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Abstract

Feminist STS scholars have long demonstrated how scientific inquiry is a situated
practice, i.e., the processes of inquiry are entangled with the positions of the
inquirers. Understanding how inquiry is situated is necessary for surfacing the
underlying values that one’s positionality brings. However, teaching inquiry as a
situated practice is challenging because students are at a distance from
technoscientific practice. Digital games, with their ability to create virtual worlds,
offer one possible way of overcoming this challenge.

In this paper, | ask: “Can digital games support the learning of scientific inquiry as
a situated practice? If so, how?” To approach this question, | draw upon feminist,
STS, and pragmatist scholarship to develop a framework that can be used to
analyze how a learning environment has been designed to teach scientific
inquiry, as well as how it can be redesigned to teach inquiry more like a situated
practice. To demonstrate the utility of the framework, | employed it as part of a
case study to analyze the game The Mystery of Taiga River. Based on this, |
recommend general directions for the design of digital games to support the
learning of inquiry as a situated practice using the framework.

Keywords: science education; games for learning; game studies; feminist science
studies; STS

Introduction

Scientific inquiry is a situated practice (Haraway 1988), yet it is difficult to teach it as
such. Feminist STS scholars have long demonstrated that the processes of scientific
inquiry are always entangled with one’s position in material, social, political, and
cultural structures of practice (Harding 1992, 1991; Haraway 1988; Barad 2007; Parvin
and Pollock 2020; JafariNaimi, Nathan, and Hargraves 2015; JafariNaimi 2018; Parvin
2019; Longino 1990). For example, non-disabled researchers, by virtue of their position
as non-disabled people in an ableist society, often implicitly assume that the goal of
assistive technologies should be to help disabled people conform to the normative
expectations of society, as opposed to helping them have more autonomy as disabled
people (Williams and Gilbert 2019). Teaching scientific inquiry as a situated practice is
important because understanding how it is situated (i.e., how positionality and inquiry
are entangled) can surface underlying values and assumptions that arise from one’s
position. This is what Harding frames as “strong reflexivity” (Harding 1992). Strong
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reflexivity can help researchers critically examine how values and assumptions
permeate their work and enable them to explicitly define and engage with them to
promote social good. For example, it can help researchers understand how scientific
inquiry often serves those in privileged positions over those who are marginalized.

However, teaching scientific inquiry as a situated practice is difficult as students
do not have a position in technoscientific practice. Being positioned in technoscientific
practice—for example as a scientist in a university or industry research lab—is
necessary for learning scientific inquiry as a situated practice. This is because inquiry
requires learning not just how to perform practices such as designing experiments or
analyzing data, but to do so while entangled in the material, social, political, and
cultural structures of technoscientific practice. For example, designing an experiment to
test some electronic hardware requires not just deliberation about the theory underlying
electronics, but also deliberation over how to acquire the resources needed to do the
experiment while also under pressure from a manager to deliver results in a culture that
promotes quick turnover rather than steady, deep investigation. Consequently, it is
important that students have a position in technoscientific practice to learn scientific
inquiry as a situated practice. However, recreating such environments in an
educational setting—where the goal is to support learning technoscience rather than
conducting original research—is difficult, if not impossible to do as the structures of
education are significantly different from the structures of technoscientific practice
(Abd-El-Khalick 2008).

Digital games can help approach this challenge as they can simulate the
structures of technoscientific practice virtually and position students in them. In order to
position students as practitioners, digital games, like any educational environment
designed to teach inquiry, must decide how scientific inquiry should be situated. For
example, a digital game designed to help students inquire into ecosystems—such as
Quest Atlantis (Barab, Sadler, et al. 2007) or EcCoXPT (Dede et al. 2017)—must decide
how students are to be positioned in the virtual world, such as what equipment and
ecosystems they have access to, what roles they are to play in the world, what is their
cultural background, and how they relate to the processes of inquiry.

Given the importance of teaching scientific inquiry as a situated practice, the
challenges involved, and the potential of digital games to overcome them, this paper
asks: “Can digital games/simulations be designed to support the learning of scientific
inquiry as a situated practice? If so, how?”

To explore this question, | first draw upon feminist, STS, and pragmatist
scholarship to develop a framework that relates positionality to scientific inquiry. This
framework first outlines the “position” of inquirers—understood as their means, status,
and culture—in terms of their location in three key structures of practice: structures of
distribution, structures of power, and structures of culture. It then places these positions
in relation to three key processes of scientific inquiry: problematizing, hypothesizing-
experimenting, and resolving. | developed this framework so that it could help us
critically examine how a digital game can reify the relationships between students’
positionality as practitioners in the game and the processes of inquiry they do in it.

| then explored the utility of this framework to address the above question by
employing it to conduct a case study into the digital game: The Mystery of Taiga River,
which was designed to engage students in scientific inquiry.

Finally, drawing on my framework and findings, | outline a three-fold approach
using the framework that can aid educators when designing games to teach scientific



inquiry: creating environments that draw upon the structures of technoscientific
practice, creating characters that are positioned in relation to these structures, and
creating game mechanics that relate the positionality of those characters to processes
of inquiry.

Background

Given that the goal of this study is to examine how digital games can position students
in the structures of technoscientific practice, it is necessary to first elaborate what |
mean by “structures” and what the structures of technoscientific practice are.

Structures of Technoscientific Practice

In her work on the Five Faces of Oppression, feminist scholar Iris Marion Young
described oppression as being “structural”:

“...oppression designates the disadvantage and injustice some people suffer not
because a tyrannical power coerces them, but because of the everyday practices
of a well-intentioned liberal society...Oppression in this sense is structural, rather
than the result of a few people's choices or policies. Its causes are embedded in
unquestioned norms, habits, and symbols, in the assumptions underlying
institutional rules and the collective consequences of following those rules.” (Young
1990, 41)

On the basis of this definition, Young outlined three key societal structures that
she argues play a central role in perpetuating oppression: division of labor, decision-
making procedures, and culture.

What is notable in Young’s description is that the effect of these structures can
be different from the intentions of the people who are in them. For example, people
who believe in a culture of ‘meritocracy’ may not intend to be racist, but because many
of the poorer people who cannot access the best resources to compete in college
entrance exams are also people of color, such a culture can still perpetuate racism.

