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Abstract 

Scientist-teacher partnerships are highly beneficial to K-12 STEM education. While much is known about the benefits 
for teachers in these partnerships, the corresponding benefits for scientists are less well known. With emphasis on 
the scientists’ perspective, here we describe our NSF RET (Research Experiences for Teachers) project consisting of 
five successive cohorts from 2012 to 2016. Coincident with a “once-in-a-century” expansion of the Panama Canal, the 
science research focused on the paleontology, evolutionary biology, and geology of this region to better understand 
the ancient Neotropical biota related to the Great American Biotic Interchange (GABI). In the field, scientists and 
teachers worked together collecting fossils and geological samples. Back in the K-12 classrooms, lesson plans related 
to their experiences were implemented and the teachers hosted scientist role-model visits. More than 30 scientists 
and 44 teachers participated in this Panama “GABI RET” project. Using a new validated survey developed during this 
project and focus groups, we explored the impact of this project, and in particular the perceived benefits accrued by 
the scientists. Our study confirmed that scientists felt they improved their communication skills, had a better appre-
ciation for the K-12 teaching professions, greatly enjoyed working with the teachers, considered them colleagues, 
and many wanted to continue K-12 outreach as part of their careers. Overall, scientists perceived that they greatly 
benefited from these partnerships. In addition to describing their activities, they had numerous recommendations for 
similar partnerships in the future. For example, these include: (1) having more teachers participate in multiple cohorts, 
(2) continued opportunities for teachers to be involved in professional meetings, (3) ongoing webinars and face-to-
face engagement, and (4) more diversity of racial and ethnic backgrounds, subjects taught, and regions represented. 
Although this case study was focused on the GABI RET, our results also potentially inform other projects that involve 
scientists’ education and outreach activities.

Keywords: Biology, Earth sciences, Evolution, Geology, GABI (Great American Biotic Interchange), Paleontology, 
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Introduction
Partnerships between scientists and K-12 STEM teachers 
are vitally important to enriching student learning in the 
classroom and supporting teachers in their instructional 

activities (Johnson 2017). Many programs have been 
developed over the years to promote these kinds of col-
laborations. The overall benefits of these programs and 
positive impacts on both the teachers and their students 
are widely recognized in the literature (NRC 2012; Gard-
ner et al. 2022). On the other hand, little is known about 
the corresponding impact on the participating scientists. 
In this case study we demonstrate that they perceive 
great benefit from these K-12 partnerships.
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Several recent programs have encouraged the devel-
opment of scientist-teacher partnerships. A prime 
example of an effective strategic scientist-teacher part-
nership model is NSF’s GK-12 program (NSF 2021). 
Between 1999 and 2011, when the GK-12 program 
ended (Mervis 2011), more than 300 of these grants 
were awarded mostly to universities. In total, thousands 
of teachers and scientists were involved in GK-12 pro-
grams that ultimately impacted tens of thousands of 
K-12 students (Gamse et  al. 2010; Ufnar et  al. 2012). 
An important, overriding outcome of these GK-12 pro-
grams was a sense that scientists improved their com-
munication skills (Cormas and Barufaldi 2011; Johnson 
2017); this is a common characteristic of these and 
other similar programs, as also confirmed in this study.

Of more direct relevance here, NSF’s Research Expe-
riences for Teachers (RET) program, which is currently 
active (e.g., NSF 2022), is another example of scientist-
teacher partnerships in research collaborations and 
K-12 education. Similar to its companion program, 
Research Experiences for Undergraduates (REU), 
teacher participants in RETs are expected to learn how 
to do science through direct engagement with scientists 
and their authentic research. Active participation in the 
research enterprise is of great importance to teachers 
because in addition to teaching STEM content, they 
are also expected to deliver lessons plans that demon-
strate the nature (or process) of science. Teachers can 
thus benefit from these experiences to increase their 
pedagogical content knowledge, which represents an 
integration of science content, pedagogy, students’ 
backgrounds and conceptions, and the specific learn-
ing environment (Shulman 1986, 1987; Cochran 1997). 
To the point of this paper, the corresponding ben-
efits accrued to the participating scientists is less well 
known.

