 1). Specifically, epistemic ideas in aspects other than 
an audience for knowledge were identified in the following three aspects: (a) What type 
of answers does the knowledge product provide (nature of knowledge)? (b) What sources 
do the students use to justify their knowledge (source of knowledge)? (c) How is the 
knowledge justified (process of justification)? Because the students’ initial plans for their 
activities were different from their actual practices, the epistemic ideas in their plans and 
practices were identified separately. The epistemic goals of the students’ activities were 
identified based on the epistemic ideas and the students’ descriptions of how the knowl-
edge could help their audiences. The final codes are presented in Appendices Table 2 and 
3.

After the coding of each case, the identified epistemic ideas in the nature of knowledge 
and process of justification aspects were compared with the scientific ones—to construct 
evidence-based mechanistic explanations of the natural world. Then, the general patterns 
across the cases regarding the research questions were identified. Especially regarding the 
second research question, changes in the enacted epistemic ideas in the second and third 
phases of the activities were identified and organized in a figure. The influence of establish-
ing audiences on the students’ shaping of scientifically meaningful knowledge construction 
was identified, and possible reasons were inferred for students’ limited practices. The find-
ings were organized with representative cases that could explain the general patterns.

To ensure the validity of the research, I discussed the data coding and analysis results 
with two other researchers and refined the parts on which they did not agree. One of the 

Table 1  Framework for analyzing the epistemic ideas enacted in students’ activities

Epistemic aspects Descriptive questions

Audience of knowledge Who will use the knowledge product and how?
Nature of knowledge What kinds of answers are the knowledge product designed to provide?

What kinds of answers do the knowledge product provide?
Source of knowledge What sources do students plan to use to justify their ideas?

What sources do students actually use to justify their ideas?
Process of justification How are the ideas in the knowledge products designed to be justified?

How are the ideas justified during the students’ activities?
How are the ideas in the knowledge products justified?
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issues concerned the definition of scientific knowledge construction. This issue was raised 
because many groups used a “literature review” as their research method but limited their 
analysis to a repetition of previous studies, despite the emphasis on the construction of 
evidence-based knowledge in the activity. We reached an agreement to view all the stu-
dents’ activities as knowledge construction when they explicated knowledge claims or sug-
gestions for audiences based on data or reasoning that the students contrived themselves. 
Another exemplary issue that was discussed was whether the establishment of an audience 
influenced the students’ shaping of scientifically meaningful activities and whether there 
were other possible influential components of the course curricula on the students’ activi-
ties. The analysis results were refined based on this discussion.

Findings

Support for the Students’ Shaping of Knowledge Construction That Is Meaningful 
to Them

In most of the cases, the audiences that the students created reflected features of themselves 
or the people that they encountered in their daily lives. In addition, audiences were all 
described by stating the knowledge that the students wanted to know. Sometimes, the audi-
ences were specified with situational descriptions that demanded knowledge-based sugges-
tions on daily life matters, which foregrounded rationales for pursuing epistemic goals that 
were interrelatedly constructed. The described audiences’ uncertainties and the rationales 
for holding these uncertainties were those held by the students; thus, the audience con-
struction became the explication of the object that was meaningful to students.

This is explicitly shown in the process of audience creation in a group that said that 
they would construct knowledge for themselves as they “wondered how changes in human 
activities caused by the spread of COVID-19 influenced the environment.” This group first 
set the explored phenomena as “the environment in South Korea that is influenced by the 
spread of COVID-19,” because they interpreted the whom part in the knowledge for whom 
as indicating the subject to investigate (Fig. 1). Subsequently, the original epistemic goal 
constructed in this group was inferred as “to make sense of phenomena.” In the second 
activity phase, the students’ interpretation of the meaning of the audience shifted to the 
people to whom they wanted to deliver the knowledge that they produced, and the audience 
changed to themselves with a unifying characteristic: wondering how changes in human 
activities caused by the spread of COVID-19 influenced the environment. Although this 
group struggled to figure out what audience meant, the process of revising their audience 
showed that the students’ epistemic goal of making sense of phenomena was explicated as 
audiences’ questions and characteristics.

