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Abstract: The purpose of this study is to explore how merging narrative, role-play, and immer-
sive, interactive technology can support learners to participate in designerly STEM practices (e.qg.,
posing questions, designing investigations, modeling data). Set in university pre-service teach-
er education courses, we contrast two problem-based units incorporating immersive, interactive
projection. Elementary pre-service teachers (n=9) completed a three-day unit on arithmetic and
geometric sequences embedded in a narrative of defending the Earth by testing a top-secret
weapon to destroy asteroids. Secondary science pre-service teachers (n=8) completed a three-
day unit that included an immersive simulation of the greenhouse effect, but lacked a narrative
context. This study reports qualitative analysis of video-recorded interactions, examining how
students engaged and participated. In the former, the narrative context pervaded interactions, and
invited participation from students who rarely participated. In the latter, the students engaged as
scientists, surfacing numerous questions and investigations. Students engaged mathematically/
scientifically within the immersive environment.

Standing on the navigation platform in the center of the capsule, a young woman leans forward, plunging her crew
into a dizzying dive through space. “On your left!” shouts one of her crew- an asteroid-spotter. The gunner deftly
fires the B612 Asteroid Splitter, and the asteroid splits into 3 pieces, each big enough to wipe out life on Earth. The
captain leans forward, this time making only minor course corrections so her gunner can finish the job, dividing the
remaining pieces repeatedly into three pieces. “Tech, give me a report. How many asteroids do we have out there
now and how many are still planet-killers?” she asks. “On our first scan, we had 20. After one strike of the B612, we
had 22. After three more strikes, we had 28. Now we have 262, but only 19 are big enough to pose a threat.” “On
your right! Watch out!” shouts one of the spotters. “Wait,” says Ignacio, one of the mission recorders, “So would
there be a formula? Would? Be like, uh, the number of asteroids minus ... minus one when it splits into three?”
With the simulation still playing on the dome surrounding them, the teacher encourages his students to discuss,
“Can anybody help him out? What do you guys think the formula for this thing should be?”

Introduction

Whereas many technologies place a screen between learners, immersive technology of the type we investigate
creates a surround that engulfs learners (Figure 1); the addition of multi-user interactivity allows them to navigate
and explore. We explore how immersive, interactive technology might support learning of inquiry practices, such
as posing questions, designing investigations, and modeling data. School STEM has long been criticized for not
reflecting professional practice (e.g., Rudolph, 2005). New standards focus on STEM practices (Common Core
State Standards Initiative, 2010; National Research Council, 2012). STEM professionals engage in designerly
practices (Cross, 2001), meaning they generate their own questions and design investigations involving variables
they select, but in schools, the questions, procedures, and variables are generally provided. Even inquiry activities
created by researchers interested in studying how students learn science seldom ask students to generate their
own questions or design investigations (Chinn & Malhotra, 2002). Students seldom have opportunities to partici-
pate in designerly practices (e.g., posing questions, designing investigations, modeling data).

As our team works to design low-cost, immersive, interactive projection kits for classroom use, we explore the af-
fordances of this technology; we consider dimensions that provoke authentic context, including how role-play and
narrative support students to engage in designerly aspects of STEM practice. We investigate a digital dome-- a
type of panoramic display in which the learner can look around at “a wide field of view look into the virtual world,
seeing many things at once” (Jacobson, 2012, para 10). We focus on two types of presence: sensory (feeling
present in the virtual world (Jacobson, 2012; Slater, 2009)), and narrative (feeling present in a story, with the ability
to shape it (Jacobson, 2012)). We explore multi-user interactivity (multiple learners can interact with the display
simultaneously) and role-play. By combining these aspects, we hope to provoke consequential engagement — that
is, we want students to recognize “the usefulness and impact of disciplinary content” (Gresalfi & Barab, 2011, p.
302)but not necessarily with an understanding&#xD;of why one is performing such procedures.&#xD; Conceptual
engagement involves more&#xD;than plugging numbers into an equation, but additionally&#xD;involves under-
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standing why an equation&#xD;works the way it does. In contrast, consequential&#xD;and critical engagement
concern the coordination&#xD;of content, contexts, and learner decisionmaking. Consequential engagement in-
volves&#xD;recognizing the usefulness and impact of disciplinary&#xD;content; being able to connect particu-
lar&#xD;solutions to particular outcomes.”302{Gresalfi, 2011 #5202}&#xD;</research-notes></record></Cite></
EndNote>. This paper contrasts two enactments, one of which incorporated narrative, to explore the ways design-
erly practices-- posing questions, designing investigations, modeling data—were or were not supported.