Extending this discussion into the domain of STS, scholarship on the Social
Construction of Technology (SCOT) frames “structures” as:

“Specific formal and informal, explicit and implicit ‘rules of play,” which
establish distinctive resource distributions, capacities, and incapacities and define
specific constraints and opportunities for actors depending on their structural
location.” (Klein and Kleinman, 2002)

Drawing upon this definition, Klein and Kleinman outlined multiple structures
underlying technological development, such as the structure of: relevant social groups
(who participates?), interpretation (how meaning is made), closure (how conclusions
are made), the technological frame (the values underlying development), concentration
(how organized different groups are), and resource accessibility.

Such “rules of play” can operate in ways that make seemingly benign
technologies made by well-intentioned people into discriminatory and oppressive
artifacts. For example, because technological developers are often White or Asian
men, their interpretations of Al technologies tend to become the dominant ones,



leading to racist and sexist tools such as automated resume-filtering tools and
recommendation systems that amplify underlying systemic biases against Women and
Black people.

Drawing upon these descriptions (as will be discussed in the Framework
section), | understand the structures of technoscientific practice as the underlying
systems, rules, and norms that govern the work of communities of technoscientific
practice.

Next, | build upon this analysis to discuss scientific inquiry as a “situated
practice.”

Scientific Inquiry as a Situated Practice

I anchor my understanding of inquiry on Dewey’s (1938) definition of inquiry as the
“controlled and directed transformation of an indeterminate situation to one that is
...determinate.” Drawing upon this definition, inquiry involves multiple key processes.
The first involves problematizing, i.e., establishing the indeterminacy of a situation so
that one can begin to transform it. This occurs when one unsettles established
assumptions about the situation, i.e., finds out what makes a situation doubtful. Once
doubtfulness has been raised and problems framed, the subsequent processes involve
developing ideas (hypothesizing) and finding facts (experimenting) in iteration until a
suitable resolution has been reached.

Feminist and STS scholars have demonstrated how these processes of inquiry
are always “situated”, i.e., intertwined with one’s position in the structures of practice
(Riley 2013, 2008; Leydens and Lucena 2018). For example, in her book “Has
Feminism Changed Science?”, Schiebinger (1999) showed how underlying
assumptions made by male scientists about gender in the 20th century were
responsible for the development of heart medication that disproportionately benefited
men. Consequently, being reflexive of one’s positionality is necessary as it can help
surface the underlying values and assumptions that one’s position brings and to
engage critically with them.

Finally, given the object of my analysis are digital games, | briefly explore how
digital games have aimed to teach scientific inquiry in prior literature.

Digital Games and Scientific Inquiry

Digital games are increasingly being designed to help students learn scientific inquiry
due to their ability to create virtual structures of practice that are embodied in the rules
and roles of the gameworld (Gee 2005; Squire 2011; Anupam et al. 2019; Anupam
2021; Anupam et al. 2020) and to immerse students in them (Anupam et al. 2018). As
Barab et al (2007) argue, games can enable “situative embodiment”:

“Situative embodiment involves more than seeing a concept or even a context of
use; it involves being in the context and recognizing the value of concepts as tools
useful for understanding and solving problems central to the context in which one
is embodied...It is just such socio-material embodiment that Gee (2003) and others
have argued videogames can afford.”



Nelson and Ketelhut (Nelson and Ketelhut 2007) illustrated the suitability of
digital games for teaching inquiry by mapping practices of inquiry to mechanics that
players could engage in, in MUVEs (Multi-user Virtual Environments), which are a form
of digital games/simulations. For example, the practice of “posing questions” in
scientific inquiry can be replicated in MUVES by allowing students to ask questions to
NPCs (non-player characters) or other players. Similarly, students can conduct virtual
experiments using virtual equipment in MUVEsS, just like real scientists in a lab.

These strategies have been used by several games designed to teach scientific
inquiry such as SURGE Symbolic (Sengupta and Clark 2016), Legends of Alkhimia
(Chee and Tan 2012), OPERATION Aries! (Millis et al. 2011), River City (Ketelhut
2007), and Geniventure (Mutch-Jones et al. 2021). However, most games designed to
teach scientific inquiry, do not attempt to teach it as a situated practice (Anupam 2021).

Method

To explore the research question, | first develop a framework for analyzing
environments that are designed for teaching inquiry. | then employ it as part of a case
study to analyze a digital game designed to teach scientific inquiry.

To develop the framework, | draw upon the structures of practice outlined by
Young and Klein and Kleinman as well as of Dewey’s description of the processes of
inquiry to understand one’s “positionality” in structures of practice and its relationship to
inquiry.

To examine the utility of the framework, | chose to employ it to analyze the
game The Mystery of Taiga River as a case study. The rationale for selecting this
game is that it engages students not just with scientific, but also social, political, and
economic factors by involving multiple stakeholders with different viewpoints. In this
sense, the game aimed to situate inquiry in a real-life like scenario. Such an approach
for a digital game was unique and made it well-suited as a candidate to explore the
challenge of situating students in the structures of practice.

To study the game, | examined a variety of supporting gameplay videos,
documents such as the full student-teacher guide (available at
https://gamesandimpact.org/taiga_river/), and research papers (Barab, Zuiker, et al.
2007; Barab, Gresalfi, and Ingram-Goble 2010; Barab et al. 2012; Barab, Sadler, et al.
2007) by the creators on the game to get a holistic picture of the game’s design, which
was the primary object of inquiry for this study. While having access to the game would
have provided further detail, the combination of gameplay videos, documentation, and
research provided a sufficiently rich account to make the analysis viable.

To perform the case study, | employed the framework in two key ways: as an
analytical tool and as a design space. Employing the framework as an analytical tool
involved examining what positions the game situated students in, what processes of
inquiry it engaged them with, and how it related position and inquiry to each other.
Simultaneously, | also use the framework as a design space to examine how the game
could be redesigned or complemented to align more with the structures of
technoscientific practice. To do this, | examine what relationships between positionality
and inquiry the game does not explore and how the relationships that it does
incorporate, can be enriched. This further helps us examine how games can be
designed to teach scientific inquiry as a situated practice using the framework.
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The Mystery of Taiga River

The Mystery of Taiga River is part of a series of games in the Atlantis Remixed project
(http://atlantisremixed.org/) that itself is an iteration on a previous project called Quest
Atlantis (Barab, Sadler, et al. 2007). The game is set in a fictional environment called
Taiga National Park. The primary challenge in the game is discovering why the fish
population in the local river (called Taiga river) is declining. The suspects involve three
key groups that work in the park: the farmers, the fishers, and the loggers.

