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Abstract: Graphs and data tables play a central role in the formation and communication of
scientific findings. Competent graph users interpret graphs by understanding the limitations of the
representing role they play and other “real world” factors that may influence depicted relationships,
using personal experience to contextualize unfamiliar graphs. This suggests that improved
competency with using data inscriptions (i.e., data tables, graphs, maps, drawings, illustrations, and
pictures) develops as one accumulates a repertoire of research stories that can be used to support
interpretations of graphs and data. This study examines the discursive practices of teachers—how
they talk, what language they use, and what they gesture towards—while discussing academic
posters representing the research work of field biologists they did fieldwork with. The data suggest
that the teachers developed rich “stories” drawn from their field experiences, which they used to
describe their participation and to contextualize the findings that emerged from the field study.
However, despite a preponderance of graphs and tables on the posters, they made few direct
references to them. We suggest this occurred because the teachers had participated almost
exclusively in the data collection aspects of the research and not in the generative claim-making
part of the research. Nevertheless, the teachers’ narrative stories of their fieldwork suggest that they
appropriated many of the discursive and research practices of scientists through developing their
own stories-from-the-field—“Stories of Me”. They can relate these stories to their own students as
firsthand narratives demonstrating nuanced understandings of the practices of real-world research
and also use them as a foundation for planning inquiry activities for their own students. We
conclude that more participation in the generative, claim-making aspects of science research might
further enhance the ways in which teachers discuss research and research findings.

Keywords: RET; field stories; graphing; science literacy; ecology; fieldwork

“If scientists were looking at nature, at economies, at stars, at organs, they would not
see anything... Scientists start seeing something once they stop looking at nature and look
exclusively at prints and flat inscriptions... All laboratory observers have been struck by
the extraordinary obsession of scientists with papers, prints, diagrams, archives, abstracts,
and curves on paper” [1] (p. 15).

1. Introduction

Graphs and data tables play a central role in the formation and communication of
scientific findings [1,2]. Competent graph users interpret graphs with an understanding of
the limitations of the role graphs play in representation, as well as taking into account
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other “real world” factors that may influence the depicted relationships. It has been widely
argued that science teachers need to have more comprehensive backgrounds in science
practices and skills [3-6] with more hands-on experiences with authentic science inquiry
and science communities, which may lead teachers to adopt more inquiry-oriented
practices in their own science teaching [7-9]. Other suggested solutions include requiring
stronger science backgrounds [10,11], undergraduate research experiences [12,13],
improving their Nature of Science (NOS) background [14], and involvement with
scientists in their research projects [15]—expectations for teachers present in other
countries [16]. In this case study we examine the outcomes from teachers working with
scientists on their summer ecology field research over several years.

Science teachers are expected to understand the knowledge and practices of science
[17,18] and to develop their own “students’ skills and dispositions to use scientific and
engineering practices to further their learning and to solve problems” [19]. One might
expect that accomplishing this would involve having experience and practice with
scientific skills beyond that which is propositional, given that “...fluency in scientific
practices develops from continuing and extensive research experiences”, which has led to
calls for reform of undergraduate science education to provide more of these experiences
[20-22]. Over and beyond this, teachers need real-world graphical analysis skills to
effectively address the needs of their students in that area [23-25], the development of
which is complicated by disciplinary variations [26,27].

Beyond the acquisition of skills and practices, another framework for understanding
science as a discipline is that of the Nature of Science (NOS), which could be developed
by engaging teachers in authentic research experiences. In education, NOS is often
understood as propositional knowledge about the values and assumptions inherent to
scientific knowledge [28] that contribute to an interpretive framework [29] for making
sense of findings arising from inquiry investigations (or science “facts” as some call them).
NOS understandings include aspects of the philosophy, history, sociology, and
psychology of science addressing issues such as the tentativeness of scientific knowledge,
the role of logical arguments, testability, the role of theory, and record keeping
[30,31(Appendix H)]. Developing teacher NOS understandings has met with mixed
success, particularly when it comes to influencing their classroom practices. Abd-El-
Khalick [32] has argued that NOS needs to be foregrounded so that students actively think
about it, rather than just engage in activities that accurately reflect it, suggesting using an
explicit-reflective framework. Various authors have concluded that it takes more than a
single course with an NOS focus to result in changes in NOS-related practices in
classrooms [33-35], although some have reported positive changes [36]. Recently some
researchers have suggested that there are problems with the image of science that NOS
presents in that it privileges certain ways of knowing [37] and that it also needs to be
complemented by developing an understanding of the Nature of Scientific Inquiry (NOSI,
[38]).

For the most part, science teachers have few experiences conducting research or
engaging in scientific practices [38,39] beyond those of the typical confirmatory “lab”
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activities encountered in their undergraduate studies [40]. Consequently, they have had
little opportunity to develop these practical science skills or conceptual frameworks (i.e.,
NOS) to help guide investigation practices in their own science classrooms. Many
researchers have suggested that more hands-on participation in authentic scientific
research practices might help science teachers develop a more robust understanding of the
practices of scientists [41-43].

2. Theoretical background

2.1. Learning from participation in authentic settings

Various “research experience” approaches have been used to develop and enrich
teachers’ understanding of the socio-cultural practices of science, including elective or
science “methods™ courses, summer research seminars, and site visit participation with
scientists [41,44-48].

Some studies have reported that Research Experiences (RE) influences teachers’
perspectives on their teaching and sense of self. Rushton and Reiss [47] concluded that
REs helped teachers develop a professional identity that included teacher, scientist,
mentor, and coach with positive impacts on their professional self-efficacy as they adopted
a professional identity described as “teacher scientists”. Valente et al.’s [49] review on
teacher engagement with research experiences led by scientists concluded that these
experiences changed teachers’ perspectives on research—similar to the outcomes reported
in Sadler et al.’s earlier [50] and broader review of the literature. Sadler et al.’s review
noted that research experiences improved science content understanding and developed
more positive attitudes towards science and research but concluded that results were mixed
when it came to influences on science teacher practices. From their review of the literature,
Valente et al. [49] concluded, “...current research is limited in terms of identifying the
features of the RE that play the biggest role in the learning process.” (p. 6) noting that
“there are still several issues that require further investigation.” (p. 6) with respect to
outcomes from Research Experiences for Teachers (RET). From their own subsequent
study, Valente et al. [49] did not find that the improved understandings of, appreciation
for, and knowledge about inquiry that occurred resulted in increases in inquiry in teachers’
own classroom teaching, similar to the conclusions reached by Brown and Melear [44]. In
contrast, Wakefield [51] concluded that only in some highly structured circumstances can
RETSs result in changes in classroom practice.

Engagement in RETSs often draws upon and reflects two sociocultural frameworks
for understanding enculturation to practices, specifically those of Legitimate Peripheral
Participation [52] and communities of practice [53,54].

Disciplines, such as science, share practices, interests, social mores and ways, and
other cultural norms—varying by discipline and even sub-disciplines—forming a
Community of Practice (CoP). CoP has three crucial characteristics: The domain, the
community, and the practice, with the latter constituted by a shared repertoire of resources
including experiences, stories, tools, and ways of addressing recurring problems [54].
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People learn as they participate in “everyday” activities, the term everyday reflecting
activities of the community/communities of practice within which individuals are
embedded. If one is participating in a community of scientists, then those everyday
activities would involve those activities and interests which scientists engage in within
their community of scientists. New community members participate in various ways with
the established practices of the community. Lave and Wenger [52] suggest that for
newcomers to a community these practices are initially peripheral (i.e., not central to the
practices) but legitimate (i.e., authentic within the community context in that they are
practices the community actually engages in), a process known as Legitimate Peripheral
Participation (LPP). Then over time, as experience and competency are gained, the
practices engaged with become more core to the community’s practices. In a theory-of-
practice sense this can be seen as a move from nawe doxa towards an orthe doxa where
one both develops the skill of the community as well as adopting a more critical
disposition towards one’s community and its practices [55,56]. When a community
member is consistently engaging in core practices they have become an “old timer” within
the community and are firmly established as a community member. This acquisition of
scientific practices through LPP can be understood as acquiring “a set of dispositions that
structure perceptions of and actions toward the world, but are themselves structured by
the experience in the world” [57] (p. 20).

2.2. Inquiry, story(tell)ing, graphs and data

Considerable research in the sociology of science has reported that inscriptions (i.e.,
primarily data tables and graphs, as well as maps, drawings, illustrations, and pictures)
play a central role in the practices and narratives that form and communicate scientific
findings [58]. Although they play an obvious role in representing data, inscriptions also
both constrain and summarize data in ways that “lose” some of the information contained
within the data. There is a substantial body of research on the difficulties individuals
encounter when using and interpreting graphical representations of data [59-61]. GMB’s
own past research has reported on the ways in which preservice teachers engage in inquiry
and data analysis practices that are often inconsistent with the canonical practices found
in scientific research [7,41,62] and, for that matter, most undergraduate science courses,
which has been attributed to their lack of familiarity with data interpretation and natural
settings [7,40,63]. He and others have posited that these difficulties contributed in part to
some of the resistance to conducting classroom inquiry activities [39,40,64].