The rationales for constructing knowledge—the epistemic goals of their activities— 
shown in the description of audiences served as the central axis in the students’ subsequent 
shaping of knowledge construction activities. This is well shown in another group, where 
students Jen and Ryu aimed to make sense of people’s different sensitivities to caffeine. 
Their descriptions of the audiences showed where this interest was derived from: Jen, who 
is sensitive to caffeine, and Ryu, who is insensitive to caffeine (Fig. 2). Furthermore, Jen 
and Ryu’s features—such as their sex, age, and life patterns—and the symptoms that they 
experience when they drink coffee were described because the students thought that these 
factors could affect the mechanism underlying the symptoms that they experienced when 
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Fig. 1  Audiences created by Chung, Min, and Sue

Fig. 2  Audiences created by Jen and Ryu
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they drank coffee. Representative evidence that supports this interpretation was the “table 
of contents” that Jen and Ryu constructed in the first phase (Fig.  3). The table of con-
tents included the “speed of consuming coffee, psychological factors, differing response 
to caffeine due to different life patterns, and genetic factors” as the “body” of their report. 
The students created this table of contents so that they can “first construct a framework of 
[their] work and then fill in the contents [that elaborate each point]” to produce the mecha-
nistic explanation of how the external factors that they specified as features of the audience 
changed their physiological status. As such, the students’ personal features described in the 
audiences supported students to think of potentially mediating factors of sensitivity to caf-
feine. This case representatively shows that the students shaped their knowledge construc-
tion activities to achieve their epistemic goals, which are delineated from their description 
of the audiences who reflect the student’ own uncertainties and features.

Support for and Limitations of Supporting Students’ Shaping of Scientifically 
Meaningful Knowledge Construction

The analysis result of general patterns of changes in the enacted epistemic ideas in 
the second and third phases of the activities is shown in Fig. 4. The students planned 
to construct evidence-based mechanistic explanations, except for the groups that lim-
ited to bringing previous studies’ works. However, many of the groups failed to enact 
their plans in their actual knowledge construction processes. In addition, in the nature 
of knowledge aspect, there were three groups that aimed to construct only descriptions 
phenomena. This section explains why these patterns emerged with the focus on the 

Fig. 3  Table of contents created by Jen and Ryu
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audience construction supported or was limited in supporting students’ shaping of sci-
entifically meaningful knowledge construction.

The audience construction explicated the object-orientedness of students’ activities 
and served as criteria for the students to shape the epistemic features of their activities in 
the nature of knowledge and process of justification aspects. Two features of the instruc-
tional context have contributed to the usage of the created audiences for shaping scien-
tifically meaningful knowledge construction. One of them is the instructor’s emphasis 
on the knowledge product to be sufficiently persuasive so that audiences will accept the 
knowledge. This seemed to have contributed to the students’ focus on justifications based 
on evidence. The whole-class discussion at the end of the second phase and the students’ 
exchange of constructive feedback on how to refine the original plans designed in groups 
also contributed to increasing the persuasiveness of the knowledge products and the 
validity of the plans. For example, one group planned to explore “how changes in human 
activities caused by the spread of COVID-19 influenced the environment,” and the stu-
dents in other groups suggested feedback such as, “I think a logical explanation would be 
important because the spread of COVID-19 virus is still ongoing” and “I think that ‘the 
environment’ is way too broad for an investigation.” The feedback to the group supported 
the group to refine their justification process, specifically to concretize the subject and 
consider whether tentative knowledge claims can be justified by the data that the students 
planned to use. Thus, with the emphasis on persuasiveness, the explication to audiences, 
who are the subjects to be persuaded, allowed the classroom participants to co-develop 
plans for knowledge construction to be scientifically meaningful.

Fig. 4  General patterns of changes in the enacted epistemic ideas
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In most of the groups, the construction of mechanistic explanations was also facilitated 
when they planned to construct personalized knowledge for the audiences. Jen and Ryu’s 
group was one of these groups. They posed the following two research questions: (a) Why 
do people respond differently to coffee? (b) How can people obtain the effects that they 
want from caffeine without side effects? Then, the students formulated hypotheses related 
to the items listed under “Exploration and suggestion of alternatives” in the table of con-
tents. In this way, they attempted to construct mechanistic explanations of how the external 
factors that they specified as features of the audience changed their physiological status. 
Then, they planned to observe their own differing responses to caffeine and connect the 
mechanistic explanation that they constructed to explain the observations and produce per-
sonalized suggestions. Thus, the mechanistic explanation was necessary to provide person-
alized knowledge to the audience.