To help resolve this mystery students are hired by the park as water quality
scientists. Their job is to work with the Head Ranger Bartle (played by the teacher) to
investigate this problem and how the park policies on fishing, farming, and logging
should be changed to curb it.

The game as a whole is organized into seven missions. Four of these missions
require students to investigate different hypotheses about why the fish are dying: rise in
turbidity of water caused by loggers, overfishing by fishers, eutrophication because of
farming run-off, or acid rain. The remaining missions require students to explore the
park and talk to these groups, explore the effect of policy changes on the park, and
finally, to go into the future in the game to see the results of their policy suggestions on
the park.

I go into further detail about the game in the next section as | describe its core
features in relation to the key terms of the framework.

The Framework of Reflexive Inquiry

In this section, | draw upon feminist, STS, and pragmatist scholarship to develop a
framework that relates positionality to scientific inquiry. The premises underlying the
framework are the feminist concepts of “situated knowledges” (Haraway 1988) and
“strong objectivity/reflexivity” (Harding 1992, 1991). The former argues that scientific
knowledge, and by extension scientific inquiry, is always developed by practitioners
who are positioned (“situated”) in material, social, political, cultural, and historical
structures of practice. The latter argues that because of its situated nature, scientific
inquiry, in order to be “strongly objective,” must be “strongly reflexive” of its
positionality, i.e., critically examine the relationships between its positionality and
inquiry. Based on these notions, the framework has two arms: one focusing on
positionality and the other on inquiry.
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Figure 1. The framework highlighting relationships between positionality and inquiry

Positionality

Positionality forms the first arm of the framework and refers to one’s location in different

structures of practice. Consequently, to understand positionality we need to also

understand the structures of practice that create positions. Examining the typologies of

Young and Klein and Kleinman, | observed that they can be combined into three
themes on the basis of their focus: structures of distribution, structures of power, and

structures of culture. | discuss these structures in conjunction with one’s positionality in

each of them as one’s means, status, and culture respectively.

Position as Means (Structures of Distribution)
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Figure 2. Means (position in distributive structures)

Distributive structures affect one’s means of
access to resources both as a practitioner
and beyond it. Resource-related problems
such as access to relevant resources
(including funding, equipment), unreliable
equipment, and resource-sharing
significantly impact how inquiry is done.
Conversely, one’s means can also affect the
distributive structures. For example, rich
executives and CEOs commonly lobby
politicians to subsidize their industry and
keep taxes low for them, thereby enhancing
their wealth and means. Distributive
structures can also affect who becomes a
practitioner. For example, rising college costs
keep those with fewer means out of
education, and therefore out of contention
for getting a degree needed to become
practitioners and improve their means.



| define the means of a practitioner/community as their position in structures of
distribution, i.e., systems that govern people’s access to resources (both physical and
conceptual) and places. Structures of distribution include the structures of resource-
access outlined by Klein and Kleinman. Examples of such structures include: the
budget that can be spent on resources, the system of sharing and distributing
resources among researchers, or the state of the market.

There are multiple structures of distribution relevant to students within The
Mystery of Taiga River game world. For example, the leveling up scheme gives
students more tools and rewards as they complete the early tutorial missions and the
structure of missions is such that students can access and do them interchangeably.
These research tools include equipment such as:

¢ a ‘Fishtank’ that enables experimentation with the effects of water quality
parameters (such as the pH level or turbidity) on fish

¢ a ‘Chain of Reasoning’ tool to build models with using data gathered from the
fishtank, interviews, and evidence such as photos

¢ a ‘Simulator’ to propose policy changes and ‘see’ the future implications of
those changes on the park.

While tools such as the ‘Simulator’ do not exist in real life, they play an
important role in helping students learn inquiry by allowing them to explore the
consequences of their choices without “failing”. This encourages experimentation as
students don’t need to worry about making the “wrong” choice. This experimentation is
supported by tools like the ‘Fishtank’ which allows players to simulate the effects of
several different factors on the health of fish. Such simulation tools are common in real
scientific practice and including them in the game helps position students in practice at

a distance.

Position as Status (Structures of Power)
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Figure 3. Status (position in power structures)

One's status enacts relations of power
between them and others, dictating what
they can do, and for whom. Those with a
“higher” status, such as high ranking-
executives, have more power to define tasks
and make decisions, while those with a
“lower” status, such as company employees,
are often responsible for executing tasks and
implementing decisions made by others.
Status can manifest in several different ways
depending on the specific structural
configuration. For example, in a place of
occupation, one's status can be understood
in terms of their designation, such as a
research scientist or principal investigator.
Similarly, in a familial setting, one’s status
can be understood as their role in the family
such as a parent, child, or guardian. In a civic
setting, status can refer to one’s political
position such as a citizen, immigrant, and
non-resident.

| define the status of a practitioner or community as their position in structures
of power. These structures comprise the systems of rules, procedures, and norms that
determine people’s agency over their own lives and those of others. They include
Young’s structures of labor division and decision-making procedures, as well as the



structures of relevant social groups, interpretation, and closure highlighted by Klein and
Kleinman.

One’s status, both within and beyond technoscientific practice, plays a
significant role in how one engages in practice. For example, principal investigators are
responsible for administrative tasks such as getting funding, while experimental
researchers focus more on conducting and analyzing experiments. Further, one’s
status beyond practice is also relevant to practice. For example, a single parent may
not be able to take on the responsibility of field research if it meant leaving their young
child for extended periods of time.

Students’ status in the game as water-quality scientists has little to no bearing
on their inquiry. Instead, the primary power struggle in the game is between the three
suspected groups in the game: fishers, farmers, and loggers who each defend
themselves while blaming the others for causing the fish to die. Students function as
the medium for their power struggle, as each group blames the other groups while
aiming to persuade players to support their own group.

The power structures between students or between students and teachers are
democratic, with all water-quality scientists occupying an equal position as
practitioners. This makes is well-suited for a learning environment. At the same time,
however, real practice is immersed in power dynamics that are not always so
democratic. The game can draw upon this in several ways such as by having a job
security parameter that the water-quality scientists need to maintain to win the game.

Position as Culture (Structures of Culture)
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Figure 4. Culture (position in cultural structures)

Culture can be understood as both a structure as well as one’s position in it.

As a structure, culture can be understood as “the water that we fish swim in,”,
i.e., the shared norms, rules, and assumptions that situate our ways of thinking, being,
and doing. Culture, as a structure, expresses itself in several ways, such as in the
fabric of a community—Indian culture, Black culture, tech culture—or as a school of
thought such as positivism, neo-liberalism, and feminism. As a position, culture refers
to our entanglements in these cultural structures. This understanding of “culture” aligns
with “culture” as discussed by Young as well as the “technological frame” discussed by
Klein and Kleinman.