One way to develop competency at inscriptional and inquiry practices is to do so in
an “authentic” setting by engaging in real-world, long-term scientific inquiry projects
[7,65,66]. Drawing on the idea that science itself, and the multi-semiotic texts of science
(as described by Latour at the opening quotation [1]), are in themselves a “story” [67-69]
this paper is an examination of the narratives [70,71] related by teachers about their
participation with scientists conducting field research at a remote field site.

Stories derived from lived experience—and therefore storytelling—help us make
sense of the world [72] and are one of two main ways of thinking and knowing, which
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serves the purpose of sharing meaning between people [73], as stories implicitly and
explicitly teach about culture and sociocultural practices, what is acceptable and what is
not acceptable in that culture [74,75]. Stories about science and experiences with science
permeate popular culture following our graduating from schooling in many ways.
Countless movies demonstrate aspects of science and its practices, including “savior”
aspects (e.g., “Armageddon” (1988), where earth is saved from an asteroid), the
persistence of scientists in investigating problems (e.g., “The Man in the White Suit”
depicting the invention of synthetic fiber (1951)), and ethical issues of science (e.g.,
“Medicine Man”, where searching remote rainforest regions for antibiotic progenitors
caused the death of local indigenous people (1992), and “Oppenheimer” about the creation
of the atomic bomb (2023)), although there are issues with how accurately science is
portrayed in this form of media [76]. Newspaper reports about science are also stories
crafted to a particular formula, although again there are issues with the accuracy of what
is portrayed about the practice of science in news media representations of science even
predating Covid-19 coverage [77].

The idea of discursive practices, developed by Foucault, goes beyond the mere use
of language (i.e., the correct words) but also incorporates sets of practices and interactions
that relate to how knowledge is formed, the power relations within that, and the
construction of social reality [78]. Telling “stories™ about activities one has engaged with
is a discursive practice. Several researchers have reported on the value of using narrative
stories to teach about science [79-81], although there are several issues with this portrayal
of science as well [82], especially from the aspect of “heroic” stories. Milne [79] argues
that heroic stories misrepresent science in that they “focus on a hero of science who single-
handedly contributed to the development of science.” (p. 175), which could therefore lead
towards a “savior” expectation (that we will be “saved”; the problem will be solved by the
right person doing the right thing at the last moment). The critique of savior movies, for
instance, a term that often applies to inner city and racial issues [83], applies equally to
many stories about science/scientists (and saviorism in those) in that they misrepresent
relations and practices between insiders and outsiders.

Science stories are often conveyed secondhand (from the ‘hero’ to the narrator) or
thirdhand (passed down to others even further removed from the original event). These
types of story constructions—whether in textbooks, documentaries, or from teachers—
can have the same accuracy issues as the telephone game played by children in many
Western countries (see https://en.wikipedia.org/wiki/Telephone_game) in that the longer
the chain of description from the first event to the final recipient of the description, the
less accurate the end description often is (the end of which in storytelling is often idealized
and cleansed so that it little represents the actual event). In the (re-)telling of science
stories, this results in eidetic (i.e., idealized) images of science [84] that remove the
messiness found in actual scientific practice [85] and which confound effective
understanding of that science [7,70].

The biology field research project in which teachers were immersed for this study
fully represented the messiness (and hardships) of field research [70,71]. This RET,
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therefore, provided a rich opportunity for teachers to develop and share their own
narratives about scientific practice and the findings emerging from that field research.
When these teachers engaged in research with field biologists, they had the opportunity to
develop their own science-related “Stories of Me” rather than the stories about what
someone else did, the “Stories of Them” that are often (re-)related in schools and
news/entertainment media. This paper details our efforts to understand how multi-summer
RET participation by teachers at a Long-Term Ecological Research site in coastal Georgia
helped them develop an improved understanding of science inquiry, data interpretation,
and concepts and the associated discursive argumentation practices.

3. Research setting

Each summer over four years, the second author led a professional development
program that partnered teachers with field-based scientists as collaborative researchers at
a remote research station for nine days (an engagement length found to have productive
outcomes with the between-season supports; [86]). In this setting, small groups of teachers
(usually 1 to 3) worked alongside field biologists and/or their graduate students as they
conducted their field research. Teachers engaged in various roles, including field
sampling, data transcription, equipment handling (in both use and in (re)locating it at the
field sites), enumeration of samples (e.g., cleaning and counting organisms at both macro
and micro levels), preparation of chemicals and microscope slides, discussion of research
design and modification of methods, sharing and interpretation of observations made in
the field (as part of evaluating progress and methods), and so on. The research projects
themselves were truly “authentic” and “legitimate” in that they were the actual, ongoing
research of the biologists—the projects were not designed nor created merely for the
purpose of engaging the teachers but were instead part of the overall research agenda of
the lead biologists (often, although not always, university professors) and their graduate
students.

The research setting facilitated social interaction between teachers and researchers
on a day-by-day basis and in the evenings, which enhances the effectiveness of RETs [87].
Interactions between teachers and scientists extended beyond the field season, continuing
throughout the school year as they communicated with each other about their research
experiences, discussed ways of incorporating similar sorts of activities into their
classroom with their own students, and continued to interact with the biologists about the
research projects as the academic work on the projects progressed between the field
seasons (when the scientists conducted analysis and engaged in academic endeavors such
as conferences). Between field seasons, the biologists also offered feedback and
suggestions to the teachers to help support developing school-based activities for the
teachers’ students. In addition, on some projects between seasons, the biologists also
included teachers in discussions about the data analysis (although not the analysis itself),
future directions of the research work, and research conclusions. This extended
engagement between researchers and teachers occurred both through virtual meetings
during the year between field research seasons as well as upon the teachers’ return to the
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field sites in subsequent years.

The teacher participants in the field seasons ranged in age from 22 to over 50 years
of age and evolved over the 4 years of the program as some participants did not continue
and new teacher participants then attended, while other teachers returned every year. Over
the years, the participating biologists also changed as graduate students completed their
dissertations, researchers changed institutions, and funding priorities shifted from one area
of focus to another.

3.1. Data collection and interpretation

A wide variety and large amount of data was collected for the broader data corpus
across the four field seasons, including copies of the teachers’ field notebooks; annotated
photographs of their work with biologists; video recordings of their fieldwork and
laboratory work (at the field station) and interactions with the biologists; interviews both
during and between field seasons; ethnographic field notes; and so on. In addition, detailed
records of the research field setting were made (including photographic, interview, and
impressionistic field notes) and entered into the database.

For this study, volunteers were recruited from among the teachers participating in the
fourth field season, and two were selected for recorded video interviews (time restrictions,
availability, and resources limited this study to two participants). These two teachers were
selected to participate in this research because (i) they each had long participation records
working at this field research site (each had participated at the LTER field station for 3
years), and (ii) they represented a polarity of teaching experience. One interviewee was a
new teacher who had just completed their first year of high school science teaching; their
first two field seasons occurred at the end of their third and final year of teacher education.
The second interviewee had 15 years of experience teaching high school science.

For this article we draw on three data sets drawn from the broader data corpus. Two
of those are drawn from the dataset collected at the Long-Term Ecological Research
(LTER) field station: (1) Detailed photographs were taken of posters created for science
research conferences that were posted in the living area and laboratory area of the field
research station, which were therefore constantly available to the teachers, showcasing
research conducted at the LTER site, and (2) GMB (a visitor invited to the research site
by PH) conducted video-recorded interviews with the two teacher volunteers as they
discussed the academic poster depicting the research project they had participated in.

As a third data source for analysis, to provide interpretive context for the interviews
with the teachers and the research poster analysis, video recordings were made of
conference presentations at an academic conference of research work conducted by
scientists at different field settings. These presentations were of research work comparable
to that conducted at the LTER field research site, and the video recordings were used to
provide a description of how field researchers discussed their research findings at an
academic conference. The rationale for analyzing the posters and presentations is that most
research on the use of inscriptions in science focuses on their use-in-action (as part of the
day-to-day conduct of the research) and use in publications of the research [58,88] but
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does not focus on the intermediary role of conference presentations (either on posters or
verbally), so an analysis of their usage in these settings provides a comparative context
with the discussions by the teachers in their interviews where they discussed posters from
academic conferences.