However, significant changes were made in Jen and Ryu’s activity in the third phase, 
which showed limitations in supporting the students’ shaping of scientifically meaningful 
knowledge construction. Because the students had difficulty experimentally exploring all 
the physiological mechanisms caused by external factors, they adopted a literature review 
as a method of knowledge construction. However, Jen and Ryu could not find informa-
tion on the mechanism to which they could anchor an explanation of the phenomena that 
they observed. Therefore, their final report included descriptions of phenomena that they 
observed or found in the literature and separate explanations for the many mediating factors 
that can lead to different physiological changes. Subsequently, in another final knowledge 
product titled “prescriptions” (Fig. 5), the students described observable physiological phe-
nomena and included general suggestions on how to prevent the side effects of consuming 
coffee. The suggestions were supported by general knowledge about how caffeine works in 
the human body, but they were not connected to each person’s symptoms. Thus, the knowl-
edge claim was justified by including the related information from authoritative sources in 
the knowledge product without the reasoning that links personal physiological character-
istics to personalized methods of caffeine consumption. One reason for such a limitation 
in constructing evidence-based mechanistic explanations of phenomena could be a lack of 
consideration of available resources for the activity when creating audiences and specify-
ing the phenomena to make sense of. The students may have aimed to construct a mecha-
nistic explanation that was too broad because they aimed to produce knowledge that could 
directly lead to a practical utility, which often takes considerable resources and time, even 
for scientists.

Another limitation on supporting the students’ shaping of scientifically meaningful knowl-
edge construction was that the construction of mechanistic explanations was not necessary to 
achieve epistemic goals in many of the groups. Han and Jeong’s group is a representative case. 
In this group, an audience was constructed as “a lecturer who comes into contact with many 
students in a small classroom” (Fig. 6), and the subject to figure out was determined to be the 
most efficient method for hand sanitizing. The epistemic goal focused on practical utility as 
specified in the “concerns and problems that the audience wants to solve” section. There, it was 
explained that the lecturer wanted to determine the type and amount of sanitizer most effective 
for hand sanitizing. According to the epistemic goal, the students intended to construct knowl-
edge to find the most effective choices, as justified by the experimental data. They specified dif-
ferent sanitizing methods as alternative hypotheses and evaluated the alternatives experimentally. 
Although the sources of knowledge varied between empirical experiments and the literature, the 
final knowledge product included only a conclusive answer to the audience’s concerns and pho-
tos of their experimental results (Fig. 7). When asked why they included only the photos in their 
final product, they answered that they thought that the audience was “too busy” to read the full 
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Fig. 5  Part of the suggestions in the form of a prescription

Fig. 6  Description of audiences created by Han and Jeong
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explanation. This omission of a mechanistic explanation in the final knowledge product indicates 
students’ epistemic idea that describing observations of phenomena can suffice to persuade the 
audience of the students’ argument. This seemed to be the reason for focusing on describing phe-
nomena in the groups with the epistemic goals of producing knowledge for practical usage.

In some groups with the goal of figuring out what phenomena occurred also did not pro-
duce mechanistic explanations. A representative case is the group that explored “how changes in 

Fig. 7  The final knowledge product of Han and Jeong’s group
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human activities caused by the spread of COVID-19 influenced the environment.” The students 
in this group presumed a causal link between the change in air quality and COVID-19, and they 
focused on identifying changes in air quality in South Korea by analyzing data on the amount 
of fine dust reported by official websites. They drew and compared graphs that showed changes 
in the amount of fine dust in 2018 and 2019 and reported that the figure drastically decreased 
in 2020 (as shown in the third slide of the final product, Fig. 8). Thus, in some cases, students’ 
knowledge construction was more focused on the depiction of the phenomena that occurred 
when the reasons for the phenomena were presumed based on the students’ common knowledge.