The primary structure of culture in The Mystery of Taiga River is in its setting as
a predominantly White, North American park. This is embodied in the ways that people
in the game look, talk, and act. The game does not explicitly give the characters a
distinct “culture”, history, or background to draw upon within the game, beyond their
appearance, and this has no effect on gameplay. Instead, the ways in which their
character can act and talk to other characters, such as through the options in dialogue
choices, makes them by default, a part of the same White, North American culture.

The fact the culture of the student’s characters in the game environment has no
bearing on the actual investigation can be problematic in two ways. First, it does not
engage students with how social injustices such as racism and sexism can manifest in
practice. This paints an idealistic but false picture of science as being free of
discrimination. Second, this problem is compounded by the fact that the dominant
culture of practice in the game is of White, North American science. In this sense, by
erasing cultural differences in an attempt to be non-discriminatory, the game may
instead promote the image of science as belonging by default to a White, North
American culture. At the same time, however, making the game experience be different
for characters of different cultural backgrounds can also be discriminatory. This is a
paradoxical challenge. For example, if the players’ race does make a difference to their
work, such as in the responses given to them by NPCs in conversations, then it can
seem racist. Simultaneously, if the player’'s race does not make a difference to this
interaction, then it can seem whitewashed (assuming the default response is what it
would be for a White researcher).

It is important to note that these different ways of understanding positionality
are intertwined and not mutually exclusive. One’s means of access in an organization
can be a function of their status in it. Further, there may also be overlap between these
framings depending on the broader context. For example, systemic racism collates
means and culture as it often restricts Black, Indigenous, and People of Color from
accessing vital resources such as a good education or healthcare. These
interrelationships do not detract from this analysis as the purpose is not to use the
framework for categorization, but to employ them to enrich our understanding of the
situation as a whole.

Inquiry

The second arm of the framework focuses on the processes of inquiry. Drawing upon
Dewey'’s pattern of inquiry, | outline three processes that are integral to conducting
scientific inquiry: problematizing, hypothesizing-experimenting, and resolving.

10



Problematizing
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Figure 5. Problematization

Problematizing refers to the act of unsettling the established status quo and
developing a situation of doubt. The game places students in a situation of doubt with
the question of why the fish population is declining. However, by predetermining this
doubt and presenting it to students as a ready-made problem, the game constraints
their ability to problematize the situation themselves. Telling students what the doubt is,
is different from them discovering, developing, and justifying that doubt. At the same
time, telling them the problem is necessary from a playing and learning point of view
because it allows the game to have a coherent goal. Without a clear goal, students
may lose a sense of purpose or motivation for playing the game, and not be engaged
with it.

Hypothesizing-Experimenting
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Figure 6. Hypothesizing-Experimenting

Hypothesizing involves developing ideas about how to resolve a problem based
on the available facts, while experimentation refers to the testing of those ideas to
collect facts. The game provides three ready-made hypotheses to students about why
the fish population is declining, each implicating one of the three communities for
causing the problem. However, by outlining these hypotheses for students, the game

11



limits students’ from hypothesizing. For example, students do not have to hypothesize
about whether one of these communities is indeed responsible, only which among
them are. That being said, the game does allow students to hypothesize about specific
casual relationships as part of these broader hypotheses: can logging near the river
cause a rise in turbidity in the river? Can a rise in turbidity of the river affect the fish
population?

It also allows students to test these hypotheses, such as by conducting
simulations at the fishtank, collecting and analyzing water samples from the river, and
interviewing the different groups at the park. However, these are pre-determined
studies/experiments baked into the design of the game. Further, there are also very
few variations in how such experiments can be performed in the game. For example,
conducting interviews means selecting from a fixed set of dialog options with a fixed set
of outcomes.

Resolving

Means
(distributive . . Resolution consists of the processes that
structures) Problematization synthesize the facts and ideas generated

during inquiry and employs them to make
the situation more coherent and
determinate. This occurs usually after
multiple iterations of problematizing,
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and Kleinman. Several questions can
permeate this process: What counts as
evidence? What makes the evidence
“sufficient™? How do we know if the problem
ReSOlution has a meaningful solution? Who decides
Culture these matters and how?
(cultural
structures)

Figure 7. Resolution

There are two kinds of resolutions within the game: one that pertains to the
problem of why the fish are dying and the other to what policy changes should be
made to prevent their decline in the future.

The former has a “correct” answer once students have drawn upon scientific
evidence: the fish are dying because all three of the groups have collectively reduced
the water-quality of the river by raising its turbidity (dumping of silt by loggers), reducing
the oxygen levels (algal blooms by farmer’s agricultural runoff), and overfishing by the
fishers. While having a “correct” answer is necessary in the game to give closure, it
may also cultivate a false image of scientific inquiry as a process that results in definite
and determinate answers to real problems, as opposed to resolutions that cannot
completely escape uncertainty.

The latter (exploring policy changes) allows students to explore the
relationships between science and policy. Here the game gives more freedom to
students as there can be multiple possible future resolutions based on what policies
students select.

Overall, it is important to note that the framework is meant to function as a tool
to support the analysis and design of educational environments for teaching inquiry
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and not to evaluate inquiry. Inquiry in practice is messy and entangled and its
processes and contexts cannot be separated from each other. Consequently, the goal
of this framework is to provide a vocabulary to compare practice to education, support
critical analyses of educational science games, and be a starting point for new design
possibilities.

Findings

In this section, | examine the relationship of the three framings of positionality (as
means, status, and culture) to the three processes of inquiry—problematizing,
hypothesizing-experimenting, and resolving—as they manifest in the game, and
employ them to suggest (re)design possibilities.

Means and Inquiry

Means — Problematizing

Means
(distributive . .
structures) Problematization
Example (in practice): Without access to
reliable news and journal articles, interviews
« o with park rangers, proper scientific
Status HYPOth95|Z|n9‘ equipment, and the river itself, researchers
H H may not be able to ascertain whether the
S[rutcriﬁ‘r’:r) EXpenmentlng fish population in an area is indeed
declining or why. Conversely, how they
frame the problem determines what
resources or information they seek.
culture Resolution

(cultural
structures)

Figure 8. Means — Problematizing

The game is not designed to engage students in the relationships between their means
and problematization as it presents students with a ready-made research problem (‘fish
are dying’). There are multiple ways to introduce problematization and relate it to
students’ “means” in the game. For example, the game may give students access to
different resources such as news articles that have different degrees of reliability and
perspectives on the problem, without explicitly defining the problem for the students.
Some may have evidence for why the fish are dying, while others may have in
opposition to it, while others still may attribute it to natural causes as opposed to being
anthropogenic. This would lead each student to come up with a different formulation of
what the problem is and produce productive disagreements between them about the
severity of the issue, thereby producing a rich space for problematization among them.