Interaction analysis [89] and grounded theory [90] provided the foundation for
analyzing the posters, video recordings, and transcripts on the assumption that
understanding and reasoning are observable in the form of socially structured and
embodied activity [91]. For each data set we first independently viewed and annotated the
data sources, and each of us constructed individual assertions from those. [Note: In the
case of video recordings, the viewing/annotation involved viewing the video and the
transcript simultaneously, noting in the transcript what gestures and motions the
interviewees made while discussing the artifact they were viewing. These were reviewed
as necessary when constructing joint claims]. Then, together in joint sessions, we
collectively examined these individual assertions, critiqued each perspective, and (re-
)examined the database for confirming or disconfirming evidence, which was used to re-
frame the collective assertions. Our final joint claims arose from many such iterations of
this process.

Using the above-described approach, we first analyzed photographic representations
of all of the posters on display at the research site to contextualize the discursive and
inscriptional resources the two teachers were able to draw on to frame their discussion of
their academic research poster. Given our interest in inscriptions, we analyzed the
frequency of different types used in the research posters at the LTER field station to
support research findings.

Secondly, we then analyzed the video recordings of spoken conference presentations
of biology research work comparable to those represented in the LTER academic research
posters. The analysis of the spoken conference presentations focused on calculating the
amount of time a presenter spent discussing the different types of inscriptions (i.e., text,
tables, graphs, diagrams, maps, and photographs) in their conference presentation slides.

Finally, we analyzed video-recorded interviews and transcripts from the two teacher
participants. Each discussed an academic research poster prepared for and presented at
conferences by the field biologists they had worked with. The poster summarized and
reported on the field research projects the teachers had participated in during previous
summers.

3.2. Description of data and findings

Inscriptions are commonplace in science writing, as well as in laboratories and field
settings where data is compiled. Consequently, they play a central role in the rhetoric of
constructing science claims [58], although their use in intermediary settings, such as
conference posters and presentations, is less well documented. As the goal of having
teachers actively participate with field scientists in their research was to improve their
overall science literacy (i.e., understanding of science practices as enacted during actual
research) and discourse about those practices, it is not unreasonable to examine how the
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teachers engage in discussions of their fieldwork experiences and the associated
inscriptions (i.e., the posters).

To provide context for the discussion of the interviews with the two teacher
participants, we will first establish (a) how the scientists themselves chose to represent
their research projects in conference posters with a particular focus on the use of data
inscriptions (i.e., graphs, data tables, maps) and (b) what focus on inscriptions occurs when
research work is discussed at a conference. Following this, we will then examine the
degree to which the two posters discussed by the teachers compare to those in the overall
data set.

1) Use of inscriptions in posters at the LTER site

According to the LTER station site manager (Pers. Comm.), the 13 academic posters
on view in the hallways at the research center were representative of the variety of research
projects conducted at the research center over the previous years, including those research
projects that the teachers had participated in. Drawing on his own experience attending
science conferences over the past 30 years, the first author concluded that the posters on
display in the halls at the LTER field station depicted a normative cross-section of research
posters at academic science conferences, in both their structure and design (i.e., their
discursive style, their use of inscriptions, and the manner in which they constructed
scientific claims) and physical size. Given that the LTER field station posters depicted a
representation of data and the construction of scientific claims by academics from multiple
institutions over several years, this representative nature is hardly surprising. As a further
indication of their typicality, a comparison of the LTER posters with a stylized, idealized
poster image in a handbook on communication skills for scientists (see “Preparing a
Poster”; [92]) suggested that they conformed reasonably well to those design suggestions,
including in their use of inscriptions and the area devoted to them, in the size and outlining
of text, and in the degree of detail they offered.

Table 1. Total number of different types of inscriptions in scientific posters (n = 13) and the typicality of the posters
discussed during interviews by teachers in this study.

Number of Number of posters with Present in poster of participant #1 Present in poster of participant #2
inscriptions that type (Kathy) (Trevor)
Pie chart 11 2 4}
Bar chart 24 8 o4} 4}
Line graph 33 7 4} 4}
Scatterplot 127 7 |
Tables 10 7 o4}
Photographs 27 6 4} 4}
Maps 29 11 4} 4|
Diagrams 17 6
Models/flowcharts 10 6
Formula 3 2
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Overall, the LTER posters featured a predominance of graphical inscriptions and data
tables (Table 1), similar to those reported in formal journal publications, although the
prevalence of photographs, maps, and diagrams was proportionately greater relative to the
amount of text than was reported in academic journal publications [88].

Comparing the posters discussed in the teacher interviews with the overall LTER
posters, we conclude that they were reasonably representative of the available LTER
research posters in their use of inscriptions, particularly in their use of both high-order and
low-order (i.e., more to less abstracted) graphical representations.

2) Discussion of inscriptions in biological conference presentations

While the frequency of inscriptions in the posters suggests that they play a significant
role in the construction of the knowledge claims, analysis of the posters alone provides
few insights into whether the discussion of research by scientists at a conference would
have focused on inscriptions. To further illuminate the role that inscriptions play in
presenting a research project, two hours of video recordings (comprised of 10 research
project presentations) made during a one-day symposium of biological research (described
in [70]) were analyzed. This analysis found that even though presentation and discussion
of text was quite important (35% of the presentation time explicitly discussed text
representations), discussions of visual inscriptions dominated the presentations (37% of
presentation time discussed tables, graphs, or diagrams/models; maps were discussed 8%
of the time; and photographs were discussed 21% of the time). On average the discussion
of non-text inscriptions accounted for almost two-thirds of the time allocated to a
presentation.

Overall, these two analyses of research presentations at conferences suggest that a
compelling argument can be made that presentations by scientists of their research work
at academic conferences have a major focus on the representation of data in tables and
graphs, which thereby play a central role in the construction of knowledge claims
emerging from the work. These scientific knowledge claims are constructed and discussed
in conference settings using a considerable number of explicit references to data
inscriptions—with more of a focus on visual, non-text representations in conference
settings relative to text than was previously reported in scientific journal publications [88],
reinforcing the centrality of data representations in scientific practices, as described by
Latour [58].

3) Discussions of research posters by teacher participants

A) Trevor, the “new” science teacher

When discussing their participation in the research projects using the poster as a
referent, the two teachers frequently gestured towards specific parts of the poster as a way
of focusing the interviewer on the salient parts of the poster to contextualize their
comments. To aid in interpreting the following discussion of Trevor’s gestures towards
the poster during his interview, we provide a sketch representation of the poster Trevor
discussed. Trevor’s poster was comprised of three text blocks, seven different graphical
inscriptions, one map, and four photographs (Figure 1). In the beginning of Trevor’s
interview about the research poster, while he was providing a descriptive introduction to

10
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the field research project it represented, Trevor gestured towards the map on the poster
(see Figure 1) to indicate the specific locale at which sampling was conducted.

Abstract

Line Graph

Line Craph Caption

Introduction

Title, authers & instihition
Bar Chatt
Combined Bar/Line Graph
Ilap
Caption
Photo il Caption _} Claption Discussion
Scatterplot wf Scatterplot w/
Trendlne Trendline
Idethods Caption Caption
Photo
Results Cited Literature &
; Acknowledgements
Caption
Photo
Caption Bar Graph Fie Chart
Phote
Bar & Pie Chart Caption
Caption b -

Figure 1. Depiction of poster discussed by Trevor.

“Here we went up the Duplin River, trawling for blue crab, and we trawled three or
four different sites, pulled in the nets, dragged the bottom for | guess about a good quarter
of a mile for each trawl, and pulled the nets in and separated blue crabs and shrimp.”
[TREVOR 040716; italics indicates when he was gesturing on/at the map on the poster].

In this instance of gesturing to the map, Trevor did so by pointing non-specifically at
the overall map. Later in the interview, when describing the sampling locations, he used
his finger to specifically indicate the areas involved in the trawl.

“If you go, we came up, you see, there’s a refuge, so we went in here and went
probably further up north here ‘til it starts to really get very shallow, and we’d trawl
backwards, so we’d run our way up, out near the wildlife refuge area back here, and just
trawl our way back, pick up and go, and we put in over near the gas station, and I can’t
remember exactly where on the island the gas station is; it’s over, it’s in this area over
here, so it was nice; | enjoyed it.” [TREVOR 040716; italics indicates when he was using
a finger to specifically refer to locations on the map as he was describing it].

Trevor’s use of specific areas on the poster as a referent for his narration was not
limited to interpretations of the map. He also made specific references to the photograph

11



Forum for Education Studies 2025, 3(3), 2997.

of the fisherman who helped with sampling during the year and provided a detailed
description of a sampling regime by referring to a bar chart. To illustrate this, we include
the following interview excerpt in which Trevor describes the types of sampling conducted
by the field researcher the year before he worked with her, using gestures to reference the
bar/line graph on the poster (refer to Figure 2 while reading the quote).

Figure 2. Bar graph used by Trevor as a referent for describing the sampling regime
used by the researchers.

