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ABSTRACT ARTICLE HISTORY

This study describes outcomes from a place-based, teacher-scientist Received 30 April 2019

partnership intended to support teacher use of authentic data for Accepted 7 January 2020

science and math instruction. Teachers worked with scientists in

the field to practice collection and analysis of authentic data. This Pl ; _—
R X ! ace-based; teacher-scientist

case stu_dy ’ investigated how narrative  structure and partnership; science stories;

contextualisation were created and used by teachers to convey narrative; data literacy;

meaning from the scientists to students. Participant interviews, Contextualisation

focus groups, and researcher notes were qualitatively analysed

through production and testing of propositions. The results show

that teacher narratives were based heavily on the scientists’

narratives as informed by teachers’ own field experiences and

authentic data. Teachers served as participant-narrators in the

narratives rather than central agents, and they used the elements

of narrative structure to frame knowledge that is co-constructed

by the scientists, teachers, and students. This model of transfer

through story is described in detail along with implications for

research and practice.

KEYWORDS

Preliterate humans used story structures such as narrative and setting as tools to maintain
fidelity of communicated information (Wolf, 2007). We remember our experiences in the
form of non-fiction stories with attached meaning and declarative knowledge (Schacter,
1996). We use the term ‘story’ in this way throughout this article. While story remains
an important teaching tool in modern societies, there is a tension in using story for teach-
ing science (Avraamidou & Osborne, 2009). We argue that story can play a useful role for
helping learners understand science practice as well as the natural phenomena that are
central to science.

We present the case of a place-based, teacher-scientist partnership project (TSP; Shein
& Tsai, 2015) to examine the ways teachers used elements of story to situate science
knowledge and then bring that back to their students. Specifically, we were interested in
how teachers developed a sense of their own story in which they became agents
through participation in the TSP. The authors facilitated an ongoing TSP to help teachers,
and thereby their students, learn how to view authentic data as situated within interdepen-
dent natural phenomena. Through the Numbers in Nature project, teachers worked with
scientists at two field sites to collect and examine data, and co-develop science and math
curriculum built around the authentic data.
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Narrative as a mechanism for contextualisation

Contextualisation is the degree to which subject knowledge is connected to the world
beyond the classroom (Giamellaro, 2014; Gilbert, Bulte, & Pilot, 2011; King & Ritchie,
2013). Contextualisation can be perceived as the framing of a curriculum or instruction
within a real or imagined context as well as the way in which any actor comes to
connect content knowledge with real contexts. Contextualised curriculum is associated
with large effects on student engagement (Potvin & Hasni, 2014; Ward et al., 2016) and
small to moderate effects on comprehension of science content (Bellocchi, King, &
Ritchie, 2016; Gilbert, 2006).

Giamellaro (2014) proposed a key distinction in how contextualisation is utilised in
education: students can learn in context (primary contextualisation) or with context (sec-
ondary contextualisation). Primary contextualisation involves the learner being immersed
in the context, such as field studies and internships. Secondary contextualisation refers to
students having access to second-hand accounts of context, such as narrative text, docu-
mentary film, or role play. Through primary contextualisation, one becomes part of a story
while one receives a story through secondary contextualisation. In the current study, we
examined the weaving in and out of primary and secondary contextualisation as the scien-
tists shared their own experiences with teachers (secondary), as scientists and teachers
shared an experience in a context authentic to the science (primary), and as teachers
then shared that experience with their own students (secondary).

As with contextualisation, one goal of storytelling is to situate important ideas into a
narrative structure that is understandable and relatable. Narrative structure gives
meaning to individual events by showing how they are connected to the whole (Norris,
Guilbert, Smith, Hakimelahi, & Phillips, 2005), as contextualisation does for the learner.
Paris and Mercer (2002) proposed that there are three ways one can connect to a story
through narrative structure: autobiographically, vicariously, or through shared social
experiences and values. Most stories are experienced vicariously and the narrator has a
critical role of determining the purpose by choosing the events and the order in which
they are related, filtering information (Metz, Klassen, McMillan, Clough, & Olson,
2007) and assigning meaning (Norris et al., 2005). Because ‘narrative gives priority to
the stories that connect people with objects and events’ (Paris & Mercer, 2002, p. 406),
story provides a mechanism to connect primary and secondary contextualisation as a
learner incorporates others’ experiences into their own (Giamellaro, 2017). We propose
that story might be a tool to align how scientists, teachers, and students contextualise
knowledge, particularly if teachers become personally embedded in those stories. We
examine how the teachers vicariously adopted aspects of scientists’ stories, became part
of shared stories, and then vicariously shared these amalgamated stories with their
students.

Narrative and science learning

Bruner (1986) describes story as one of two primary ways of thinking and knowing, con-
trasting it with a logical, argumentation-based way of knowing. Because stories closely cor-
respond to lived experience, and because they parallel the way we make sense of the world
(Gough, 1993), they are easier to comprehend than other modes of communicating
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information (Avraamidou & Osborne, 2009). Story involves the recipients personally and
must predict recipients’ points of common experience if it is going to be successful (Avraa-
midou & Osborne, 2009). Characters’ actions are a sequence of related events (Metz et al.,
2007) and story includes the elements of narrative appetite, structure, agency, and purpose
(Norris et al., 2005) to share meaning between people (Bruner, 1986).

Bruner’s cognitive theory (1986) highlights the tension between the scientific/argu-
ment-based way of knowing as the contrast of the storied way of knowing. In Bruner’s
conception, argument uses empiricism to convince of universal truth where story seeks
verisimilitude. Agency creates an additional tension between narrative and scientific struc-
ture. Narrative requires that there is an agent who affects or is affected by some other force.
However, science is often focused on correlation, which need not include an agentic force.
Avraamidou and Osborne (2009) argue that agency can be interpreted or implied within
natural phenomena, as in the cases of air pressure impacting other systems or a water
droplet dispersing light. Cause and effect as well as systemic relationships are functionally
similar to agency in the human consciousness and can serve the same function within
narratives.