13



Means — Hypothesizing-Experimenting

Means
(distributive
structures)

Status

(power
structures)

Culture

(cultural
structures)

Problematization

Hypothesizing-
Experimenting

Resolution

Figure 9. Means — Hypothesizing-Experimenting

Example (in practice): Hypothesizing (or
designing) and testing an electronic circuit
board requires acquiring specific hardware
apparatus such as wires, circuit components,
voltmeters, ammeters, soldering stations
and so on. As an engineer, being able to get
and keep these resources long enough is
essential to completing the test. However,
when these resources run in short supply or
are being shared between other engineers,
then one has to improvise and develop a
research plan that allows them to do the
tests on time keeping the resource
constraints in mind: “If | test the board in this
way, then | won't need the voltmeter later
on and so it won't be an issue if someone
else takes it”

Students’ access to resources plays a prominent role in their ability to hypothesize and
do experiments than for problematization. For example, having access to the fishtank

where one can see all the relevant parameters such as pH level, oxygen levels, and
temperature can help students generate hypotheses about the relationships between

these parameters. However, this can also constrain hypothesizing because if students
did not have access to the fishtank and its parameters, then they would need to
hypothesize about what the parameters themselves should be (is pH relevant? is
turbidity?). This could be done by requiring students to program their own simulator in
the game as opposed to using a predetermined one. Further, if the game gave different
students access to different study equipment and places, students would likely conduct
studies/experiments in different ways or have to get creative with what they have. For

example, some students may get a fishtank simulator that models some parameters

but not others, and other students may get a fishtank that does the reverse. This could
help elicit reflection into how one’s access to resources relates to experimentation.

Means — Resolving

Means
(distributive
structures)

Status

(power
structures)

Culture

(cultural
structures)

Figure 10. Means — Resolving

Problematization

Hypothesizing-
Experimenting

Resolution

Example (in practice): If the budget for the
project has dwindled or the group does not
have access to more precise measurements,
it may take a call to end the project where
they are. Or, if they believe there are several
other possibilities they can explore with their
current means, then they may decide to
continue researching the problem.
Conversely, repeating the problem again
and again may exhaust the research group’s
resources. This can be seen by the group as
an unresolved problem, or they can take
what they learned from the process and
conclude that their approach does not work,
which is a resolution and contribution to the
research in its own way.
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Students’ access to tools such as the ‘Simulator’ tool and ‘Chain of Reasoning’ tool is
significant to their process of resolution in the game. The former allows students to
change policy regulations (such as “ban fishing completely” or “limit fishing to x
amount/day”) and observe the effect of these changes in the future, immediately. This
enables students to instantly explore several different possible future outcomes. The
Chain of Reasoning tool analyzes students’ models, evidence, and claims through a
pre-determined scoring system which lets students know how “correct” their models
and evidence are in light of the three predetermined hypotheses. This helps students
be more confident of their scientific models and to use them to inform their policy-level
resolution. However, teaching students to live with uncertainty is essential to them
becoming effective practitioners. This can be done in the game by reducing their
access to tools such as the ‘Simulator’ and ‘Chain of Reasoning’ tool and replacing
them with discussion in the game between players and NPC characters. For example,
students can review each other’s hypotheses and evidence as a form of peer-review
which would help them learn to engage in both giving and taking constructive feedback
that is essential to scientific practice.

Status and Inquiry

Status — Problematizing

Means Example (in practice): Hardware testing-
(distributive = - engineers in a company are often assigned
structures) Problematization hardware-testing related problems by their

managers, such as deciding on the number
of tests and running tests efficiently. The
scope of problematization is bounded by
the engineer’s position as an engineer. So,
they may identify a problem with the

171 i traditionally inefficient and manual way of
Status Hypot.heS|ZI.ng gathering test data and attempt to replace
(power Experlmentlng it with an automated system. Beyond this
structures) however, there is little scope for defining and

developing new problems, as that would
take away time and resources from the
responsibilities already assigned. Further, if
such specializations are part of a rigid
hierarchical power structure, then

Resolution practitioners may not even have the agency
Culture to negotiate with management about the
(cultural nature and scope of their problems.

structures)

Figure 11. Status — Problematizing

Like the means-problematizing relationship, the relationship between status and
problematizing is also not a feature of the game due to the ready-made problem
provided to students. The game can support a rich relationship between a player's
status and problematizing in multiple ways. For example, giving students multiple roles
beyond that of a water-quality scientist—say as a local business- owner who benefits
financially from the decline of fish—and allowing them to frame the “problem” in their
own terms can help students better explore this relationship. Further, the game can
institute a hierarchy between players of different roles that only allows one or two
leader students to make the final decision on what the problem is. For example, some
students’ characters can be more “senior” than others, giving them the final call on
what the problem as a whole is. The problem itself can go beyond doubts about if and
why the fish are dying to include matters such as what the budget, roles, assignments,
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and deadlines should be. Such a hierarchy can invite discussions about the role of
power in inquiry.

Status — Hypothesizing-Experimenting

Means

(distributive . . i ice): X
ot Problematlzatlon Example (in practice): One’s hypotheses may

be conditioned by their desire to maintain
or preserve their status. This is evident from
the history of science as researchers often
faced harsh scrutiny and damage to their
reputation for challenging established
— paradigms such as the Earth-centric model
Status Hyp°th95|2|ng‘ of the universe and Newtonian physics. To

2 8 preserve their status, researchers primarily
st,u(ﬁﬁ‘,f) Experlmentlng proposed hypotheses that stayed within the

acceptable boundaries of their respective
paradigms, even as their hypothesis became
more and more convoluted in order to
explain new observations. Given that which
experiments one conducts is contingent on
o their hypotheses, it follows that status
Culture Resolution indirectly affects experimentation as well.