This case study therefore aims to describe, primarily 
from the scientist’s perspective, the development, activi-
ties, and outcomes of a five-year-long scientist-teacher 
partnership called the GABI (Great American Biotic 
Interchange) RET that included five cohorts between 
2012 and 2016. Tanner (2000, p. 26) notes that: Often 
descriptions of teacher-scientist partnerships have focused 
on the benefits to teachers and even more so to students. 
Following this observation, our rationale is that in these 
kinds of partnerships, and teacher professional develop-
ment in general (e.g., Tanner 2000; Tanner et  al. 2003; 
Dresner and Starvel 2004), the emphasis for evaluation of 
outcomes is primarily focused on benefits for the teach-
ers and their students, and less on the benefits accrued 
back to the scientists. However, as the GABI RET devel-
oped, we anecdotally observed immense satisfaction 
and engagement from the scientist participants. We, 

therefore, sought to further inform our understanding of 
the scientists’ benefits through this study.

Given the context above, our focus is on the impact 
that the GABI RET had on the scientists. To this end, the 
questions and outcomes that we investigated during this 
retrospective case study (Davey 2017) include:

(1) In what ways did working with the teachers on their 
research project affect the scientists?

(2) In what ways did the research experience affect sci-
entists’ practice?

This program was initially the vision of Gary Bloom, 
Superintendent of the Santa Cruz, California, City 
Schools (now retired). He had an avocational interest in 
fossils, and during a trip to Panama in 2011, he volun-
teered in a paleontology laboratory at the Smithsonian 
Tropical Research Institute. His experience at that time 
was so positive that he wanted his STEM teachers also 
to have similar experiences participating in authentic 
research. He contacted the senior author, and together 
we developed cohorts 1 and 2 (Fig.  1) as supplements 
to the ongoing NSF-funded Panama Canal Project (PCP 
2022); these were followed by an NSF GABI RET award 
that funded cohorts 3 to 5.

STEM content: the GABI (Great American Biotic 
Interchange) and Panama connection
The STEM content of this RET program was focused on 
the GABI (Fig. 2). Based on the fossil record and associ-
ated geological evidence, the Isthmus of Panama formed 
between about 5 to 3 million years ago (mya), result-
ing in a dryland bridge across Central America. This 
also facilitated active overland faunal dispersal of the 
native biota in South America to North America and 
vice-versa. For example, the presence of giant sloths and 
armadillos in North America during the Pliocene and 
Pleistocene epochs resulted from south to north disper-
sal. Conversely, the presence of horses, camels (llamas), 
proboscideans (elephants and their relatives), and several 
carnivoran groups in South America resulted from north 
to south dispersal of native North American faunas as 
they traversed the Panamanian land bridge (e.g., Stehli 
and Webb 1985; Webb 2006). Equally as fundamental to 
Neotropical biodiversity and evolution, the formation of 
the Isthmus of Panama closed the Central America Sea-
way during the Pliocene, between about 5 to 3 mya (e.g., 
Flynn et  al. 2005; O’Dea et  al. 2016). This final closure 
effectively severed marine biotic dispersals between the 
Atlantic Ocean and the Pacific Ocean (O’Dea et al. 2016).

The sequence of sediments exposed along the Pan-
ama Canal is primarily Neogene in age. Of relevance to 
the focus of our study, these range in age from about 
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24 to 18 million-year-old Miocene sediments exposed 
along the southern reaches of the Canal, including the 
presence of early Miocene land mammals with North 
American affinities (Stewart et  al. 1980; Whitmore 
and Stewart 1965). Along and adjacent to the north-
ern reaches of the Panama Canal, 10 million-year-old 
late Miocene sediments have produced highly diverse 
invertebrate and shark faunas from the Gatun Fauna 
(Woodring 1957; Pimiento et al. 2013). From 2008 until 
2014 the Republic of Panama undertook a major expan-
sion of the Panama Canal, and in so doing, uncovered 
new and important exposures of these fossil-bearing 
sediments. Seeing this “once-in-a-century” opportu-
nity, NSF funded a project to investigate these fossils 
and their importance for education and international 
partnerships with the Panama Canal Project (PCP 
2022). This initiative led to the student–teacher part-
nership that developed into this Panama GABI RET.

Within this context above, the RET participants 
had the opportunity to learn about the GABI, which 
is widely considered by scientists as one of the clas-
sic “natural experiments” in the history of life on earth 
(e.g., Stehli and Webb 1985; Webb 2006). The STEM 
content of the GABI spans a broad range of the natural 
sciences, including evolutionary biology and earth sci-
ences (geology). Participants also learned about, and 
were exposed to, all aspects of the process (nature) of 
science, ranging from field explorations (Fig. 1), to sys-
tematic identifications, to the scientific interpretation 
of the importance of these fossils. Teachers applied 
this learning to lesson plans, many of which are freely 
available on-line (FLMNH 2022), whereas the scientists 
included these experiences in their research and related 
activities. Of particular note, many of the scientists 

participated in K-12 classroom visits during the GABI 
RET (also see further description of these activities 
below).