One approach to using narrative in science teaching is the use of historical accounts of
past scientists (Milne, 1998). While this approach has been associated with both benefits
and problems (Metz et al., 2007), it is limited to uncovering the practices and sociocultural
context of science rather than the core science function of explaining natural phenomena.
Norris et al. (2005) introduce a useful distinction between this type of process-oriented
explanation of what happens within science, or extrinsic explanations, from those that
explain the natural phenomena themselves, intrinsic explanations. While not a perfect par-
allel, one could think of intrinsic explanations as some combination of the Disciplinary
Core Ideas and Crosscutting Concepts undergirding the Next Generation Science Stan-
dards in the U.S. and extrinsic explanations as some combination of the Science and
Engineering practices with the socio-cultural, historic activity of science.

While good stories and good arguments are judged by different criteria, Bruner (1986)
suggests they are complementary. We adopted this stance and sought to examine how
stories and arguments could complement each other as teachers sought to learn,
process, and teach content knowledge they learned from cooperating scientists. Within
the context of this study, teachers were positioned to consider their own developing
stories and explanations, those of the scientists, those that were co-constructed, and
then synthesise these into science content to be shared with their students. We sought
to track these stories, to examine how intrinsic and extrinsic explanations were woven
into situated practices of the teachers and scientists, as well as their lived stories.

Methods

We used an exploratory, phenomenological, qualitative case study approach to analyse
teacher experiences with the place-based TSP project. We asked several analytic questions
to better understand those experiences,

(1) Did teachers develop a sense of story via their participation in the place-based teacher-
scientist partnership? and if so,
(2) Did teachers identify as agents in those stories?
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(3) Which story elements did teachers use when discussing their experience?
(4) How did teachers use story to transfer knowledge and practice from the scientists to
the students?

Using a variety of qualitative data to examine the use of story from a participant (emic)
and a researcher (etic) perspective, we explored the way story drove and emerged from
teacher experiences.

Participants and context

The case was built from teacher interviews, and researcher field notes. Thirty-three math,
science, and elementary teacher participants from public schools in the Western U.S. were
recruited via email. During the first summer, teachers travelled to a forest research station
for a four-day retreat with direct instruction on contextualised learning, modelling, and
field teaching methods. Participating scientists gave overviews of their research and led
field excursions to demonstrate how they collect their data (Figure 1). The teachers and
scientists also worked extensively in small groups to develop grade-level curriculum
using authentic data to address state standards. Throughout the four days, teachers and
scientists lived, ate, and socialised together. The HJ Andrews Experimental Forest is a
watershed-scale forest jointly run by the Oregon State University and the U.S. Forest
Service. Research is conducted in forestry, ecology, hydrology, wildlife biology, and
myriad other disciplines. Contemporary data can be compared to seventy years of data
that document change over time for the ecosystems within the watershed. For this
project we worked with an ecologist, soil scientist, forester, and two hydrologists.

Throughout the subsequent fall semester, the teachers tried their new curricula in their
classrooms, shared the data and vicarious experiences with their students, and participated
in videoconferences with the scientists to clarify or modify the curricula. Following the
retreat, teachers and scientists reconnected via videoconference sessions. During the sub-
sequent winter, teachers attended a second retreat at Mt. Bachelor with a new group of
scientists. The Mt. Bachelor Observatory is an atmospheric chemistry research site at
the top of a mountain with access to atmospheric currents. Mt. Bachelor is also a ski
resort with lifts that provide access to the observatory and to the snowpack at various alti-
tudes and exposures. Teachers again went out into the field to contextualise data collection
and repeated the curriculum development and enactment process with the support of the
scientists. For this site we worked with an atmospheric chemist, hydrologist, ski patrollers,
and a computer scientist developing avalanche detection technology.

A final one-day retreat in the spring allowed the group to consider next steps and col-
lectively reflect on the project. All participants received a modest stipend. Please see Gia-
mellaro and O’Connell (2018) for a more detailed discussion of the project structure and
teacher outcomes.

Data collection

Data were collected from: (1) researcher notes, (2) teacher focus groups, and (3) individual
teacher interviews. The researcher notes are written reflections captured during and
shortly after each project event, representing the observer (etic) perspective. Through
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Figure 1. Visual examples of teacher experiences in the place-based TSP. From top, left and clockwise:
Participants test stream chemistry, calculate snow-water equivalent, measure stream discharge, and
analyse snow crystal structure.

these notes and the process of phenomenological bracketing (Grbich, 2013) the role of
narrative emerged as an important phenomenon for teachers. At the conclusion of the
study, all teachers participated in 45-minute focus group interviews in which they
responded to six prompts about their experience with the project, outcomes, barriers,
and specifics about interactions with the scientists. While teachers were not explicitly
asked about narrative or contextualisation, we used their responses to identify when
these characteristics were important to their experience (Brenner, 2006). Similarly, 13
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teachers were interviewed (all were invited, 13 were able to) with a structured protocol of
seven questions regarding impact on their knowledge, practices, and students’ outcomes.
Focus groups and interviews were recorded and transcribed verbatim.

Data analysis

In a first round of coding, one coder (first author) applied concept codes drawn from exist-
ing research on narrative and contextualisation (Appendix). Miles, Huberman, and
Saldana (2019) describe concept codes as having ‘meso or macro levels of meaning’
(p. 66), often identifying processes, and as applied to stanzas or larger passages of text
that ‘harmonize with the bigger picture suggested by a context’ (p. 66). The data were
excerpted in conjunction with these concept codes in order to capture these complete con-
cepts while retaining as parsimonious an excerpt as possible. The search for abstract prin-
ciples within the emerging phenomenon used these codes as a starting point (Grbich,
2013).