(cultural
structures)

Figure 12. Status — Hypothesizing-Experimenting

The status of students in the game as water-quality scientists does not significantly
impact their ability to develop hypotheses because the primary three hypotheses which
implicate each of the three communities for contributing to the decline in fish have
already been laid out for them. Nor does it affect their ability to conduct experiments.

One way that the game can engage students more critically in the status —
hypothesizing-experimenting relationship is by assigning them as representatives of
the fishing, farming, and logging communities, thereby introducing a deliberate conflict
of interest that requires critically reflecting on this relationship. Further, the game can
make one’s status matter more to their performing of experiments by introducing a
hierarchy where those with a higher “status” defined by their past successes are
allowed to perform more complex experiments than others. Further, students can be
given additional status within the game say as virtual parents.

Status — Resolving

Means
(distributive . .
structures) Problematization
Example (in practice): The process of arriving
at a resolution is a combined group effort
that depends significantly on the power
e structures and dynamics of the research
Status HypOth95|Z|n9' group. Researchers in a company may have
(power Experimenting less say in finalizing the resolution of the
structures) problem compared to their manager.
Further, in practice, scientists and engineers
can usually only suggest policy
recommendations to their political leaders.
They rarely have any political agency
themselves. Conversely, a good resolution
Cu|tu e Resolution can improve the status of the practitioners.

(cultural
structures)

Figure 13. Status — Resolving
16



Students’ status as water-quality scientists has no bearing on how they decide what
their final resolution about the hypothesis or policy-level proposal will be. That is
decided by the game itself and the Head Ranger (teacher). It is also limited by the
aforementioned ‘Simulator’ tool which allows students to explore all possible future
resolutions at any time.

One way that the game could enrich the relationship between status and
resolution is by adding unequal power structures. For example, the game can prevent
students from actually making policy decisions themselves and instead require them to
convince political leaders to make policy decisions they believe are right. This could
help them better understand the limitations of their role as scientists, help them explore
the political climate and its relationship to science, and learn how to make political
arguments through and with science.

Culture and Inquiry

For this section, | will skip discussing the relationship between culture and inquiry in
relation to the game’s current design. There are two key reasons for this omission.
First, the culture of the student’s characters in the game environment has no bearing
on the actual investigation or the narrative. Second, the game does not engage the
actual students’ culture—such as their race, gender, ethnicity, sexual orientation—in
any meaningful way other than through the design of their in-game avatars.

Culture — Problematizing

Means
(distributive » .
structures) Problematization
Example (in practice): If the researcher
belongs to the local Indigenous community,
they may see the decline in fish population
.« e not simply as a scientific or political
Status HyPOtheS|Z|ng' problem, i.e., in terms of policy, but as a
: H cultural one that signifies a loss of
S,,U‘CTZZZ_E'] EXperlmentlng connection with the land. Consequently.
they may frame the problem in cultural
terms such as: how can we draw upon native
knowledges of the river to preserve both the
fish in it and our culture?
Culture Resolution

(cultural
structures)

Figure 14. Culture — Problematizing

The game can enrich the relationship between culture and problematization by
giving all the characters a cultural background and history (including the student’s
character), customizing interactions between people of different cultures, and allowing
students to frame the problem together as the community (with NPCs), rather than
telling them what the problem is. For example, students and NPCs who share the same
Indigenous culture may engage in conversations in a manner different from others and
collectively shape the problem in dialogue with that culture: how can farming practices
be conducted to align better with the practices of Indigenous cultures? This design
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must be done carefully to prevent discrimination and stereotyping of people with
different cultural backgrounds.

Culture — Hypothesizing-Experimenting

Means
(distributive
structures)

Status

(power
structures)

Culture

(cultural
structures)

Problematization

Hypothesizing-
Experimenting

Resolution

Figure 15. Culture — Hypothesizing-Experimenting

Example (in practice): Say the data indicates
that an increase in temperature of the river
water correlates strongly with the declining
fish population. A researcher with a
background in climatology may see this as
evidence that global warming is to be held
responsible while a geologist may see it as
evidence in favor of rising local magma
levels, both of which can increase the
temperature of the river water. Similarly, a
researcher’s cultural background can also
significantly affect how they perform
studies/experiments. For example, Hindu
researchers may not be willing to conduct
experiments with cows due to the holy
status of cows in their culture.

The game can enrich the relationship between culture and hypothesizing-
experimentation by not providing students with pre-given hypotheses to explore and

experiments to perform, while also critically engaging the student character’s cultural
backgrounds. For example, the game could be designed in a way that each student
character could initially only engage with in-game characters and content who belong
to a single discipline such as climatology, geology, and ecology. Groups of students
could be allocated to different disciplines. This would give them time to be encultured
into a certain disciplinary tradition. Then, after they have developed some background
in their discipline, they could be given the chance to explore the park, learn about the
fish, and generate their own hypotheses. In-game discussion then could draw upon
different students’ disciplinary backgrounds to produce novel and creative hypotheses
for further investigation in the game.

Culture — Resolving

Means

(distributive
structures)

Status

(power
structures)

Culture

(cultural
structures)

Figure 16. Culture — Resolving

Problematization

Hypothesizing-
Experimenting

Resolution

In practice, how a problem is resolved
depends significantly on the culture of all
those involved. For instance, decisions about
the best policy for tackling the decline of
fish should ideally be made with the
involvement and consideration of those
from different backgrounds who hold a
stake in the outcome. Excluding say, the
Indigenous population from the
conversation can lead to policies that
inadvertently harm them. For example,
banning fertilizers for farming may harm the
local farmers who have no other recourse for
their crops. Further, the degree of
uncertainty acceptable also depends on the
culture of practice. Is a 0.01% error rate
acceptable to establish a finding or 0.001#?
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The game can enrich the relationship between culture and resolution by
requiring multiple groups to be present when the policies for the park are discussed
and decided. Currently, the game lets students pick from a selection of pre-given policy
decisions and implement them. Instead, if non-playing characters were also involved in
making the decision, with all of them gathered in the same virtual room, then a rich
space for resolution could be created that engages a plurality of cultures. Of course,
this approach would have to be mindful of the local power and cultural dynamics
among students and characters, but even this could be an opportunity to explore the
role of power and culture in inquiry.