Conclusion and Discussion

Elicitation of Audiences to Facilitate Students’ Epistemic Agency

This study explored how the establishment of audiences can support students’ shap-
ing of knowledge construction that is meaningful to them and scientifically meaning-
ful when students are invited to create audiences for knowledge that the students will 

Fig. 8  Front part of the final knowledge product by Chung, Min, and Sue
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construct. The findings of this study corroborate previous studies (Ko & Krist, 2019; 
Miller et al., 2018; Reiser et al., 2017) by showing that opening the curricula for stu-
dents to engage in while shaping their knowledge construction can facilitate students’ 
epistemic agency in the science classroom. The findings further suggest one potential 
instructional strategy that supports students’ positioning as epistemic agents in the sense 
of who establishes epistemic goals and pursues them in the science classroom rather 
than students’ engagement in knowledge construction trajectories already arranged by 
teachers.

The student-created audiences usually reflected themselves or their acquaintances 
and described holding uncertainties that the students actually had. As the students added 
descriptions of why their audiences wanted certain knowledge, epistemic goals other than 
sense-making emerged and created audiences served as the central axis in the students’ 
subsequent shaping of knowledge construction activities. Based on the audiences and 
epistemic goals, the students made decisions on how personalized the knowledge products 
should be and what knowledge should be used to make their suggestions to the audience 
the most persuasive. These decisions were reflected in the nature of the scientific knowl-
edge and in the process of the justification aspects in the students’ plans for knowledge 
construction. In addition, the explicated epistemic goals that the students set allowed the 
classroom participants to share constructive feedback and improve on the original plans to 
increase the validity of the subsequent knowledge construction processes.

Supporting students’ epistemic agency entails more than engagement in knowledge 
construction, for which trajectories are already presumed by teachers (Reiser et al., 2017). 
However, students still need criteria on which to rely to evaluate and adjust their trajecto-
ries of knowledge construction when they participate in shaping their activities. The find-
ings of this study provide empirical evidence that student-created audiences can work as 
criteria that students can rely on to shape their own and others’ knowledge construction 
process in the science classroom. This indicates the potential of the instructional strategy 
of inviting students to set audiences for knowledge for their knowledge construction to sup-
port their epistemic agency.

Supporting Students’ Shaping of Knowledge Construction Activities That Are 
Meaningful to the Scientific Community and the Classroom Community

Inviting students to help design their knowledge construction is not an easy choice for 
instructors because of tensions between designing curricula that appropriate epistemic fea-
tures of scientific practices and prioritizing students’ ideas (Stroupe et al., 2018). The find-
ings of this study demonstrated that inviting students to create an audience for knowledge 
first and to then design their subsequent knowledge construction processes can support stu-
dents’ shaping of knowledge construction that is meaningful to themselves. The audiences 
that the students created reflected features of themselves or the people that they encoun-
tered in their daily lives, and the students designed procedures to construct knowledge for 
the created audiences.

Regarding whether students’ establishment of audiences can support their shaping of 
knowledge construction that is meaningful to the scientific community, the answer is not 
a simple yes or no. The students’ practices were scientifically meaningful in that they 
produced knowledge based on analyses of data that they collected from various sources, 
such as empirical experiments and observations. Some groups also attempted to explore 
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the mechanisms underlying the phenomena. These results indicate that the introduction to 
scientific practices, such as modeling and argumentation, in the course prior to the activity 
and the emphasis put on persuasiveness was effective for the students to frame the class-
room activities as sense-making activities. This finding corroborates that support for stu-
dents in adapting scientific practices can support students’ epistemic agency in the science 
classroom (González-Howard & McNeill, 2020).