To achieve phenomenological reduction (Grbich, 2013), we used an analytical tech-
nique described by Miles et al. (2019) in which the researcher generates propositions
from their own thinking about patterns in collected data and then tests the statements
against the actual data. In other words, the propositions are tools rather than results
themselves. As an exploratory study, we generated etic propositions from researcher
notes and tested them against the available data. In two instances, new propositions
were identified within the participant responses that had not been identified in
researcher notes. We distinguish these as the emic propositions. To test these prop-
ositions, concept code frequencies (Figure 2) were first used to indicate how often
themes associated with contextualisation and narrative/story were discussed by partici-
pants. Code co-occurrences (Figure 2), and other patterns were then used to support
or contradict the propositions. We then examined the text of the participant perspectives
to determine how they were experiencing the elements of story and to search for
interpretations that rivalled the original propositions (Miles et al., 2019). The prop-
ositions that were supported by data from multiple participants and not substantially
contradicted by other participants’ experiences were developed into assertions that
connect these results to themes beyond the study and that could readily serve as hypoth-
eses for future testing (Miles et al., 2019). The propositions that were not supported by
subsequent participant data also informed the resulting assertions by suggesting ways in
which teachers were not interacting with story in the ways anticipated by existing
research and the researchers’ early observations.

Results

The analysis described above led to three etic and two emic propositions regarding how
teachers used elements of story in their learning and subsequent teaching. Table 1 sum-
marises these propositions and lists whether each proposition was supported by the par-
ticipant data. The remainder of this subsection describes the sourcing, evolution, and
disposition of each of these propositions. Table 1 also shows which propositions contrib-
uted to the inferential assertions described at the end of this section.
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Figure 2. Concept code frequency and co-occurrence. Concept codes represented central ideas in con-
textualisation and narrative. Codes were applied to excerpts within all transcripts. Cells are coloured by
distribution (red = lower quartile, yellow = median, Green = top quartile). Top quartile frequencies or
co-occurrences indicate that these themes or combinations of themes regularly occurred throughout
participant responses. Code counts and co-occurrences were used as an intermediary step to
suggest where patterns needed to be further examined in the narrative responses. (Colour online).

Table 1. Sources and status of the analytic propositions and connection to summary assertions.

Proposition Source®  Supported?
1 Teachers connected phenomena to place etic No
2 Extrinsic explanations were more important than intrinsic explanations to teachers emic Yes
3 Teachers conceptually accessed the science and data via personal connections to the etic Yes
scientists
4 Teachers struggled with bringing authentic data back to their classrooms but were more likely  etic Partially
to do so when data were contextualised
5 Narrative Elements of Story Worked Together to Positive Effect emic Yes

°Etic propositions were sourced from early researcher observations and existing research. Emic propositions emerged from

early participant data.
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Proposition 1, teachers connected phenomena to place

The first proposition captures the idea that teachers were associating specific scientific con-
cepts with specific places in the field. Though researchers observed this phenomenon in the
field and it was expected based on existing research, the proposition was not supported by the
longitudinal participant data. When teachers discussed the physical setting as important
elements of the story, it was typically a place where they brought their own students to
conduct field work and even then, action was privileged over the phenomena being explored.

The discrepancy between etic and emic perspectives with this proposition may be
explained by the timing of the data collection. The researcher notes, which indicated fre-
quent and specific connections to place, were largely captured during the field retreats and
in early conversations with participants while the interviews and focus groups occurred at
the end of the study and were reflective in nature. Even if the connections between place
and phenomena appeared important when teachers were first exposed to the ideas, those
connections were not maintained as important in the long-term.

Proposition 2, extrinsic explanations were more important than intrinsic
explanations to teachers

The etic/emic discrepancy with Proposition 1 also led to the recognition of a new prop-
osition within the patterns of teacher reflection. Proposition 2 suggests that teachers
were more focused on the socio-cultural, historic (extrinsic) aspects associated with expla-
nations for phenomena than on the explanations of the phenomena themselves (intrinsic).
In describing the part of the project that was most valuable to him, a high school math and
science teacher said,

For me it was working, hearing their (scientists’) stories and seeing their methods and think-
ing what went into their research questions and their scientific method that they were doing. I
think just hearing their story and their perspective, and talking with them one on one, I was
able to sustain more understanding of how they use their data and how they sift through it
and find useful data sets. That was big. What was big for me was just talking with them about,
“Where did it come from and how did you get it to that usable form?” And, see them actually
work with spreadsheets with Excel and just see some of the work they were doing.

For this teacher and others, the value was in seeing the process rather than the outcomes of
science and the goal was to bring those practices back to his students. A middle school
science teacher also described how the patterned ways of thinking she developed
through the project became a part of her teaching practice,

I find that everything we do, we’re collecting data now. Kids are inputting things into Google
sheets and we’re looking at it together. We won’t just collect data in one class, we’ll collect
data in all the classes and go back the next day and look at it. We’ve had some really powerful
argument-driven inquiry-type projects where the kids have collected their own very complex
data. Looking at it, the different lenses that they were looking at their data, told different
stories so they had to make decisions. It’s just been a year of data.

Interacting with the scientists, observing how they approached even the mundane tasks of
data analysis, and doing it with them helped these teachers to see how they could bring
these practices into their classroom. However, this was not an automatic outcome. In
the following focus group exchange two elementary teachers explain where this broke



INTERNATIONAL JOURNAL OF SCIENCE EDUCATION e 9

down for them,

Teacher 1:  How would you be able to use this to foresee avalanches or collect data? But I
ran into the same thing. 'm like, “I don’t know what to do with this now.”

Teacher 2:  Even ifI did collect it, I didn’t know ... “Okay well what story is this data really
telling? How are we presenting it? How are we interpreting it?” ... So, we’ve
done this, but what now? What’s the next step?”

In other cases, the teachers may have been overly focused on the extrinsic explanations to
the point where the intrinsic explanation was lost, as exemplified in this high school
science teacher quote,

We did the fish migration one (dataset), where it had the years for 50 some years and all these
data points. I think I'm gonna assign each group a year, and then look at the months and then
compare the graphs from each group. I think that would work better than, “Here’s all this
data. Go with it.”