“But, this is the [his fingers drift over the two line charts (one of which is for salinity)
and then taps on the middle of the bar graph above them] big thing, was the drought that
we had in 2002 & 2003. Just the no rain increased the salinity big time in the Duplin, and
all that infection shot way up. But if you notice, | guess she was only doing trawls [two
fingers tap twice on the June & July labels] in June and July when she was here doing
research and was picking up samples. Because | remember that she said that she would
always have to drive down and go with Jimmy once or twice [a finger taps on the lower
part of the four bars preceding June/July, and then less specifically on two afterwards]
and pick up from his crab pots, which apparently is very dangerous.” [TREVOR 040716].

Trevor’s gestures did not seem to be intended to provide a detailed interpretation of
the graph’s data but rather functioned as reference points for describing the researcher’s
sampling activities across different times of the year.

Throughout the interview, Trevor made only a single gesture which could be
interpreted as elaborating on the interpretation of a graph. This gesture occurred when he
was referring to an increase in salinity being correlated with an increase in infection rates
(“the higher the salinity, the more the infection), during which he traced his finger along
the line-of-best-fit, which was laid over the raw data points.

In total, Trevor gestured specifically toward (i) the map four times, (ii) five of the
seven graphs on ten occasions, (iii) the poster text twice, and (iv) two of the four pictures
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twice during his twenty-minute interview. Apart from the exceptions detailed above, these
references could be described as point-tap or point-tap-tap; in other words, they were
brief, generalized gestures to focus the interviewer on a specific part of the poster or
inscription as opposed to specifically assisting in the elaboration of the text of either the
poster or Trevor’s description (we noted that this may be because he assumed that the
interviewer could interpret those inscriptions for themselves during his narrative).

Another significant aspect of Trevor’s interview was how he positioned himself
relative to the biologists in the research group. Throughout the interview, he made
references to the field researcher in a manner that indicated that, from their perspective, it
was clearly her project. However, he also identified himself as being part of the project in
an ongoing fashion. Our interpretation of this arises from the following interview
incidents:

() Trevor referred to his participation in the project using the term “we”, even when
discussing the project in the present tense.

(1) Trevor saw himself as an ongoing participant in the research project (even though the
researcher was no longer at this LTER research facility) and looked forward to
receiving future information on the progress of the project.

(1) Trevor indicated he was aware of the history of the project and the data collected
even prior to his own involvement. This information was salient enough to him that
he remembered it a year after his participation in collecting the data and related it as
part of the interview.

(IV) Trevor expressed interest in obtaining his own samples and collecting parasitic
infestation data from them to further contribute to the data collection of the research
project.

From these data, we concluded that Trevor saw himself as part of an active, ongoing
research project and that, although that particular field research project was no longer
based out of the LTER site, part of his identity was as a research project participant in that
project.

Several parts of Trevor’s interview also indicated that he had developed
understandings of the practice of science common to “real-world” science but much less
common to “school science” (as portrayed in textbooks and classroom laboratory
practices). For instance, he noted that the study of the parasitic species on crab emerged
from a changing crab population reported by the crab fishery, that the field researcher
generated new questions as the fieldwork progressed, collecting data beyond the original
project’s focus, and that those new questions emerged from inadvertent, casual
observations that occurred as a consequence of collecting data for the original project
(practices documented in a study of different field researchers reported by Roth and
Bowen [93]). In addition, Trevor described contingencies in the field that affected the
conduct of field research (so that they deviated from an “ideal” approach), such as the way
in which “crabbers got really pissed off that [the university] was setting up crab traps” and
that this affected the data collection approaches available to the field researcher.

Trevor also indicated in conversations with other teachers that he understood the
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generative (i.e., epistemic) nature of science and that reporting data and claims was an
important feature of the conduct of science. Near the end of their field period, when the
teachers were collectively designing a poster to represent their field experiences that
season, Trevor asked, “Would it be okay if we waited until we got some of the data and
tables that list the crabs and numbers from [the field researcher] and moved some things
around and added them before we had the poster printed?” This question indicated that he
proactively recognized the role that inscriptions play in representations of science
research. Trevor wanted the teachers’ posters— created to be displayed in their schools—
to authentically represent their field experiences. He believed this required including
graphs and claims that derived from the research at the LTER field sites. From these
statements we conclude that Trevor had developed a more nuanced and robust
understanding of the practices of science than that usually evident in a recent graduate
from an undergraduate science program (such as described in [62]).

B) Kathy, the “experienced” science teacher

Kathy, the second teacher interviewed using a conference poster of the field research
project she had worked on, engaged in discursive practices similar to Trevor’s—except
for one key difference. When making her gestures, Kathy frequently referred to the map,
starting with it—just as Trevor did—to delineate the research question and then revisiting
it multiple times to emphasize aspects of the research design and findings, and she also
referred to four of the five pictures on the poster (which represented the organisms studied
in the field research). As did Trevor, she also discussed some of the text explicitly by
pointing at it and trailing her finger along it. However, unlike Trevor, only one single time
in the 19m:30s interview did Kathy gesture towards one of the four graphs on the poster,
using it as a referent for her continued interest in the project despite some of her
involvement having been two field seasons ago, “...some of this stuff was two years ago
now, and I'm still interested in it” (italics indicate when she was tapping on the graph with
her finger).

Overall, Kathy specifically gestured towards the map eight different times (usually
in a prolonged fashion, pointing back and forth at different locations), towards four of the
five pictures nineteen times (the unused picture was not a “research” picture with a caption
but was a general picture of a marsh), towards the poster text three times (all in the
summary/conclusions section), and, as mentioned, towards one of the four graphs only
once. However, her referring to the map and photographs was generally much different
than Trevor’s approach. While talking, Kathy’s fingers moved back and forth, gesturing
between different parts of those images to emphasize different components of the design
of the project, what was significant in the organisms that were being studied, and even
significantly salient aspects of the data that were collected (by indicating areas of the leaf
that had been consumed, etc.).

Kathy also indicated ways in which she had appropriated practices more common to
participation in authentic research. She explicitly referred to her field record book, in
which she had recorded both observations and data collected in the field to find details of
the study design from her participation in the project being discussed. In her discussion,
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she also referred to and drew connections —both in study design and in equipment
comparability—between the study she had participated in and other studies with different
organisms by other researchers conducted out of the LTER research station (but in
different environments in the local area). Further, Kathy discussed how she was going to
appropriate practices from these different studies to design a research project for her
students in her school to investigate similar phenomena (although she professed to not
knowing “what kind of critters, what kind of predators, or what kind of grasses I’'m going
to mess with, but I’ll work something up”), demonstrating her ability to apply ecological
principles and research questions across different biological settings. In our analysis we
concluded there were similarities between her prolonged interest in investigating these
issues and Trevor’s interest in ongoing and further participation in the project in which he
had been previously involved (which was not as amenable to transfer to a new setting as
were the studies Kathy was drawing on).

4. Conclusions and implications

Most undergraduate science programs contain few activities that resemble the
science environments engaged in by professional scientists (see a discussion of this in
[7,70,94]) such that science teachers have little experience with the conduct of science in
“authentic” settings [6,39,40,95], although there are now many recent efforts to provide
research experiences for undergraduate (REU) science students (see [50]). Research into
the practices engaged in by pre-service science teachers during inquiry activities suggests
that they engage in inquiry practices that do not align with the priorities of reform
documents [62,96]. Yet, many reform and curriculum documents encourage teachers to
involve their students in activities that reflect professional science in the form of student-
directed, open-ended inquiry activities in community-based “real-world” issues where
those practices and many others are encouraged.

The overall goal of the LTER project was to increase the knowledge and experiences
of teachers about actual science practices (both applied and conceptual) so they can use
these ideas to inform their own classroom approaches. How are we to understand the
interpretations of the posters by the two participants to allow us insights into the original
goals?

One can conceptualize science disciplines as being comprised of a number of
different, although interrelated, practices. For instance, one could adopt the perspective
that central to the practice of science is the asking of questions, the operationalization of
these questions (including the negotiation of what constitutes acceptable methodology),
the actual collection of the data and the organization and summarization of it (using tables,
graphs, etc.) in a manner acceptable to the community, the interpretation of the data to
construct knowledge claims, and ultimately the integration of these knowledge claims into
related scientific theories. Overlaying all of these operations is the inherent social nature
of science practice [58,97,98], which means that each of these features is negotiated for
appropriateness both within localized research groups and more broadly (for instance, at
conferences and then in publication, where findings are accessible to others than those
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who attend conferences) and also temporally, as the findings are first compared to similar
studies in the short term and then are used (or rejected) in developing or refining
theoretical claims in the long term. As members participate in each of these settings, they
will find particular discursive patterns both amongst different members (such as between
graduate students and professors) and also in different settings in which the community
operates [70].