Discussion

Drawing on my findings and framework, we are finally in a position to address the key
research question outlined in this paper: “Can digital games be designed to support the
learning of scientific inquiry as a situated practice? If so, how?”

| argue that for digital games, the framework can aid in the process of designing
such educational environments as part of a three-fold approach:

e to create rules and environments that draw upon the structures of
technoscientific practice

e to create characters that are positioned in relation to these structures

¢ to create game mechanics that relate the positionality of those characters to
processes of inquiry

The first process is necessary as it creates a complex socioscientific
environment that aims to be similar to real environments of practice. To create such an
environment, the framework suggests at least three structures of practice that would be
useful to consider as references: structures of distribution which are systems that
govern people’s access to resources; structures of power which are systems that
determine the responsibilities and agency of people, and structures of culture, which
are the shared norms and principles that govern one’s way of life. The goal of this
process is to examine how such structures unfold in practice using these three
structures as a reference and to recreate them in the game environment.

The second process is necessary as it situates the student’s characters as
practitioners in the game environment. To create such characters (both playing and
NPC), | recommend thinking about their position in terms of one’s means, status, and
culture which brings them into relation with the above structures.

Finally, the third process is necessary at it makes the processes of inquiry,
situated. Drawing upon my framework, | suggested multiple examples of possible
revised game mechanics that can help establish relationships between positionality
and inquiry, such as: having unreliable equipment, introducing power dynamics
between students, and aligning the characters with different in-game communities.

Focusing on these goals is not a guarantee that games will be self-sufficient as
media for teaching scientific inquiry as a situated practice. In fact, as | argue in another
paper (Anupam 2021), there are theoretical challenges that can constrain games in
creating virtual structures of technoscientific practice due to their qualities as
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procedural, evaluative, and artificial media. Nonetheless, the framework can serve as a
useful tool for examining how digital games are designed and can be designed to
better support the learning of scientific inquiry as a situated practice, even if games
may not be successful in doing this on their own.

Limitations

There are three primary limitations with my study.

First, and perhaps most notably, digital media such as games are rarely used in
isolation. My examination of the game’s potential for teaching scientific inquiry as a
situated practice rests solely on my analysis of its design and mechanics. However, it is
possible that even though the game itself is not able to teach inquiry as a situated
practice, that it could play an effective support role in a holistic educational
environment designed to do so. Incorporating the educational environment as a whole
and analyzing it using my framework could have produced more creative and effective
strategies. At the same time, this would effectively double the size of my analysis and
so | decided it might be best left to a future paper.

Second, each (re)design possibility suggested comes with its own limitations.
For example, designing an unequal power structure among students can lead to a
stressful classroom environment and so must be done carefully, considering matters
such as the relationships between students, their history, and their experiences.

Third, a case study of a single game cannot be generalized. While the purpose
of the paper was not to make a general statement about the capability of games to
teach scientific inquiry as a situated practice, having more games as part of my
analysis could have certainly added to my findings and discussion.

Conclusion

In critically examining The Mystery of Taiga River, the goal of this paper was not to
diminish its quality as an educational tool, as it is still an excellent educational game,
but rather to use it as a baseline to examine the different ways in which games can be
designed to teach inquiry as a situated practice. In this sense, the primary contribution
of this paper is the framework itself. By demonstrating how it can be used as an
analytical and design tool in this study, | aimed to illustrate its value to game designers
and science educators alike.

Acknowledgments

I would like to extend my gratitude and thanks to Dr. Nassim Parvin, Dr. Janet
Murray, Dr. Anne Sullivan, Pooja Casula, Shubhangi Gupta, and Swantika Dhundia for
their time and effort in helping me develop the core ideas of this paper.

References

Abd-El-Khalick, Fouad. 2008. “Modeling Science Classrooms after Scientific
Laboratories: Sketching Some Affordances and Constraints Drawn from
Examining Underlying Assumptions.” In Teaching Scientific Inquiry, 80—85. Brill
Sense.

20



Anupam, Aditya. 2021. “Can Digital Games Teach Scientific Inquiry?: A Case of How
Affordances Can Become Constraints.” Proceedings of the ACM on Human-
Computer Interaction 5 (CHI PLAY): 1-21. doi:10.1145/3474713.

Anupam, Aditya, Ridhima Gupta, Shubhangi Gupta, Zhendong Li, Nora Hong, Azad
Naeemi, and Nassim JafariNaimi. 2020. “Design Challenges for Science
Games: The Case of a Quantum Mechanics Game.” International Journal of
Designs for Learning 11 (1): 1-20. doi:https://doi.org/10.14434/ijdl.v11i1.24264.

Anupam, Aditya, Ridhima Gupta, Azad Naeemi, and Nassim JafariNaimi. 2018.
“Particle in a Box: An Experiential Environment for Learning Introductory
Quantum Mechanics.” IEEE Transactions on Education 61 (1): 29-37.
doi:10.1109/TE.2017.2727442.

Anupam, Aditya, Shubhangi Gupta, Azad Naeemi, and Nassim Parvin. 2019. “Beyond
Motivation and Memorization: Fostering Scientific Inquiry with Games.” In
Proceedings of the 2019 Annual Symposium on Computer-Human Interaction in
Play Companion Extended Abstracts, 9. Barcelona, Spain.

Barab, Sasha, Melissa Gresalfi, and Adam Ingram-Goble. 2010. “Transformational
Play: Using Games to Position Person, Content, and Context.” Educational
Researcher 39 (7): 525-36. d0i:10.3102/0013189X10386593.

Barab, Sasha, Patrick Pettyjohn, Melissa Gresalfi, Charlene Volk, and Maria Solomou.
2012. “Game-Based Curriculum and Transformational Play: Designing to
Meaningfully Positioning Person, Content, and Context.” Computers &
Education 58 (1): 518-33. d0i:10.1016/j.compedu.2011.08.001.

Barab, Sasha, Troy D. Sadler, Conan Heiselt, Daniel Hickey, and Steven Zuiker. 2007.
“Relating Narrative, Inquiry, and Inscriptions: Supporting Consequential Play.”
Journal of Science Education and Technology 16 (1): 59-82.
doi:10.1007/s10956-006-9033-3.

Barab, Sasha, Steve Zuiker, Scott Warren, Dan Hickey, Adam Ingram-Goble, Eun-Ju
Kwon, Inna Kouper, and Susan C. Herring. 2007. “Situationally Embodied
Curriculum: Relating Formalisms and Contexts.” Science Education 91 (5):
750-82. d0i:10.1002/sce.20217.

Barad, Karen. 2007. Meeting the Universe Halfway: Quantum Physics and the
Entanglement of Matter and Meaning. Duke University Press.

Chee, Yam San, and Daniel Kim-Chwee Tan. 2012. “Becoming Chemists through
Game-Based Inquiry Learning: The Case of Legends of Alkhimia.” Electronic
Journal of E-Learning 10 (2): 185-98.