In this scenario, the ecologist provided a dataset showing salmon spawning runs to a creek
over time. When examined together, the data tell the story of climate change as the return
dates trend earlier. Any given year is unremarkable. Thus, the intrinsic explanation was
lost but even the extrinsic explanation was not communicated with fidelity. This
pattern was more common with the elementary teachers whose background knowledge
did not necessarily prepare them with foundational intrinsic scientific explanations.
While teachers did not focus on the intrinsic explanations as often as they focused on extrin-
sic explanations, there were cases when the codes co-occurred, leading to further analysis. In
most of these cases the teachers described nuanced descriptions of how they came to under-
stand an idea or how the combination had helped their students to do so. In all of these
cases, the extrinsic helped to develop the intrinsic or spurred a need to know;, as described here,

That next step that the conclusions that they’re making from the data and representing visu-
ally, you can kind of see some patterns but what is the ... What does that connect to and why
is it important? That contextualization bit for sure with the carbon fixing or through the
carbon kind of being delivered to the ocean. What's the big picture? Kind of add in so
why would we even look at a stream transporting carbon in the first place and kind of
bring that in, rounding out the story and that of course it’s important because it ends up
in the ocean and the ocean is our kind of fixer of carbon dioxide or carbon monoxide or
all carbon I suppose. It kind of is that connector piece of ... here are some numbers but
why are the numbers important?

Across the range of participants, engaging in extrinsic explanation alongside the scientists
resonated with the teachers, inspired them, and seemed to have the most impactful inroads
into classroom practice. This proposition, that extrinsic explanations were more important
to teachers than intrinsic explanations, was well supported by the data though the
inclusion of both led to reports of the most impactful learning scenarios.

Proposition 3, teachers conceptually accessed the science and data via personal
connections to the scientists

Proposition 3 suggests that the teachers relied on the scientists as a reliable source of auth-
entic data and supporting contextual information. Researcher notes suggested that



10 M. GIAMELLARO ET AL.

teachers were making choices about which data and concepts to use as a function of their
interactions with the specific scientists, at least in part. The teachers’ reflections supported
this proposition. Teachers recognised the scientists as a reliable source of targeted infor-
mation. By knowing the scientist, they were confident that they could find the right infor-
mation, as noted by a middle school math teacher, ‘because I had access to those scientists
I've got like, oh, there’s that more powerful data set. Here’s where I can get more data.” A
high school science teacher wrote,

Working with [atmospheric chemist] in getting air pollution data, and 'm blanking on
the actual resource right now but just this amazing website where you can go into any
city that has air pollution data and will pull data for years back on a number of different
variables.

Once the scientists had endorsed a resource, such as a website, the teachers felt a sense of
relief to know that it was credible, useful and relevant.

Teachers worked with all of the scientists for an introduction and then focused their
curriculum development work with one or two. The goal was to pair up based on an align-
ment of grade level standards and scientist expertise.

Obviously, [soil scientist] worked really well with us, because a lot of our stuff is based around
soil. Same thing, [hydrologist], same thing because we got a lot of snow pack stuff. I think
taking scientists that really match to our standards was very helpful for us at the elementary
level, because we do have a wide variety.

In practice, the teachers seemed to more often align themselves with the scientists who
could best explain the science to them. Interestingly, all of the scientists were described
as the best at this by a few teachers, even when other teachers had described the same
scientists as struggling to communicate with them. A middle school science teacher
explained this decision process,

I think a barrier for us probably at first was I felt overwhelmed by the data sets like [ecologist
1] and [ecologist 2]. For me, I found their work to be the most interesting but their data to be
the least approachable for me to interpret that for the kids. [hydrologist], his work really
spoke to us and we were able to glom on a little bit to him.

It should be clarified that the teachers held a deep regard for all the scientists, reported in
phrases typified by, ‘they’re such amazing people ... human beings, but also just so knowl-
edgeable and skilled.” When pairing for curriculum development, teachers did not seem to
be aligning to scientists of particular gender, race, or other homophily. Rather, the teachers
seemed keenly aware of their own level of understanding, gaps in their understanding, and
the contexts of their own classrooms. The scientists were sources of information for their
classroom practices but that access was also contingent on the scientists’ ability to under-
stand the context of a given teacher’s classroom.

Proposition 4, teachers struggled with bringing authentic data back to their
classrooms but were more likely to do so when data were contextualised

In the proposition 3 section teachers described scientist connections as an access point to
useful data. Proposition 4 suggests a somewhat opposing phenomenon in which teachers
found it difficult to bring the scientists’ data back to their classrooms, though their
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contextualised understanding mediated that to some degree. Teachers described struggles
with using the data in their classes, as described by one high school math teacher,

For myself that was a struggle with me with using the data from the scientists because I was
barely understanding what was happening ... I didn’t feel comfortable coming up with things
from it, being able to extract what was happening in that graph and I didn’t want to bring it in
and not be able to help them through it.

This teacher was able to interpret the syntax but not the meaning from the graphs- the
data but not the story. A project goal was to help teachers develop extrinsic skills and
clarify intrinsic explanations through first-hand experience of the phenomena. In our
researcher notes we recorded numerous examples of teachers expressing understanding
of the targeted natural phenomena when they were measuring and observing at the
field sites. Teachers were inspired by the primary contextualisation experiences as cap-
tured here, ‘it was super powerful for us to experience that with them (the scientists)
and our excitement we can pass on to our kids. Just being out there with the scientists
was really super fun and exciting.” In some cases, teachers also reported that this was
useful for their teaching, as in this elementary teachers’ thoughts,

I think without the context that they brought it would have been kind of a moot point ... I
wouldn’t have remembered, and did I love tromping around in the snow? No, I did not, but
did it bring me a lot of context that I could then bring to my children? Yes, it did. In that case
it was really great.

However, the interview data suggest that while these field experiences helped with teacher
interest and contextualisation, they were not often applied to bringing data back to the
classroom. Several teachers struggled making the relevance of their own experience also
relevant to their students. Two middle school science teachers shared their thoughts on
this disconnect,

Teacher 1:  Ijust didn’t think it would be that engaging for my kids to say, “Hey, I went to
this place, and this is the stuff I got.” To me that doesn’t feel close enough to
them.