Figure 1: Similar to a small planetarium, our 15-ft diameter dome can accommodate 12 learners. Six pro-
jectors powered by one Mac Pro allow for multi-user interactivity. Here, DomeStroids is controlled with a
WiiMote and pressure sensors in a skateboard interface.

Immersive, Interactive display

Immersive displays —such as our dome-- allow for exploration of three dimensional spaces and have been shown
to support factual and conceptual learning (e.g., Lantz, 2011). Comparisons of display types have found advan-
tages for immersive displays over standard desktop displays for factual recall and conceptual learning of architec-
ture (Jacobson, 2010) and understanding of the chemical reactions (Limniou, Roberts, & Papadopoulos, 2008).
Likewise, learning about Mayan culture and astronomy was significantly higher when viewed in a dome system,
compared to theater screens (Heimlich, Sickler, Yocco, & Storksdieck, 2010). Interactivity may be an important key
for creating sensory and narrative presence, and in turn supporting learning (Dondlinger, 2007). The addition of
multi-user interactivity opens up new possibilities for learning (Emmart, 2005; Wyatt, 2005).

Sensory Presence

Sensory presence enhances engagement, which in turn leads to greater learning (Fraser et al., 2012). Immersive
displays tend to provide a strong sense of being present in the virtual—as opposed to physical—world (Bailen-
son et al., 2008). Virtual environments allow learners to feel more present (Kafai, 2006). Even online, interactive
environments can evoke a sense of presence (Lessiter, Freeman, Keogh, & Davidoff, 2001). Presence has been
measured via survey (Heeter, 1992; Witmer & Singer, 1998), physiological measures (Meehan, Insko, Whitton, &
Brooks Jr, 2002), and behavioral measures (Bailenson, Blascovich, Beall, & Loomis, 2003). Based on research
on psychological processes, it is not “paramount to create the most realistic or captivating experience regarding
immersion and presence” when learning—as opposed to entertainment—is the goal (Schnall, Hedge, & Weaver,
2012, p. 11).
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Narrative Presence and Role Play

Evidence from neurobiology, cognitive psychology, and research on memory demonstrates that narrative supports
learning by providing coherence and context (Hazel, 2008), allowing learners to construct meaning (Bruner, 1991).
Narrative provides a motivating context for problem solving (Dickey, 2006). Narrative presence supports learning
by providing a situated experience (Dede, 2009). Prior knowledge and culture interact with the degree to which
learners feel present in the narrative and this impacts what is learned (Heimlich et al., 2010). Some narratives
allow students to take on roles and identities of scientists (e.g., Dunleavy, Dede, & Mitchell, 2009). This is one of
the affordances of video games Gee cites, (2003) explaining that games can serve as a mediator between virtual
and real identities, engaging students previously uninterested (Dunleavy et al., 2009). Narrative is commonly used
in educational games (Dondlinger, 2007) and is effective when the learning goals are closely aligned to the nar-
rative (Fisch, 2005; Malone, 1981; Waraich, 2004). Narrative has been invoked as a means to support students
who struggle with the particular content (Waraich & Brna, 2008). Role-playing as scientists has been shown to
help learners understand that the goals of science are not producing facts so much as developing and testing
explanations (Solomon, Duveen, Scot, & McCarthy, 1992). Role play, especially when embedded in narrative that
invests the “role with opportunities for action” (Barab et al., 2010, p. 240), has been shown to support learning
(Hickey, Barab, Ingram-Goble, & Zuiker, 2008). Although much research supports the use of narrative, other re-
search questions it necessity, suggesting that simulation alone may be better (Frasca, 2003; Habgood, Ainsworth,
& Benford, 2005).