In general, one can argue that this progression from observation to question to theory
is a trajectory of complexity where one progresses from participation in the “real world”
to forming an explanatory abstraction of the real world (Figure 3). This makes clear the
enormity of understanding the participation of “new” members as they progress along a
trajectory from “newcomer” to “old-timer” [52], as this trajectory involves the
appropriation of material practices, a variety of discursive practices, and a shift from lived
experience in the real world towards trying to abstract the real world and explain
phenomena within it theoretically.

locality compatibility
particularity standardization
materiality text
multiplicity calculation
continuity universality
data table graph equation g

o | I I I I |l oo
World Sign
("real”, ("abstract")
“concrete™)

Figure 3. Movement from “world” to abstract “sign” [7].

4.1. Narratives about practice

The discussions engaged in by Trevor and Kathy with the interviewer (GMB, also a
former biology field researcher) about the research posters were similar to the “field
narratives” that were engaged with among field biologists in other studies [51]. In each of
their cases they were not telling field stories of “others” but were telling stories about
themselves—what we call “Stories of Me”—and the others they participated with. Both
Trevor and Kathy saw themselves as part of the project, not as a viewer of the project.
This is reflected in places other than their interviews, as the teachers (all of them, not just
our participants) decided that one of the things they were going to do was complete posters
to put up in their schools to show their students about the field research projects they were
participating in and, as detailed with Kathy, considered plans to adapt the field research
projects at the field site to projects that their own students could engage with. Collectively,
this suggests that Trevor and Kathy had moved beyond the “participant narrator” role
discussed by Giamellaro et al. [46], moving towards constructing an identity described by
Rushton and Reiss [47] as “teacher scientists™.

Enculturation into practices through LPP occurs in field settings in several ways,
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including the appropriation and development of field stories. In our interviews here (and
elsewhere at the field site), teachers related stories to each other about their field
experiences and related telling stories of their experiences to their own students. In field
science these stories are not just told for entertainment purposes; they are the foundation
of developing an understanding of relationships between phenomena
observed/experienced in the field; they form the foundation for constructing more
comprehensive discussions of inscriptions; and they are an important component of
identity formation [71]. Beyond this, these stories-from-the-field are not just “war stories”
of deprivation and difficulty [99] but are part of “appropriating the tacit knowledge that
characterizes ecologists” [56,96].

4.2. Stories as part of moving from newcomer to old-timer

The accumulation and relating of field stories would appear to be part of the ordering
of stories, from a “muddled” understanding of relationships to more canonical science
discourse and an understanding of probabilistic relationships as depicted in graphs and
models [63,100]. In other words, developing and telling field stories is part of the
movement along the trajectory from newcomer to old-timer. Being able to engage in these
stories-from-the-field demonstrates the development of a more robust understanding of
science practices, illustrating movement along the trajectory from a na'we to a more
informed doxa. For instance, Trevor and Kathy demonstrated an understanding of asking
guestions that relate to understanding broader relations in science (such as in the
conceptual and methodological transference from one setting to another discussed by
Kathy), and their discourse demonstrates an understanding of how to design and conduct
science research studies in “real world” settings in such a fashion as to accommodate
constraints imposed by those settings (such as a commercial crab fishery). Further, both
their discussions resembled those of experienced practitioners discussing their work in
informal settings [70,96] as their narratives about the research posters involved a
considerable elaboration of stories of field experiences to enrich their discussion of the
knowledge claims made in the studies. From this we concluded that our teacher
participants developed a better understanding of the socially and culturally embedded
aspects of scientific research [101,102] as well as a more comprehensive understanding of
the Nature of Science (although we cannot claim that they have a conscious awareness of
this).

The use of technical language in scientific discourse creates “a barrier between those
who can speak and understand [it] and those who cannot” [103] (p. 7), especially when
there is an increase in the use of jargon [104]. The multiple facets of scientific discourse
and texts, their often-expository nature, and the specificities of domain-specific discourse
make the formal language of science more difficult to understand [105], but the informal
nature of field stories and the settings they are told in serve as stepping stones toward the
appropriation of more formal scientific discourse. Scientific discourse is also multi-
semiotic (involving texts, graphs, images, diagrams, tables, and so forth) and consequently
differs substantially from the conversations of everyday life. Avraamidou and Osborne
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[80] argue that fictional narratives, unlike the experiential stories discussed in this study,
offer considerable benefits in teaching students about the practices of science—but it is
hard to imagine these fictional narratives being multi-semiotic. Nevertheless, there is little
reason to suspect that field stories based on personal experience would be any less
effective than fictional stories, especially as teachers would be taking into account the
academic level of their audience in the (re)telling and so would be less likely to use the
technical language of science. Egan [106] noted that, “Teachers tell their students stories
from the first day they start school” (p. 5), and arguably stories play an important role in
the teaching of any subject, including science (although Egan notes they play a lesser role
in more “serious” subjects). In this study teachers seemed to use the structure of the stories
[72] to both develop and demonstrate their understandings of the studied
phenomena/relationships—dialectically moving back and forth between their role(s), their
memories of the field researchers and field setting, and the varied representations in the
poster—akin to the understandings also held by the scientists.

As researchers, we are under no illusion that the stories that the teachers related to us
are identical to those they would tell their own students, as any act of storytelling is an
interaction between the teller and their audience whereby some aspects are highlighted for
some audiences and not others [71,107]. Nevertheless, any first-hand narrative of their
involvement they would tell their own students would differ from those about research
that students would normally hear (i.e., stories of others). Almost all the stories’ students
would normally hear about science are being told at a distance, the story told by someone
who the story was (also) told to; rarely would K-12 students hear firsthand accounts about
the doing of science. Understandably, stories told from a first-hand perspective have a
considerable capacity to capture students’ interest, and they model (science) practices
from a first-hand perspective [108]. When Kathy engages her own students in the inquiry
investigations she discussed, she will be able to answer questions they ask from firsthand
experience, with a credibility embedded in her actual practices in the field. Discourses are
the central ordering practices of communities [109], and by relating her “Stories of Me”
to her students, Kathy will be convincingly modeling the practices of science, facilitating
and enhancing the inquiry investigations she is planning for them.

4.3. Limits of the field research experience

However, there was one notable difference in Trevor and Kathy’s discussions of the
posters relative to research presentations by scientists, which was seen in how both Trevor
and Karen referred to and incorporated graphical inscriptions in their narratives. Despite
previous evidence that a rich repertoire of stories was a necessary component of
effectively interpreting graphs and data [71], it is apparent from this study that being able
to draw on a repertoire of stories does not necessarily result in an interpretation of the
available inscriptions actually occurring. Despite graphical inscriptions being central to
the construction of claims in science and despite their own ongoing participation in the
research setting, neither of the teacher participants linked the graphs on the posters to their
descriptions of the field research findings in any detail, although each provided a rich
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qualitative description of the research findings in the two studies. Why might they not
have made more frequent reference to the graph and data inscriptions? Why might such
discrepancies exist? And are they important?

The setting in which the teachers participated involved data collection in both the
field and at the data entry level. However, for the most part, these teachers did not
participate in the specific and detailed analysis of the data that usually occurs in the months
following a field season (which, one should note, is different from the observational-level
analysis that occurs as one participates in collecting data in the field). It is during these
after-the-field-season analyses that inscriptional representations such as those found on
the poster are constructed. Thus, Trevor and Kathy presented and discussed data
conclusions and summaries consistent with what they personally experienced during the
field-based project work they participated in. What each did discuss, during their
interviews, were the generalized “as this goes up, this goes down” type of statements
related among researchers as they engage in research in field settings. Consequently,
Trevor and Kathy’s poster discussion of inscriptions reflected the discourse around the
collected data with which they participated during the field research itself. During their
fieldwork, neither teacher developed an orientation towards referring to graphs and data
tables in the posters, such as occurred in the recordings of conference presentations by
scientists, because they had experienced no such enculturation towards those practices in
their field research experience.

Overall, one could characterize these sorts of general statements of findings as being
ones that represent qualitative as opposed to quantitative relational comparisons between
phenomena observed in the field research. This difference is, we suspect, significant, as it
characterizes the difference between how one engages in understanding phenomena in
one’s own everyday life and the detailed types of distinctions necessary to construct more
explanatory scientific models. In the former case, a qualitative understanding of relations
between observed phenomena is both sufficient for and consistent with practices we
engage with and understandings we have of phenomena on an everyday “in-real-life”
basis. However, to construct and test the broad, conceptual, formulaic mathematical
models that are the penultimate goal of scientific research, one must learn to understand
the relations of phenomena in substantially greater detail with more nuance. Thus, those
becoming specifically enculturated towards full participation as researchers are
encouraged, in their professional settings such as conferences, to discuss data relations in
a manner that allows one to achieve the development of science theory, which explains
the quantitative foundations of those academic discussions.