Teacher 2:  With the avalanche data with the sounds, it was a great hook to use when teach-
ing my waves unit, but I wasn’t able to pass that off to the students as easily as I
would’ve liked. Obviously, I get excited about avalanches and talking about
these things but they were not as jazzed about it as I was, so tough sell.

While they inspired the teachers, the field experiences did not seem to directly result in a
mechanism for teachers to bring data back to the classroom. Teachers did report bringing
pre-interpreted data to the classroom in the form of scientists’ stories. Teachers brought
relevance and framing for content. For example,

When we (her class) went to our local stream here and found the discharge rate, and the snow
depth, and the temperature, then to show them that we could go online and go up to the
[local] Mountains and look at those same facts, and tie that in to, “This is real. You are
doing what real scientists do.” (elementary teacher)

Several teachers described scientist experiences/stories as a way to drive student interest
that could carry a unit. The scientists’ experiences/stories seemed to be packaged in a
way that the teachers felt garnered more credibility than teacher field experiences. An
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elementary teacher reported value in the project videos, saying, ‘they (students) love seeing
the video that they gave us from the [forest]. They sort of understood the data, to see the
pictures of “wow there’s that many landslides up there?” “Wow, I had no idea.”

While the scientists’ stories seemed to be a more common vehicle for getting the scien-
tific content and data into the classroom than were teachers’ own stories, the teachers’ field
experiences may have played a role in how they came to understand scientists’ stories. This
understanding, in turn, was reported to impact delivery and framing of content in the
classroom, as explained by a high school science teacher,

One big take away for me was ... being able to ask the scientist why does the dataset matter
and really, I noticed a big difference between my fall segment I did and my spring segment I
did. In my fall segment I had a lot more confidence in why it mattered and was able to com-
municate that to my students a lot more just because I had the background information I had.
With the additional information I had a really good story and the buy-in from my students in
the fall was way bigger and then I just didn’t have that for my spring project quite as much
and even though it was a way more hot topic, my students didn’t grab onto it.

The ‘background information’ of ‘why it mattered” was developed during the retreat and
through working with multiple scientists. This teacher had used this experience to support
and understand the ‘story’ behind the data shared by the scientists, enough that she felt
confident to use the authentic data effectively.

Teachers reported the use of scientists’ stories (secondary contextualisation) being used
in conjunction with their own field experiences or those they prepared for their students
(primary contextualisation). They discussed the combination of primary and secondary
contextualisation as being effective at encompassing both personal relevance and accessi-
bility for the students while maintaining a connection to the bigger picture shared by the
scientists. A middle school science teacher shared how this played out in her class as she
wove the two levels of contextualisation together and used authentic data,

We went in the field in the fall to the [Local River] and the big question was “is this river
healthy for salmon and trout?” You could see ‘em spawning so that was exciting for the
kids to see them spawning while we’re there and then that the water from that river all
comes from an aquifer and we watched it come out of the ground. Where does that water
come from? We talked about snow and that was in October. In January ... we did the dam
and the sockeye salmon data set and they graphed it and we introduced correlation and
line of best fit that day and they were learning about slope in their math classes ... in my
last activity, I took that data and we did SNOTEL (SNOpack TELemetry) data and they
looked at May SNOTEL data for [data recording station], which is sorta the watershed
that drains to the [Local River] and they looked at how much water’s in the snow in May,
May 1st. They looked at historical May 1st data, and you could see that it was really
different and so they grabbed some stuff. They did kind of get more excited because they
remembered the fish thing we did and then they remembered our field trip they saw the
fish. They could put it together but that helped having a connection between all the things
we did versus just, “oh and here’s another thing on snow nothing to do with anything.”

Another middle school science teacher described how visualisations (data stories) shared
by scientists were useful to her as she prepared curriculum, even if they were not shared
directly with the students. The balance between primary and secondary sources of data
was explored by many of the teachers. They wanted students to use the authentic data
from the scientists when they were accessible to students (ie. ‘cleaned’) and they
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wanted students to collect their own authentic data. Each came with its attendant frustra-
tions and barriers.

Overall, when teachers had practice collecting and interpreting data with the scientists,
worked with them to design curriculum that was likely to result in manageable data, and
used those experiences to lead students through the process, they reported successes.
When either the secondary or the primary contextualisation was missing, teachers
reported less encouraging results with student learning. Even though teachers did not
report bringing their own field experiences into the classroom, some provided field experi-
ences for their students modelled on their own and that thereby mesh with the work of
science professionals.

We found this proposition to be partially supported. Teachers did struggle with bring-
ing the data back to their classrooms and this was mitigated by contextualisation.
However, teachers’ primary contextualisation experiences seemed to produce only indirect
effects on the use of data in the classroom. The scientists’ data, in story form, seemed to
provide a more direct vehicle for bringing the content into classrooms, albeit informed by
the teachers’ experiences with them.

Proposition 5, narrative elements of story worked together to positive effect

Proposition 5 describes teachers’ use of narrative story elements not in isolation but as a
wholistic set. In applying concept codes to the data, two trends emerged in the application
of the story element sub-codes. First, when one element of story was present, it was likely
that multiple others were as well. Agency, narrator, and purpose were the most likely to co-
occur with the other elements of story. A second trend was a qualitative correlation
between the number of the story elements and the degree to which teachers spoke of
those experiences as positively impactful for them or their students. As one example,
we can parse out the quote above in which the teacher outlines the story of bringing
her students to the river. The following narrative elements can be identified as the
details are woven into the form of a story:

Agency: Extrinsically, the teacher, students, and people behind the data. Intrin-
sically, the fish arguably have some agency.
Events: Visit to the river, “we did the sockeye salmon data”, “we did ... ”, “we

looked.” Classroom activities.
Narrative Appetite:  “where does that water come from?” “Is the river healthy for salmon?”

Narrator: The teacher, possibly the students by the end.

Receiver: Students, general public.

Purpose: To answer the questions about fish, snow, water correlations.
Setting(s): Local river, classroom, SNOTEL data collection site.