Methods

We co-designed two problem-based immersive units with teachers. This study reports initial enactments with
these units, undertaken in courses for pre-service teachers. The first unit, DomeStroids focuses on arithmetic and
geometric sequences with a narrative context of asteroids threatening to destroy all life on Earth; DomeStroids
allows users to navigate through space with a skateboard and use a Wii-mote to test a secret weapon to blow up
asteroids into a pre-specified number of pieces. Students spent three 50-minute class periods working in groups,
with one class period in the dome (n=9). Roles (e.g., pilot, gunner) were assigned. The second unit, ClimateDome,
focuses on the greenhouse effect and used a short version of a previously tested Web-based Inquiry Science
Environment (WISE), (Slotta & Linn, 2009) unit on Global Climate Change (Svihla & Linn, 2012). The unit incorpo-
rated NetLogo models (Wilensky & Reisman, 2006) of the greenhouse effect. ClimateDome was used to reinforce
understanding of the greenhouse effect, allowing the users to control the level of CO, with the Wii-mote, and then
export data. The teacher did not provide a narrative context, but roles (e.g., CO, specialist, model engineer) were
assigned connected to a setting (propose experiments to be conducted in the dome). Students produced graphs
of changes in the overall heat of the system. Students spent two 75-minute class periods working in groups, with
part of one class period in the dome (n=8).

Field notes and artifacts of student work were collected during the lessons, which were video recorded in accor-
dance with field standards (Derry et al., 2010). Pre- and post-tests were used to document changes in under-
standing. We examine learning through interaction analysis (Jordan & Henderson, 1995) and as evidenced in
assessments and artifacts. Elsewhere, we present analysis of pre/post changes in student learning, showing that
in both units, students achieved learning gains (Svihla, Dahigren, Kvam, Bowles, & Kniss, 2013).

Pre-dome session Dome session Post-dome session
DomeStroids (50 minutes total) (10 minutes)
(40 minutes) Teacher gave roles to the students; they Teacher gave brief

_ practiced their roles; Teacher guided them | lecture on sequenc-
Teacher introduced the | through the activity for first part, (15 min- | es, with class dis-
challenge in a narrative; | ytes); remainder of time spent with the cussion

students worked in groups | «lights up” and working together on devel-
on the cell division tasks; | oping a formula, while still sitting under the
Students worked individ- | gome; Students worked individually on the

ually on the cell division | remaining asteroid tasks as homework
tasks as homework
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ClimateDome (40 minutes total) (40 min)

(70 minutes) Teacher introduced ClimateDome and gave | Students finished
roles to the students; students planned the WISE unit on

Students participated in | experiments with the “lights up” (15 min- climate change and

a previously tested WISE | ytes); students carried out experiments they | worked with data-

unit on climate change designed (25 minutes) sets from Climate-

(Svihla & Linn, 2012) Dome

Table 1: Sequence of activities in DomeStroids and ClimateDome
Findings

We present findings related to how narrative and role-play supported consequential engagement (Gresalfi & Bar-
ab, 2011)but not necessarily with an understanding&#xD;of why one is performing such procedures.&#xD; Con-
ceptual engagement involves more&#xD;than plugging numbers into an equation, but additionally&#xD;involves
understanding why an equation&#xD;works the way it does. In contrast, consequential&#xD;and critical engage-
ment concern the coordination&#xD;of content, contexts, and learner decisionmaking. Consequential engagement
involves&#xD;recognizing the usefulness and impact of disciplinary&#xD;content; being able to connect particu-
lar&#xD;solutions to particular outcomes.”302{Gresalfi, 2011 #5202}&#xD;</research-notes></record></Cite></
EndNote> in designerly practices (e.g., posing questions, designing investigations, modeling data). We first high-
light how this unfolded in DomeStroids, which included a narrative, then contrast this with ClimateDome, which did
not have a narrative context.

Narrative context in DomeStroids invited participation

Initially, we see the students engaged with the narrative context, but not necessarily with the mathematical content
and practices targeted by the unit. They focused on making the asteroids smaller, repeatedly firing the weapon, but
not understanding how the weapon worked. The teacher encouraged them to shift their focus to the task at hand,
saying “Okay, we gotta be systematic about this though. We can’t just go shooting -- shooting asteroids like space
cowboys, right?” With definite guidance by the teacher, the students began to shift their approach to investigate
the number of times an asteroid could be split, still grounding their discussion in the narrative context, but using it
to investigate the mathematical content and practices.