So, in our view, the teachers in this study participated with and effectively
appropriated practices and discourse that represented that which was present in the field
settings in which they worked but not those discursive and rhetorical practices present at
conferences or in publications of formalized science findings that are embedded in
theoretical and conceptual frameworks. This suggests that developing approaches to
further teacher participation in these practices (such as developing understanding of
argumentation reported on by Chowning [110]) may be beneficial, while recognizing that
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there are issues with participating with fieldwork (see [111]) that may need to be addressed
for some teachers who are interested in such activities. Other approaches taken during an
RET may also be productive in expanding teacher understanding of how to talk about
research. For instance, scientists working with teachers in an RET could model how they
present their research at a conference, highlighting how they use graphs and data tables to
support their arguments and claims. It is possible, for instance, that Trevor and Kathy
could have better incorporated graphs and tables in their discussions of the posters but did
not do so because they did not realize it was a core practice of science presentations in
scientists’ CoP. Field RET activities could also balance data collection engagement with
some in-field data analysis and claim-making activities (although we note that this might
be asking the scientists to misrepresent their field research practices and thus be less
“authentic”) as an approach to developing teacher data literacy practices.

The implications of this are important for developing future participations in real-
world science if one wants to develop teacher competencies that better reflect the evidence
used to construct science claims (i.e., improved data and graph interpretation skills).
Participating in fieldwork such as these teachers did appears to have generated
competency in a considerable number of scientific practices (material, discursive,
rhetorical, etc.), although apparently less so in the detailed discussion of the relations
between phenomena or in the everyday use of inscriptions in understanding these
relations. We conclude that for RET activities, an increased participation in after-field-
season types of analytic activities in which teachers are part of the sense-making data
practices of scientists may be an important component in teachers’ appropriating further
competency at the abstracted theorization component of scientific practice.

This is not to say that participation in field settings at this study’s level was
unproductive for teaching practices. As “teacher scientists,” both participants in this
project reported that their involvement influenced their teaching about and use of inquiry,
that it positively affected their self-efficacy, and that their telling of firsthand “Stories of
Me” about working in research gained them more credibility in science with their students.
Field experiences such as those these teachers engaged in also broaden opportunities for
teaching science. As Ford [81] notes, even using the stories of others, such as by using
trade books in elementary classrooms, is “not likely to convey a sophisticated image of
the nature of science without contextualization by teachers and other knowledgeable
adults” (p. 214), and these field experiences provide that type of context for using those
types of stories.

Finally, we acknowledge that this qualitative study focused on two teachers who may
not be representative of a broader selection of teachers who could participate in RETs and
further that how the group of teachers was chosen to participate in the LTER RET over
four seasons may be subject to an unknown selection bias. As such, even though we
believe our two volunteers were representative of outcomes for the overall group at the
LTER field site (based on engagement with them over multiple field seasons), our findings
may only reflect the competencies of the two teachers we interviewed in this study.

20



Forum for Education Studies 2025, 3(3), 2997.

References

1.

10.

11.

12.

Author contributions: Conceptualization, GMB and PH; methodology, GMB and PH;
formal analysis, GMB and PH; investigation, GMB and PH; resources, GMB and PH; data
curation, GMB and PH; writing—original draft preparation, GMB and PH; writing—
review and editing, GMB; visualization, GMB; project administration, PH; funding
acquisition, PH. All authors have read and agreed to the published version of the
manuscript.

Acknowledgments: This work was supported in part by grants to Patricia Hembree from
the Georgia Teacher Quality Higher Education Program and from the NSF through the
LTER School Supplement Grant. This study was approved by the Institutional Review
Board of the University of Georgia and the Research Ethics Board at the University of
New Brunswick.

Institutional review board statement: This study was approved by the Institutional
Review Board of the University of Georgia and the Research Ethics Board at the
University of New Brunswick.

Informed consent statement: Informed consent was obtained from all subjects involved
in the study.

Conflict of interest: The authors declare no conflict of interest.

Latour B. Visualisation and cognition: Drawing things together. In: Kuklick H (editor). Knowledge and society studies in the
sociology of culture past and present. Jai Press; 1986. pp. 1-40.

Gardner SM, Angra A, Harsh JA. Supporting student competencies in graph reading, interpretation, construction, and evaluation.
CBE—L.ife Sciences Education. 2024; 23(1). doi: 10.1187/cbe.22-10-0207

Crawford B, Capps DK. Teacher cognition of engaging children in scientific practices, In: Dori J, Mevarich Z, Baker D (editors).
Cognition, metacognition, and culture in STEM education: Learning, teaching and assessment. Springer; 2018. pp. 9-32.
Lederman NG, Kuerbis PJ, Loving CC, et al. Professional knowledge standards for science teacher educators. Journal of Science

Teacher Education. 1997; 8(4):

233-240. doi: 10.1023/A:1017189315539

Mork SM, Henriksen EK, Haug BS, et al. Defining knowledge domains for science teacher educators. International Journal of
Science Education. 2021; 43(18): 3018-3034. doi: 10.1080/09500693.2021.2006819

Roth WM, McGinn MK, Bowen GM. How prepared are preservice teachers to teach scientific inquiry? Levels of performance in
scientific representation practices. Journal of Science Teacher Education. 1998; 9(1): 25-48. doi: 10.1023/A:1009465505918
Bowen GM, Roth WM. Data and graph interpretation practices among preservice science teachers. Journal of Research in
Science Teaching. 2005; 42(10): 1063-1088. doi: 10.1002/tea.20086

Kolbe T, Jorgenson S. Meeting

instructional standards for middle-level science: Which teachers are most prepared? The

Elementary School Journal. 2018; 118(4): 549-577. doi: 10.1086/697540

Windschitl M. Folk theories of “inquiry: ” How preservice teachers reproduce the discourse and practices of an atheoretical
scientific method. Journal of Research in Science Teaching. 2004; 41(5): 481-512. doi: 10.1002/tea.20010

Jain J, Lee YL, Mok SJ. A systematic review of Pedagogical Content Knowledge for teaching Nature of Science. Asian Journal

of University Education. 2024;
Schiering D, Sorge S, Trébst S,

20(1): 138-151. doi: 10.24191/ajue.v20i1.25738
et al. Course quality in higher education teacher training: What matters for pre-service physics

teachers’ content knowledge development? Studies in Educational Evaluation. 2023; 78: 101275. doi:

10.1016/j.stueduc.2023.101275

Mesci G, Schwartz RS, Pleasants BAS. Enabling factors of preservice science teachers’ Pedagogical Content Knowledge for

21



Forum for Education Studies 2025, 3(3), 2997.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Nature of Science and Nature of Scientific Inquiry. Science & Education. 2020; 29(2): 263-297. doi: 10.1007/s11191-019-
00090-w

Wilcox J, Voss S, Kruse J, et al. Research Experiences for Undergraduates through extracurricular practitioner inquiry:
Exploring the experiences of preservice elementary teachers. Journal of Science Teacher Education. 2024; 35(7): 756-776. doi:
10.1080/1046560x.2024.2336769

Nouri N, Saberi M, McComas WF, et al. Proposed Teacher Competencies to Support Effective Nature of Science Instruction: A
Meta-Synthesis of the Literature. Journal of Science Teacher Education. 2021; 32(6): 601-624. doi:
10.1080/1046560x.2020.1871206

Aristeidou M, Lorke J, Ismail N. Citizen science: Schoolteachers’ motivation, experiences, and recommendations. International
Journal of Science and Mathematics Education. 2022; 21(7): 2067-2093. doi: 10.1007/s10763-022-10340-z

Liu C, Yang W, Liu E. Policy in K-12 science teacher preparation: Uniformity and diversity from international perspectives. In:
Luft JA, Jones MG (editors). Handbook of research on science teacher education. Routledge; 2022. pp. 231-241. doi:
10.4324/9781003098478-20

Morrell P, Rogers MP, Pyle E, et al. NSTA/ASTE standards for science teacher preparation. National Science Teaching
Association; 2020.

Morrell PD, Park Rogers MA, Pyle EJ, et al. Preparing teachers of science for 2020 and beyond: Highlighting changes to the
NSTA/ASTE Standards for Science Teacher Preparation. Journal of Science Teacher Education. 2020; 31(1): 1-7. doi:
10.1080/1046560x.2019.1705536

Morrell PD, Rogers MP, Pyle EJ, et al. Preparing our next generation of science teachers: What should a science teacher know
and be able to do ARISE-AAAS Blog. Available online: https://aaas-arise.org/2019/09/25/preparing-our-next-generation-of-
science-teachers-what-should-a-science-teacher-know-and-be-able-to-do/ (accessed on 3 January 2025).