Structure: The story builds from the early experience at the river and foresha-

dows the use of data later in the year. At the end, students bring
together the observations, the fish data, snow data, river data for a
conclusion.

There were 15 excerpts in which the full array of narrative elements was present and
these were all associated with positive experiences. It is not clear if these were perceived
as positive because the elements were all there, if the positive experience led to the rec-
ognition of all of the narrative elements, if this was coincidence, or if there is another
explanation.
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When narrator and receiver co-occurred without the other narrative elements, the
accounts were often negative in tone. This pattern often captured a discordance
between the narrator and receiver, as captured succinctly by an elementary teacher, ‘I
think some of us elementary teachers were like, ‘that was Greek.” The isolation of narrator
and receiver also implies a lack of contextualisation. Across the teacher accounts, there is
support for the proposition that the narrative elements compound to positive effect.

From propositions to assertions

Through testing the propositions against the interview and focus group data, we developed
three assertions to ‘synthesize a vast number of individual analytic observations’ and build
toward ‘higher level interpretations about the meaning of the study’ (Miles et al., 2019,
p. 93). Given the degree to which the five propositions were supported, we assert the fol-
lowing as:

(1) Teachers in a place-based TSP drew heavily from the stories of the partner scientists,
which include intrinsic and extrinsic scientific explanations as well as reference to
authentic data. (Propositions 1,3,4).

(2) These stories, shared through secondary contextualisation, were supplemented by tea-
chers” own field experiences. (Propositions 3,4).

(3) Using narrative structure, teachers condensed and filtered these experiences into a
story focused on extrinsic explanation, shared with students through secondary con-
textualisation, and robustly supported by students’ field experiences. (Propositions
1,2,5).

Taken together, these assertions outline the process that teachers used to share content
knowledge and practices between the scientists and their own students. This process is dia-
grammed in Figure 3. These assertions offer the potential for future research in which they
can serve as hypotheses for more targeted investigation.

Discussion

In the subsequent sections, we further describe the assertions, link them to previous
research, unpack the process outlined in Figure 3, and discuss implications of the study.

Developing a sense of story

Our first analytic question asked whether teachers develop a sense of story via their par-
ticipation in the place-based TSP. Teachers did develop a sense of story through the
experience and in so doing, the stories helped align how the scientists, teachers, and stu-
dents situated knowledge. Teachers used these stories to carry the experiences of the scien-
tists to the students and to capture elements of verisimilitude and connection between
events, as Bruner theorised (1986). As researchers, we had implicitly asked the teachers
to share knowledge between scientists and students and they used the devices of story
to do so, capturing the human and human-like intention and action and the vicissitudes
and consequences that mark their course’ (Bruner, 1986, p. 13). This focus on the human



INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 15

Scientists’ “Story”
Including intrinsic and
extrinsic explanations

Secondary Contextualization Primary Contextualization

Teacher field
experiences

Authentic,
scientist-sourced
data

Filtering and condensing the multiple stories within
narrative elements: Events, Narrator, Receiver,
Narrative Appetite, Agency, Purpose, and Structure

Teacher’s “Story”
Including some
intrinsic and mostly
extrinsic explanations

Secondary Contextualization Primary Contextualization

Student-collected
data

Student field
experiences

Students’ “Stories”

Figure 3. Teachers’ process of collecting, developing, and sharing instructional stories. The diagram
tracks the flow of scientific explanation from top to bottom. In the study, teachers relied heavily on
scientists’ information as secondary contextualisation. Teachers also considered some authentic data
from the scientists. Teachers’ primary contextualisation field experiences contributed to their under-
standing but did not become central elements in their stories. Teachers organised all this information
in narrative structure, at times creating student field experiences to similarly support but not drive
instruction focused on secondary contextualisation, largely sourced from scientists’ ‘stories’.

element of the stories is a likely explanation for the contrast between proposition 1, which
was unsupported, and propositions 2 and 3, which were supported. Teachers were inspired
not by the practices themselves but by the scientists who modelled the extrinsic expla-
nations. Although teachers were also inspired by the settings where the stories took
place, setting became secondary to the human action that is inherently central to narrative
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structure (Norris et al., 2005). Teachers were not asked to develop a story but it became a
natural mechanism for them to situate and synthesise a vast amount of information.

One result of this storied rather than argumentative organisation of knowledge (Bruner,
1986) is that it favoured extrinsic over intrinsic explanations. This was exacerbated by the
retrodictive nature of story (Norris et al., 2005) in that the information was shared from
scientists to students via the teachers as historic occurrences without a need for the pre-
dictive power of intrinsic explanation. However, when teachers did incorporate both
extrinsic and intrinsic explanations, they described these events as powerful learning
experiences in which students could think across temporal scales, different settings, and
shifting agency. Future research that intentionally combines storied and argumentative
ways of knowing, intrinsic and extrinsic explanations, could explore the degree to
which these positive outcomes can be leveraged.

As storytellers, the teachers were in a complex position as they received others’ stories,
lived their own stories and then tried to package those into revised stories for their own
students. In doing so, they needed to readily transition back and forth between different
contexts, and different times, both real and abstract. They needed to regularly convert
between primary and secondary contextualisation (Giamellaro, 2014) as learners and tea-
chers. Seemingly to preserve the contextualised nature of the knowledge and to mitigate
student struggle with ‘fluid transitions’ between contexts and concepts (King & Ritchie,
2013), the teachers used story to carry as much of the contextualisation as possible
across the transitions from person to person. Teachers’ use of datasets was an illustration
of this concept. The teachers worked with the datasets alongside the scientists, a primary
contextualisation experience. Most teachers who carried this experience forward to their
students did so as either a conclusion drawn from the data, a data story, or as an
example of the work scientists do. The data story rather than the dataset was used to
carry the information.