Dede, Chris, Tina A Grotzer, Amy Kamarainen, and Shari Metcalf. 2017. “EcoXPT:
Designing for Deeper Learning through Experimentation in an Immersive Virtual
Ecosystem.” Educational Technology & Society 20 (4): 166—78.

Dewey, John. 1938. Logic The Theory Of Inquiry.

Gee, James Paul. 2005. “Learning by Design: Good Video Games as Learning
Machines.” E-Learning 2 (1): 5-16.

Haraway, Donna. 1988. “Situated Knowledges: The Science Question in Feminism and
the Privilege of Partial Perspective.” Feminist Studies 14 (3): 575.
doi:10.2307/3178066.

Harding, Sandra. 1991. Whose Science? Whose Knowledge? Thinking from Women’s

Lives. Ithaca, N.Y: Cornell University Press.

. 1992. “Rethinking Standpoint Epistemology: What Is" Strong Objectivity?".”

The Centennial Review 36 (3): 437-70.

21



JafariNaimi, Nassim. 2018. “Our Bodies in the Trolley’s Path, or Why Self-Driving Cars
Must *Not* Be Programmed to Kill.” Science, Technology, & Human Values 43
(2): 302-23. doi:10.1177/0162243917718942.

JafariNaimi, Nassim, Lisa Nathan, and lan Hargraves. 2015. “Values as Hypotheses:
Design, Inquiry, and the Service of Values.” Design Issues 31 (4): 91-104.
doi:10.1162/DESI_a_00354.

Ketelhut, Diane Jass. 2007. “The Impact of Student Self-Efficacy on Scientific Inquiry
Skills: An Exploratory Investigation in River City, a Multi-User Virtual
Environment.” Journal of Science Education and Technology 16 (1): 99-111.
doi:10.1007/s10956-006-9038-y.

Leydens, Jon A., and Juan C. Lucena. 2018. Engineering Justice: Transforming
Engineering Education and Practice. IEEE PCS Professional Engineering
Communication Series. Hoboken, NJ : Piscataway, NJ: John Wiley & Sons ;
IEEE Press.

Longino, Helen E. 1990. Science as Social Knowledge: Values and Objectivity in
Scientific Inquiry. Princeton University Press.

Millis, Keith, Carol Forsyth, Heather Butler, Patty Wallace, Arthur Graesser, and Diane
Halpern. 2011. “Operation ARIES!: A Serious Game for Teaching Scientific
Inquiry.” In Serious Games and Edutainment Applications, edited by Minhua
Ma, Andreas Oikonomou, and Lakhmi C. Jain, 169-95. London: Springer
London. doi:10.1007/978-1-4471-2161-9_10.

Mutch-Jones, Karen, Danielle C. Boulden, Santiago Gasca, Trudi Lord, Eric Wiebe,
and Frieda Reichsman. 2021. “Co-Teaching with an Immersive Digital Game:
Supporting Teacher-Game Instructional Partnerships.” Educational Technology
Research and Development 69 (3): 1453-75. d0i:10.1007/s11423-021-10000-z.

Nelson, Brian C., and Diane Jass Ketelhut. 2007. “Scientific Inquiry in Educational
Multi-User Virtual Environments.” Educational Psychology Review 19 (3): 265—
83. doi:10.1007/s10648-007-9048-1.

Parvin, Nassim. 2019. “Look Up and Smile! Seeing through Alexa’s Algorithmic Gaze.”
Catalyst: Feminism, Theory, Technoscience 5 (1): 1-11.
doi:10.28968/cftt.v5i1.29592.

Parvin, Nassim, and Anne Pollock. 2020. “Unintended by Design: On the Political Uses
of ‘Unintended Consequences.” Engaging Science, Technology, and Society 6
(August): 320. doi:10.17351/ests2020.497.

Riley, Donna. 2008. “Engineering and Social Justice.” Synthesis Lectures on

Engineers, Technology and Society 3 (1): 1-152.

doi:10.2200/S00117ED1V01Y200805ETS007.

. 2013. “Hidden in Plain View: Feminists Doing Engineering Ethics, Engineers

Doing Feminist Ethics.” Science and Engineering Ethics 19 (1): 189-206.

doi:10.1007/s11948-011-9320-0.

Schiebinger, Londa L. 1999. Has Feminism Changed Science? Cambridge, Mass:
Harvard University Press.

Sengupta, Pratim, and Doug Clark. 2016. “Playing Modeling Games in the Science
Classroom: The Case for Disciplinary Integration.” Educational Technology.
JSTOR, 16-22.

Squire, Kurt. 2011. Video Games and Learning: Teaching and Participatory Culture in
the Digital Age. Teachers College Press.

22



Williams, Rua M., and Juan E. Gilbert. 2019. “Cyborg Perspectives on Computing
Research Reform.” In Extended Abstracts of the 2019 CHI Conference on
Human Factors in Computing Systems, 1-11. Glasgow Scotland Uk: ACM.
doi:10.1145/3290607.3310421.

Young, Iris Marion. 1990. Justice and the Politics of Difference. Princeton, N.J:
Princeton University Press.

Author Bio

Aditya Anupam is a Postdoctoral researcher in Digital Media at the School of Literature,
Media, and Communication at Georgia Tech. His research is situated at the confluence
of science, media, and learning. Anchored in feminist, STS, and pragmatist

scholarship, he explores digital media—particularly games, simulations, and interactive
visualizations—as environments to foster the learning of science as a situated practice.

23



	Abstract
	Introduction
	Background
	Structures of Technoscientific Practice
	Scientific Inquiry as a Situated Practice
	Digital Games and Scientific Inquiry

	Method
	The Mystery of Taiga River
	The Framework of Reflexive Inquiry
	Positionality
	Position as Means (Structures of Distribution)
	Position as Status (Structures of Power)
	Position as Culture (Structures of Culture)

	Inquiry
	Problematizing
	Hypothesizing-Experimenting
	Resolving


	Findings
	Means and Inquiry
	Means – Problematizing
	Means – Hypothesizing-Experimenting
	Means – Resolving

	Status and Inquiry
	Status – Problematizing
	Status – Hypothesizing-Experimenting
	Status – Resolving

	Culture and Inquiry
	Culture – Problematizing
	Culture – Hypothesizing-Experimenting
	Culture – Resolving


	Discussion
	Limitations
	Conclusion
	Acknowledgments
	References