Nielsen N, Schweingruber H, Wilson S. Science teachers’ learning: Enhancing opportunities, creating supportive contexts.
National Academies Press; 2016. doi: 10.17226/21836

Baldwin K, Darner R. Preservice science and mathematics teachers’ acculturation into communities of practice: A call for
undergraduate research in science and mathematics teacher preparation. Journal of STEM Teacher Education. 2021; 56(1). doi:
10.30707/jste56.1.1624981200.209707

Ahmad Z, Al-Thani NJ. Undergraduate Research Experience models: A systematic review of the literature from 2011 to 2021.
International Journal of Educational Research. 2022; 114: 101996. doi: 10.1016/j.ijer.2022.101996

Binali T, Chang CH, Chang YJ, et al. High school and college students’ graph-interpretation competence in scientific and daily
contexts of data visualization. Science & Education. 2022; 33(3): 763-785. doi: 10.1007/s11191-022-00406-3

Stephens AL. From graphs as task to graphs as tool. Journal of Research in Science Teaching. 2024; 61(5): 1206-1233. doi:
10.1002/tea.21930

St. Clair N, Stephens AL, Lee HS. ‘But, is it supposed to be a straight line?’ Scaffolding students’ experiences with pressure
sensors and material resistance in a high school biology classroom. International Journal of Science Education. 2023; 46(8): 815-
838. doi: 10.1080/09500693.2023.2260064

Kaya E, Erduran S. Comparison of physics, chemistry, and biology teachers’ perceptions of Nature of Science and domains of
science. Science & Education. Published online October 30, 2024. doi: 10.1007/s11191-024-00576-2

Paoletti T, Lee HY, Rahman Z, et al. Comparing graphical representations in mathematics, science, and engineering textbooks
and practitioner journals. International Journal of Mathematical Education in Science and Technology. 2020; 53(7): 1815-1834.
doi: 10.1080/0020739x.2020.1847336

Schwartz RS, Lederman JS, Enderle PJ. Scientific inquiry literacy: The missing link on the continuum from science literacy to
scientific literacy. In: Lederman N, Zeidler D, Lederman JS (editors). Handbook of research on science education. Routledge;
2023. pp. 749-782.

Conerly TR, Holmes K, Tamang AL. Introduction to sociology 3e. Available online:
https://openstax.org/details/books/introduction-sociology-3e (accessed on 3 January 2025).

McComas WF, Olson J. The Nature of Science in international science education standards documents. In: McComas WF
(editor). Nature of Science in science education: rationales and strategies. Kluwer (Springer) Academic Publishers; 1998. pp. 41-

22



Forum for Education Studies 2025, 3(3), 2997.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

52. doi: 10.1007/0-306-47215-5_2

NGSS Lead States. Next generation science standards: For states, by states. National Academies Press; 2013. doi:
10.17226/18290

Abd-El-Khalick F. Teaching with and about Nature of Science, and science teacher knowledge domains. Science & Education.
2012; 22(9): 2087-2107. doi: 10.1007/s11191-012-9520-2

Edgerly H, Kruse J, Wilcox J. Investigating elementary teachers’ views, implementation, and longitudinal enactment of Nature
of Science instruction. Science & Education. 2022; 32(4): 1049-1073. doi: 10.1007/s11191-022-00343-1

Akerson VL, Pongsanon K, Park Rogers MA, et al. Exploring the use of lesson study to develop elementary preservice teachers’
Pedagogical Content Knowledge for teaching Nature of Science. International Journal of Science and Mathematics Education.
2015; 15(2): 293-312. doi: 10.1007/s10763-015-9690-x

Akerson VL, Morrison JA, McDuffie AR. One course is not enough: Preservice elementary teachers’ retention of improved
views of nature of science. Journal of Research in Science Teaching. 2005; 43(2): 194-213. doi: 10.1002/tea.20099

Kinskey M. The importance of teaching Nature of Science: Exploring preservice teachers’ views and instructional practice.
Journal of Science Teacher Education. 2022; 34(3): 307-327. doi: 10.1080/1046560x.2022.2100730

Stroupe D, Sudrez E, Scipio D. Epistemic injustice and the “Nature of Science.” Journal of Research in Science Teaching. 2024;
62(4): 901-941. doi: 10.1002/tea.21988

Schwartz RS, Lederman NG, Crawford BA. Developing views of nature of science in an authentic context: An explicit approach
to bridging the gap between nature of science and scientific inquiry. Science Education. 2004; 88(4): 610-645. doi:
10.1002/sce.10128

Windschitl M, Thompson J, Braaten M. Beyond the scientific method: Model-based inquiry as a new paradigm of preference for
school science investigations. Science Education. 2008; 92(5): 941-967. doi: 10.1002/sce.20259

Windschitl M. Inquiry projects in science teacher education: What can investigative experiences reveal about teacher thinking
and eventual classroom practice? Science Education. 2002; 87(1): 112-143. doi: 10.1002/sce.10044

Bowen GM, Bartley A. Improving the graph interpretation competencies of preservice secondary science teachers through long-
term independent inquiry project work. In: Proceedings of the 11th International Conference on Education in Mathematics,
Science and Technology; 2025; Antalya, Turkey.

Capps DK, Crawford BA. Inquiry-based instruction and teaching about Nature of Science: Are they happening? Journal of
Science Teacher Education. 2013; 24(3): 497-526. doi: 10.1007/s10972-012-9314-z

Strat TTS, Henriksen EK, Jegstad KM. Inquiry-based science education in science teacher education: a systematic review.
Studies in Science Education. 2023; 60(2): 191-249. doi: 10.1080/03057267.2023.2207148

Brown S, Melear C. Preservice teachers’ research experiences in scientists’ laboratories. Journal of Science Teacher Education.
2007; 18(4): 573-597. doi: 10.1007/s10972-007-9044-9

Morrell E. Legitimate Peripheral Participation as professional development: Lessons from a summer research seminar. Teacher
Education Quarterly. 2003; 30(2): 89-99.

Giamellaro M, O’Connell K, Knapp M. Teachers as participant-narrators in authentic data stories. International Journal of
Science Education. 2020; 42(3): 406-425. doi: 10.1080/09500693.2020.1714093

Rushton EAC, Reiss MJ. From science teacher to ‘teacher scientist’: exploring the experiences of research-active science
teachers in the UK. International Journal of Science Education. 2019; 41(11): 1541-1561. doi: 10.1080/09500693.2019.1615656
Yakar Z, Baykara H. Inquiry-based laboratory practices in a science teacher training program. EURASIA Journal of
Mathematics, Science and Technology Education. 2014; 10(2). doi: 10.12973/eurasia.2014.1058a

Valente B, Maur Tio P, Faria C. The influence of real-context scientific activities on preservice elementary teachers’ thinking and
practice of Nature of Science and scientific inquiry. Science & Education. 2022; 33(1): 5-27. doi: 10.1007/s11191-022-00377-5
Sadler TD, Burgin S, McKinney L, et al. Learning science through research apprenticeships: A critical review of the literature.
Journal of Research in Science Teaching. 2009; 47(3): 235-256. doi: 10.1002/tea.20326

Wakefield W. Designing a research experience for teachers: Applying features of effective professional development to a hybrid
setting. Teacher Development. 2022; 26(4): 514-530. doi: 10.1080/13664530.2022.2095007

Lave J, Wenger E. Situated learning: Legitimate peripheral participation. Cambridge University Press; 1991. doi:

23



Forum for Education Studies 2025, 3(3), 2997.

53.
54,

55.
56.

S7.

58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.
74.

75.
76.

77.

78.

10.1017/CB09780511815355

Wenger E. Communities of practice: Learning, meaning, and identity. Cambridge University Press; 1998.

Wenger-Trayner E, Wenger-Trayner B. Introduction to communities of practice: A brief overview of the concept and its uses.
Available online: http://wenger-trayner.com/introduction-tocommunities-of-practice/ (accessed on 3 January 2025).

Bourdieu P. The logic of practice. Stanford University Press; 1980.

Bowen GM. Understanding the development of competent practice in biology field research. Cybernetics & Human Knowing.
2003; 10(2): 74-88.

Roth W. ‘Enculturation’: Acquisition of conceptual blind spots and epistemological prejudices. British Educational Research
Journal. 2001; 27(1): 5-27. doi: 10.1080/01411920123822

Latour B. Science in action: How to follow scientists and engineers through society. Harvard University Press; 1987.

Berg CA, Smith P. Assessing students’ abilities to construct and interpret line graphs: Disparities between multiple-choice and
free-response instruments. Science Education. 1994; 78(6): 527-554. doi: 10.1002/sce.3730780602

Leinhardt G, Zaslavsky O, Stein MK. Functions, graphs, and graphing: Tasks, learning, and teaching. Review of Educational
Research. 1990; 60(1): 1-64. doi: 10.3102/00346543060001001

Preece J, Janvier C. A study of the interpretation of trends in multiple curve Graphs of ecological situations. School Science and
Mathematics. 1992; 92(6): 299-306. doi: 10.1111/j.1949-8594.1992.th15595.x

Bowen GM, Bartley A, MacDonald L, Sherman A. Experiences with activities developing pre-service science teacher data
literacy. In: Buck GA, Akerson V (editors). Allowing our professional knowledge of pre-service science teacher education to be
enhanced by self-study research: Turning a critical eye on our practice. Springer; 2016. pp. 243-270.