However, the students’ original plans to construct mechanistic explanations were 
not successfully enacted, and the students did not include this mechanistic explanation 
in their final products in most of the cases. Thus, the justifications of knowledge that 
the students produced were not robust. For example, in Jen and Ryu’s case, the stu-
dents aimed to produce the mechanistic explanation underlying their phenomenologi-
cal observations, but they lacked the resources and time needed to conduct such addi-
tional investigations. Although the contexts can differ, designing research that considers 
affordances and constraints in constructing valid knowledge claims is a significant part 
of scientists’ epistemic practices (Pickering, 1995). How can we interpret such stu-
dent practices? The students might have aimed to construct a mechanistic explanation 
that was too broad because they aimed to produce knowledge that could lead directly 
to practical utility. This often takes considerable resources and time, even for scien-
tists. This result indicates that an instructional strategy is needed to support students in 
managing such structural affordances and constraints in designing epistemic goals and 
knowledge construction procedures. Then, students can maintain the enactment of sci-
entifically meaningful epistemic ideas in their activities.

Meanwhile, there were groups that did not need to produce mechanistic explanations 
to achieve their epistemic goals. Although the construction of a mechanistic explanation 
of the natural world is a main goal in many scientific communities, describing the natu-
ral phenomena has value in many scientific fields. Furthermore, the identification of phe-
nomena can be a remarkable achievement. For example, reporting previously unknown 
or unique natural phenomena holds scientific value. In this sense, although valid evi-
dence-based mechanistic reasoning was not constructed to explain the phenomena, the 
students’ construction of a data-based explanation of changes in the air quality could be 
described as valuable work conducted by epistemic agents because they wanted to fig-
ure out through their investigation whether the air quality truly improved after the spread 
of COVID-19. Their knowledge construction was the process by which they understood 
the natural world. Considering this point, this study suggests that to support students in 
shaping knowledge construction that is meaningful even to the scientific community, the 
focus needs to be on the design and enactment of valid but possibly various methods to 
construct evidence-based explanations of the natural world so that students’ uncertainties 
about the natural world can be resolved. Further discussions are needed to develop our 
view of the relationship between students’ epistemic agency and the goal of “sense-mak-
ing,” which is described as the construction of mechanistic explanations that can make 
sense of the natural world in science education.

The explication of epistemic goals by creating an audience for knowledge was proposed 
by this study as one strategy to support students as they relate to their own scientifically 
meaningful knowledge construction in the science classroom. It is necessary to empirically 
examine the instructional strategies suggested to improve the support of students’ epistemic 
agency. In addition, instructors have other concerns, such as the extensive time load needed 
to elicit and develop students’ ideas when instructors aim to support students’ epistemic 
agency. Additionally, it could be overwhelming for some students to begin knowledge con-
struction from contriving audiences for knowledge and designing research methods. In 
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this case, reducing the features of the entire activity that are opened up to students can be 
useful. Further studies are needed to develop methods of addressing instructors’ concerns 
about inviting students to shape knowledge construction activities. Considering that these 
concerns are the main reason that many instructors hesitate to open their curricula to stu-
dents, further studies are needed about instructional strategies to relieve these concerns and 
to support students’ epistemic agency in the science classroom.

Appendix 1  Final codes for the students’ epistemic ideas

Epistemic aspects Codes

Audience for knowledge a) Audiences with a description of the knowledge they want to know
b) Audiences with a description of why and what knowledge they want to know
c) Audiences with a description of why and what knowledge they want to know 

and the features they have that can be mediating factors on the explored 
phenomena

Nature of knowledge d) Description of phenomena
e) Mechanistic explanation of the phenomena
f) Explanation of mediating factors on the phenomena

Source of knowledge g) Empirical experiments
h) Literature (previous studies)
i) Data reported by official websites
j) News articles
k) Observation of the phenomena

Process of justification l) A knowledge claim can be justified by our interpretation of the data
m) Our knowledge product includes the knowledge from authoritative sources
n) A knowledge claim does not have to be supported by evidence
o) A knowledge claim can be justified by including relevant information from 

authoritative sources in our knowledge product
p) A knowledge claim can be justified by including the data in our knowledge 

product

Appendix 2  Final codes for the epistemic goals

Codes Meaning

q) To make sense of phenomena Aim to construct explanations that can make sense of natural 
phenomena

r) For practical utility Aim to construct knowledge that can be used for making 
decisions regarding socio-scientific issues for personal 
benefit in daily life

s) To make a public service advertisement Aim to produce knowledge that can support claims in public 
service advertisements that argue for changes in public 
attitudes and behaviors toward socio-scientific issues

Appendix
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