Teachers as agents in the stories and primary contextualisation

Our second analytic question asked if teachers identify as agents in the developed stories.
The simple answer is ‘no’, they rarely took an autobiographical stance (Paris & Mercer,
2002) or brought in their own field experiences when discussing the work with their stu-
dents. However, the data suggested a more nuanced explanation, that teachers saw them-
selves as part of the story, just not the central part of the story around which it should be
built. Teachers took on the critical role of narrators and in this way demonstrated agency
within the narrative. Rather than serving as the central agents, they were the participant-
narrators, both relating a second-hand story they were present to witness, and bringing the
receivers actively into the story. The teachers connected students to an expansive practice
beyond the classroom, beyond the teacher. In connecting students to this broader context,
they likely impacted student engagement as well as their depth of conceptual understand-
ing (Ward et al., 2016).

The storyteller or narrator has a critical role of determining the purpose by filtering the
information being shared (Metz et al., 2007) and gives meaning to the story through these
choices (Norris et al., 2005). As teachers were making choices about how to frame data
stories, even if implicitly, they were considering the recipients. Teachers explained their
own successes and struggles with receiving the scientists’ stories and reported cogent
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decisions about how to reframe those stories so they would be maximally accessible to
their students. Such prediction of recipients’ common point of experience is crucial for
a sense of personal involvement in a story (Avraamidou & Osborne, 2009). Meaning is
connected to the agents in a story and to the recipients of it (Metz et al., 2007). Rather
than positioning their own experiences as central, teachers attached meaning to the scien-
tists and their students.

Narrative elements in the stories

Our third analytic question asked which story elements teachers used when discussing
their experience with the place-based TSP. Teachers were more apt to focus on the
agents within the story, than on the setting or the specific events. This changed slightly
when the teachers included their own students in the story (student stories, Figure 3)
through primary contextualisation experiences. Purpose was also a central narrative
element as teachers used the stories to share meaning across time and place (Norris
et al,, 2005). The individual events were only important insomuch as they were connected
to the whole and juxtaposed against the perspective of other events (Norris et al., 2005).
Teachers reported that their intentions in using story elements were to make content rela-
table, easier to comprehend, and aligned to human experience (Norris et al., 2005). They
used narrative structure with the implicit goal of secondary contextualisation (Giamellaro,
2014).

Because stories have a structure that allows us to understand the world in which we live
(Gough, 1993), teachers seemed to be using these structures to make sense of the natural
world from the perspective of the scientists. This sense-making seemed most present when
the complete complement of narrative elements was present, suggesting that a narrative
teaching approach is most effective when teachers are supported to incorporate all of
the narrative elements. In contrast, when only narrator and receiver were described by tea-
chers, in the absence of the other contextualising narrative elements, the effect seemed to
be negative. In other words, full narrative structure seems to be more than beneficial, it
may be required.

Within this narrative structure, some of the original meaning was lost, however.
Although the scientists were ultimately interested in the phenomena, the intrinsic expla-
nations, the teachers’ stories tended to share the extrinsic explanations. This may have
been a function of the narrative structure, in that meaning must be constructed by the
receiver of the story. The scientists could share the how, relying on the implied
meaning. When the teachers shared the filtered and condensed stories with their students,
some of that meaning was no longer implied and might have been lost altogether. This
reflects Bruner’s (1986) claim that story and argument can complement each other but
cannot be conflated. In the process of carrying knowledge from the scientists to their stu-
dents, teachers relied on storied ways of knowing to efficiently do so but also lost some of
the argument in the process.

The results of this study agree with those of Avraamidou and Osborne (2009) in
showing that narrative structure can be effective pedagogy, particularly when the learners
are involved in the narrative construction. The teachers were at first the learners/receivers
and then became the teachers/narrators, positioning them as participant-narrators. Even
though teachers highly valued the primary contextualisation experiences, they generally



18 M. GIAMELLARO ET AL.

did not bring them back to the classroom as independent stories. Rather, they used nar-
rative structure to weave together data stories, scientists’ stories, and students’ stories. As
knowledge was shared from person to person, the story structure allowed for credibility
and verisimilitude across time and place (Bruner, 1986). Although the authentic data
did not always get shared with students, broader extrinsic explanations often did, as
shared through co-constructed narrative. As with other TSPs (Shein & Tsai, 2015) teachers
were expected to bring their experiences back to the classroom but this may not be the
most effective approach. Rather, supporting them to serve as participant-narrators may
position them in familiar roles that more effectively bridge the gap between scientists,
phenomena, and students.

Limitations and implications

Although the Numbers in Nature project was not designed around the construct of nar-
rative structure, it emerged as a primary theme. The field would be well-served by future
research that examines narrative as an intervention. A systematic manipulation of the nar-
rative elements could elucidate how to most effectively use story as a science teaching tool
across place and time. This research agenda may also include more explicitly framing the
work as a story with an authentic role for students and with a clear mechanism to explore
intrinsic as well as extrinsic explanation. The absence of physical setting in the teacher
accounts was surprising, particularly because they spoke of it highly when immersed in
the dramatic research sites. It may be that teachers simply didn’t speak of place that
often because it was understood that the interviewers understood it as a key element.
Again, this should be specifically investigated.

In this paper, we argued that the teaching and learning of science represents a different
activity than the doing of science and that story can play a useful role for helping learners
to understand the practices of science as well as natural phenomena. Teachers used data
stories to carry extrinsic science explanations to their students rather than the original
authentic data. However, story alone does not seem to effectively carry the intrinsic scien-
tific explanations. While there is much potential for using narrative structure to support
data literacy and phenomenological understanding, greater intentionality is needed to
either incorporate the phenomena of study into the narrative structure or include
another mechanism to bring the phenomena into instruction.

Conclusion

Place-based TSPs hold promise for capturing the complexity of authentic science and
intentionally transferring that knowledge into specific classrooms. The resulting co-con-
structed stories become a melting pot of secondary and primary contextualisation. Tea-
chers and students are benefitted by considering how stories are constructed, co-
constructed, and re-constructed through transfer, and by intentionally including the full
range of narrative elements.

Disclosure statement

No potential conflict of interest was reported by the authors.



INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 19

Funding

This work was funded by a U.S. Department of Education Title II-A grant (award # S367B150032-
15A) and the Roundhouse Foundation. Data were provided by the H] Andrews Experimental
Forest and Long Term Ecological Research program, administered cooperatively by the USDA
Forest Service Pacific Northwest Research Station, Oregon State University, and the Willamette
National Forest. This material is based upon work supported by the National Science Foundation
[grant no. DEB-1440409].

ORCID

Michael Giamellaro (2 http://orcid.org/0000-0003-2826-6057
Kari O’Connell (2 http://orcid.org/0000-0003-2656-9898
Melinda Knapp'® http://orcid.org/0000-0001-6511-1041

References

Avraamidou, L., & Osborne, J. (2009). The role of narrative in communicating science.
International Journal of Science Education, 31(12), 1683-1707.

Bellocchi, A., King, D. T., & Ritchie, S. M. (2016). Context-based assessment: Creating opportu-
nities for resonance between classroom fields and societal fields. International Journal of
Science Education, 38(8), 1304-1342.

Brenner, M. E. (2006). Interviewing in educational research. In J. L. Green, G. Camilli, & P. B.
Elmore (Eds.), Handbook of complementary methods in education research (pp. 357-370).
New York: Routledge.

Bruner, J. S. (1986). Actual minds, possible worlds. Cambridge, MA: Harvard University Press.

Giamellaro, M. (2014). Primary contextualization of science learning through immersion in
content-rich settings. International Journal of Science Education, 36(17), 2848-2871.

Giamellaro, M. (2017). Dewey’s yardstick: Contextualization as a measure of experience in learning
and education. SAGE Open, 7(1), 1-11. doi:10.1177/2158244017700463

Giamellaro, M., & O’Connell, K. (2018). Numbers in nature, math on the mountain. Connected
Science Learning, 6(1), 1-26.

Gilbert, J. K. (2006). On the nature of “context” in chemical education. International Journal of
Science Education, 28, 957-976.

Gilbert, J. K., Bulte, A. M. W., & Pilot, A. (2011). Concept development and transfer in context-
based science education. International Journal of Science Education, 33(6), 817-837.

Gough, N. (1993). Environmental education, narrative complexity and postmodern science/fiction.
International Journal of Science Education, 15(5), 607-625.

Grbich, C. (2013). Qualitative data analysis: An introduction. Thousand Oaks, CA: SAGE.

King, D. T., & Ritchie, S. M. (2013). Academic success in context-based chemistry: Demonstrating
fluid transitions between concepts and context. International Journal of Science Education, 35(7),
1159-1182.

Metz, D., Klassen, S., McMillan, B., Clough, M., & Olson, J. (2007). Building a foundation for the
use of historical narratives. Science & Education, 16(3-5), 313-334.

Miles, M. B., Huberman, M. A., & Saldana, J. (2019). Qualitative data analysis: A methods source-
book (4th ed.). Thousand Oaks, CA: SAGE.

Milne, C. (1998). Philosophically correct science stories? Examining the implications of heroic
science stories for school science. Journal of Research in Science Teaching, 35(2), 175-187.

Norris, S. P., Guilbert, S. M., Smith, M. L., Hakimelahi, S., & Phillips, L. M. (2005). A theoretical
framework for narrative explanation in science. Science Education, 89(4), 535-563.

Paris, S. G., & Mercer, M. J. (2002). Finding self in objects: Identity exploration in museums. In G.
Leinhardt, K. Crowley, & K. Knutson (Eds.), Learning conversations in museums (pp. 401-423).
Mahwah, NJ: Lawrence Erlbaum.


http://orcid.org/0000-0003-2826-6057
http://orcid.org/0000-0003-2656-9898
http://orcid.org/0000-0001-6511-1041
https://dx.doi.org/10.1177/2158244017700463

20 M. GIAMELLARO ET AL.

Potvin, P., & Hasni, A. (2014). Interest, motivation and attitude towards science and technology at
K-12 levels: A systematic review of 12 years of educational research. Studies in Science Education,
50(1), 85-129.

Schacter, D. L. (1996). Searching for memory: The brain, the mind, and the past. New York: Basic
Books.

Shein, P. P., & Tsai, C.-Y. (2015). Impact of a scientist-teacher collaborative model on students,
teachers, and scientists. International Journal of Science Education, 37(13), 2147-2169.

Ward, T. ], Delaloye, N., Adams, E. R., Ware, D,, Vanek, D., Knuth, R,, ... Holian, A. (2016). Air
toxics under the big sky: Examining the effectiveness of authentic scientific research on high
school students’ science skills and interest. International Journal of Science Education, 38(6),
905-921.

Wolf, M. (2007). Proust and the squid: The story and science of the reading brain. New York: Harper
Perennial.

Appendix

Table A1. Concept codes drawn from existing literature.

Code Definition

Events Event tokens: Named events that happened in the past. Past time. Real time action. Chain of
events (plot). Perceived sequence of non-random events.

Narrative Appetite Foreshadowing. Desire to learn more about what happens.

Narrator Teller standing outside the events, even if present when it occurred originally and relating to
another person. Distinguishes narration from expository text.

Agency Ability to act. Can be a non-living entity that has or is perceived to have agency. Can also be

actions that can be seen as parallel to agency- relatable. Things cause or are affected by
events. Agency requires intentionality and mechanism.

Intrinsic explanation Explains some natural phenomenon and is part of the body of scientific knowledge.

Extrinsic explanation Explains something about science (e.g. process, historical events,), outside the body of
scientific knowledge. Unique, non-recurring events.

Narrative explanation Explains an event as a function of preceding events. Events as causes of other events.

Structure Reorganizing events and people (‘double-time structure’). Story goes somewhere- has or
anticipates a conclusion. Often starts with imbalances that end in resolution or failure.

Purpose Stated purpose or meaning of the story.

Receiver References to who has or who will be the consumer of the story. Audience must interpret.

Primary Content connections to ‘my’ experience. Learning in context.

contextualisation
Secondary Content connections to others’ experiences. Learning with context.

contextualisation
Codes derived from (Giamellaro, 2017; Avraamidou & Osborne, 2009; Norris et al., 2005)
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