Roth WM, McGinn MK, Bowen GM. Applications of science and technology studies: Effecting change in science education.
Science, Technology, & Human Values. 1996; 21(4): 454-484. doi: 10.1177/016224399602100404

Bencze JL, Bowen GM, Alsop S. Teachers’ tendencies to promote student-led science projects: Associations with their views
about science. Science Education. 2006; 90(3): 400-419. doi: 10.1002/sce.20124

Roth WM, McGinn MK. Toward a new perspective on problem solving. Canadian Journal of Education / Revue canadienne de
I’éducation. 1997; 22(1): 18. doi: 10.2307/1585809

Woolnough BE. Authentic science in schools, to develop personal knowledge. In: Wellington J (editor). Practical work in school
science. Routledge; 1998. pp. 109-125. doi: 10.4324/9780203062487-10

Larison KD. Taking the scientist’s perspective: The nonfiction narrative engages episodic memory to enhance students’
understanding of scientists and their practices. Science & Education. 2018; 27: 133-157. doi: 10.1007/s11191-018-9957-z
Ogborn J, Kress G, Martins I, McGillicuddy K. Explaining science in the classroom. Open University Press; 1996.

Bloomfield EF, Manktelow C. Climate communication and storytelling. Climatic Change. 2021; 167(3-4). doi: 10.1007/s10584-
021-03199-6

Bowen GM, Roth WM. The” socialization” and enculturation of ecologists in formal and informal settings. The Electronic
Journal for Research in Science & Mathematics Education. 2002; 6(3): 1-29.

Roth WM, Bowen GM. Of disciplined minds and disciplined bodies: On becoming an ecologist. Qualitative Sociology. 2001; 24:
459-481. doi: 10.1023/A:1012241029874

Gough N. Environmental education, narrative complexity and postmodern science/fiction. International Journal of Science
Education. 1993; 15(5): 607-625. doi: 10.1080/0950069930150512

Bruner J. Actual minds possible worlds. Harvard University Press; 1986.

Bohannan L. Shakespeare in the bush: An American anthropologist set out to study the Tiv of West Africa and was taught the
true meaning of Hamlet. Natural History. 1966; 75: 28-33.

Dillon S, Craig C. Storylistening: Narrative evidence and public reasoning. Routledge; 2021.

Barnett M, Wagner H, Gatling A, et al. The impact of science fiction film on student understanding of science. Journal of
Science Education and Technology. 2006; 15(2): 179-191. doi: 10.1007/s10956-006-9001-y

Bowen GM. Insights on the media’s practices and representations of (global warming) science: Confusing the public, educating
school children? Journal for Activist Science and Technology Education. 2011; 3(1): 1-28.

Bacchi C, Bonham J. Reclaiming discursive practices as an analytic focus: Political implications. Foucault Studies. Published

24



Forum for Education Studies 2025, 3(3), 2997.

79.

80.

81.

82.
83.

84.

85.
86.

87.

88.

89.
90.
9L
92.
93.

94.

95.

96.

97.

98.
99.

100.
101.

102.

103.
104.

online April 30, 2014: 179-192. doi: 10.22439/fs.v0i17.4298

Milne C. Philosophically correct science stories? Examining the implications of heroic science stories for school science. Journal
of Research in Science Teaching. 1998; 35(2): 175-187. doi: 10.1002/(SICI)1098-2736(199802)35:2<175::AlD-
TEAT7>3.0.CO;2-P

Avraamidou L, Osborne J. The role of narrative in communicating science. International Journal of Science Education. 2009;
31(12): 1683-1707. doi: 10.1080/09500690802380695

Ford DJ. Representations of science within children’s trade books. Journal of Research in Science Teaching. 2005; 43(2): 214-
235. doi: 10.1002/tea.20095

Allchin D, Scientific myth-conceptions. Science Education. 2003; 87(3): 329-351.

Hughey MW. The white savior film and reviewers’ reception. Symbolic Interaction. 2010; 33(3): 475-496. doi:
10.1525/si.2010.33.3.475

Lynch M. The externalized retina: Selection and mathematization in the visual documentation of objects in the life sciences. In:
Lynch M, Woolgar S (editors). Representation in scientific practice. MIT Press; 1990. pp. 152-186.

Mody C. Scientific practice and science education. Science Education. 2015; 99(6): 1026-1032. doi: 10.1002/sce.21190

You H, Park S, Hong M, et al. Unveiling effectiveness: A meta-analysis of professional development programs in science
education. Journal of Research in Science Teaching. 2024; 62(4): 971-1005. doi: 10.1002/tea.21985

Southerland SA, Granger EM, Hughes R, et al. Essential aspects of science teacher professional development. AERA Open.
2016; 2(4). doi: 10.1177/2332858416674200

Roth WM, Bowen GM, McGinn MK. Differences in graph-related practices between high school biology textbooks and
scientific ecology journals. Journal of Research in Science Teaching. 1999; 36(9): 977-1019. doi: 10.1002/(SICI)1098-
2736(199911)36:9<977::AID-TEA3>3.0.CO;2-V

Jordan B, Henderson A. Interaction analysis: Foundations and practice. The Journal of the Learning Sciences. 1995; 4. 39-103.
doi: 10.1207/s15327809j1s0401_2

Strauss A, Corbin J. Basics of qualitative research: Grounded theory procedures and techniques. Sage Publications; 1990.
Ricceur P. From text to action: Essays in hermeneutics, II. Northwestern University Press; 1991.

Royal Society of Chemists. Getting the message across: Key skills for scientists. Royal Society of Chemistry; 2009. doi:
10.1039/9781847551511

Roth WM, Bowen GM. Digitising lizards or the topology of vision in ecological fieldwork. Social Studies of Science. 1999;
29(5): 627-654. doi: 10.1177/030631299029005003

Bowen GM, Graham A, Bencze JL. Engaging pre-service secondary science teachers in “authentic” inquiry projects:
Understanding the atheoretical nature of their project work. In: Proceedings of the annual conference of the Canadian Society for
the Study of Education - Congress of the Learned Societies; 2005; London, Ont.

Abd-El-Khalick F, Bell RL, Lederman NG. The nature of science and instructional practice: Making the unnatural natural.
Science Education. 1998. 82(4): 417-436.

Bowen GM, Roth WM. The practice of field ecology: Insights for science education. Research in Science Education. 2006;
37(2): 171-187. doi: 10.1007/s11165-006-9021-x

Traweek S. Beamtimes and lifetimes: The world of high energy physicists. Harvard University Press; 1988.

Knorr-Cetina K. Epistemic cultures: How the sciences make knowledge. Harvard University Press; 1999.

Orr JE. Sharing knowledge, celebrating identity: Community memory in a service culture. In: Middleton D, Edwards D (editors).
Collective remembering: Memory in society. Sage Publications, Inc.; 1990. pp. 169-189.

Rorty R. Contingency, irony, and solidarity. Cambridge University Press; 1989.

Wong SL, Hodson D. More from the horse’s mouth: What scientists say about science as a social practice. International Journal
of Science Education. 2009; 32(11): 1431-1463. doi: 10.1080/09500690903104465

Valladares L. Scientific literacy and social transformation: Critical perspectives about science participation and emancipation.
Science & Education. 2021; 30(3): 557-587. doi: 10.1007/s11191-021-00205-2

Montgomery SL. The scientific voice. Guilford Press; 1996.

Baram-Tsabari A, Wolfson O, Yosef R, et al. Jargon use in Public Understanding of Science papers over three decades. Public

25



Forum for Education Studies 2025, 3(3), 2997.

105.
106.

107.

108.

109.
110.

111.

Understanding of Science. 2020; 29(6): 644-654. doi: 10.1177/0963662520940501

Wellington J, Osborne J. Language and literacy in science education. Open University Press; 2001.

Egan K. Teaching as story telling: An alternative approach to teaching and curriculum in the elementary school. University of
Chicago Press; 1989.

Wong ATY. Writers’ mental representations of the intended audience and of the rhetorical purpose for writing and the strategies
that they employed when they composed. System. 2005; 33(1): 29-47. doi: 10.1016/j.system.2004.06.009

Oliver CA. The social brain and the neuroscience of storytelling. In: Rowland S, Kuchel L (editors). Teaching science students to
communicate: A practical guide. Springer International Publishing; 2023. pp. 31-38. doi: 10.1007/978-3-030-91628-2_4
Foucault M. Power/knowledge: Selected interviews and other writings, 1972-1977. Penguin Random House; 1980.

Chowning JT. Science teachers in research labs: Expanding conceptions of social dialogic dimensions of scientific
argumentation. Journal of Research in Science Teaching. 2022; 59(8): 1388-1415. doi: 10.1002/tea.21760

Chasen A, Chapman Tripp H, Borrego M. Disability and postsecondary fieldwork experiences in the natural sciences: A
systematic review. Journal of Research in Science Teaching. 2024; 62(4): 1006-1039. doi: 10.1002/tea.21989

26