1 Teacher: Wull:: cause one became three right so actually we only added (.)

2 Ss: Two

3 Teacher: Two more so how many did we have?

4 Ss: 22

5 Teacher: 22. Okay and then we did it again. We fired again. How many did we have after that?

6 Ignacio: So would there be a formula would be like uh the number of asteroids minus (.) minus
one when it splits unto three

7 Teacher: You'’re getting kind of the right ide-(.) I'm not sure what you're saying

8 Ignacio: Minus one times two

9 Teacher: No not times two //

10 Ignacio: /Iplus two

11 Teacher: (.) You’re almost there you’re almost there.

12 Teacher: Can anybody help him out. What do you guys think the formula for this thing should
be?
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At first, we see the teacher guiding the students with very specific prompts (turns 1-5). At turn 6, Ignacio’s ques-
tion shifts the focus from answering the teachers’ questions (in which we might claim conceptual engagement) to
consequential engagement, in which they see utility in the content. This also marks an important moment in the
class because Ignacio rarely participated in class. The teacher reflected on Ignacio’s work, “He’s written down the
pattern, and he has uh::h generalized it to have a variable here, which is cool” (see Figure 2). Ignacio’s model of
the asteroids splitting with each hit shows his ability to represent data in disciplinary ways, even in the context of
a fantasy narrative.
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Figure 2: Ignacio’s post-dome model of his algebraic expression, “number of asteroids =5(N)”

In the larger corpus of data, the roles are not very visible, though the narrative is, with students embedding their
nascent understanding in the fantasy, and using it to engage consequentially.

Role-play and setting in ClimateDome supported question-posing

Although ClimateDome did not include narrative, the unit did provide a setting; students were asked to propose
experiments that could be conducted in the dome. A student took on the role of Lead Scientist, deciding which
experiments would allow them to efficiently explore the simulation of climate change. Students posed possible ex-
periments based on their roles, focusing on CO, and infrared radiation (IR). He encouraged them to vary only one
thing at a time, and after finding the baseline in the simulation, the Lead Scientist asked for proposals:

Student: We narrowed it down to a few questions. Our first questions was, “What happens to infrared radiation in
the presence of CO, in the atmosphere. And depending on what kind of parts per million we are dealing with now,
like current parts per million of CO, right now. And then say it's way higher than that, like by a factor of ten maybe.
[...] Umm, and then the level of infrared radiation would be the variable of interest and we would want to see if that
had a direct correlation with the temperature or the heat. And the inverse of that, is what happens to the infrared
radiation in the absence of CO, or very low parts per million.

In the larger data corpus, the roles —as scientists-- were consistently visible as students engaged, posing ques-
tions, negotiating the potential value in specific experiments, and interpreting results. After they returned to the
classroom with data from the simulation, they modeled it, surfacing further questions such as why there was more
solar radiation than heat energy and infrared radiation, why the overall heat of the system increased when there
was a higher level of infrared radiation, and why variables changed together. Overall, the experience was genera-
tive and the students were consequentially engaged, but the patterns of participation — meaning the level of partic-
ipation by particular students and the exchanges between particular students — largely reflected normal classroom
participation (based on video and field notes of two other class periods). Students who contributed infrequently in
class, contributed infrequently in ClimateDome.
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Effects of CO2 Concentrations on Infrared Radiation and Heat
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Figure 3: Example graph produced by a student using data exported from ClimateDome, showing the
effects of CO,

Conclusions and Implications

Although our findings are yet tentative and studies ongoing, we can draw initial conclusions about how immersive,
interactive media can support learning when paired with role-play and narrative. In both units, student work and
video data show evidence of learning and participation in designerly practices (e.g., posing questions, designing
investigations, modeling data). This engagement was consequential, with students seeing how, when, and why
to pose questions, pursue experiments, and model data. We see this as important particularly for future teachers
because the majority of their prior content courses engaged them in procedural or conceptual ways.

By contrasting two different units with different foci, and with different learners, we are afforded the opportunity
to consider why both units supported students to engage in designerly practices. First, we consider that the ele-
mentary pre-service teachers—typically fearful of math-- were successful in part because the narrative context
invited them to participate in DomeStroids. In ClimateDome, the secondary science pre-service teachers were
already comfortable with taking on the roles of scientists. Although this may seem to mean that narrative is not
needed in such cases, we consider that there is still potential value in using it; the patterns of participation re-
mained intact from classroom to dome, with a few students consistently participating less. This was not the case
with DomeStroids, where we saw a struggling student emerge as a leader. While we cannot definitely attribute
this reconfiguration of participation to the use of narrative, we do intend to pursue contrasts with future iterations
to clarify this. The narrative may have invited participation from a broader range of students, including those who
rarely participated.

Although these pilot studies show promise for teaching and learning with immersive, interactive technology, we
cannot disambiguate the impact of the technology itself. Further studies are needed to understand how and why
the technology might support learning.
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