RET: conceptual framework

“Scientists and engineers working in partnership 
with local teachers represent an essential new force 
that will be required for effective science education 
reform.” (Alberts, 1994, n.p.)

Scientist‑teacher partnerships
As emphasized by former National Academy of Sciences 
President Bruce Alberts above, effective scientist-teacher 
partnerships can potentially have a positive effect on 
STEM instruction. Therefore, this conceptual frame-
work has been known for decades and funded by many 
programs, frequently at the federal level (e.g., National 
Science Foundation) and numerous philanthropies, e.g., 
HHMI (Howard Hughes Medical Institute).

Although the primary focus of this paper is the 
effect that the RET had on the scientists, some con-
text from the teachers’ side of this partnership is ger-
mane. Scientist-teacher partnerships have essential 
components that relate to what is known about suc-
cessful teacher professional development (PD) and the 
concept of mutual benefit and knowledge reciprocity. 
For these partnerships to be successful, there are spe-
cific essential criteria. First and foremost, successful 
teacher PD should not be considered a “one-off,” but 
rather an ongoing process of partners and collaboration 
(OECD 2009). Likewise, the classic concept of scientist-
teacher PD representing primarily an expert-novice 
learner model with a unidirectional flow of information 

Fig. 1 Scientists and teachers collecting fossils along the Panama Canal, 2013 (Joe Kays photo, University of Florida)
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and expertise is outmoded and has given way to non-
hierarchical collaboration (Fig.  3; MacFadden 2019; 
Abramowitz et  al. 2021). Johnson (2017) rightly refers 
to this process as a community of practice (e.g., Wenger 
et al. 2002), a well-known concept in learning commu-
nities and one in which there is a shared purpose and 
active interest in a particular topic among all stakehold-
ers. Another important concept is the notion of balance 
(Van Schaik 2017), i.e., optimally, each partner con-
tributes and benefits from the partnership to result in 
meaning to them. If all of the benefits accrue to some, 
but not all partners, then such an imbalanced collabo-
ration is not as strong as it could be, and there is less 
probability of it being sustained.

Mutual benefit
In any partnership, one must consider what all of 
the participants and stakeholders are getting from it 
(MacFadden 2019). In the traditional the expert/nov-
ice model, the primary benefit of scientist-led teacher 
PD has been directed to the teachers. These benefits of 
teacher-focused PD are significant, including increased 
confidence to teach science, increased STEM identity, 
connection with scientists and other energized teachers 
(e.g., Dresner and Starvel 2004; Johnson 2017), and over-
all increased pedagogical content knowledge (Shulman 
1986, 1987).

On the other hand, while studies describing the 
outcomes for scientist participants are certainly less 

Fig. 2 Graphic depicting the interchange of terrestrial mammals between the Americas as a result of GABI. Reproduced courtesy of the 
Smithsonian
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well-known, an emerging body of literature discusses 
these benefits. For example, scientist benefits include 
better communication skills, a better appreciation of 
the teaching profession, and an altruistic sense of giving 
back to society via K-12 teacher and classroom activities 
(Gamse et al. 2010; Cormas and Barufaldi 2011). In one 
of the first studies that formally evaluated outcomes of 
the benefits, Tanner (2000, p. 25) states that “scientists 
benefit enormously from these partnerships, as scientific 
professionals, as future teachers at the undergraduate 
level, and as individuals.”

Best practices
Of relevance here, and as will be further developed below, 
from studies of scientist-teacher partnerships, recurrent 
themes and tips are highlighted on how to develop suc-
cessful programs and potentially optimize outcomes. 
These include: (1) a non-hierarchical learning model in 
which all participants are valued for their knowledge and 
contributions to a particular project. (2) Partnerships 
that are not “one-off,” but instead viewed as an ongoing 
collaboration with sequential activities. (3) Partnerships 
organized around the concept of cultivating a sense of 
community (Johnson 2017; Warwick et al. 2020). We will 
also see below that these best practices, generally devel-
oped from prior studies, also resonated from the scien-
tists’ point of view during the GABI RET.

Project components and activities, with emphasis 
on the scientists
The structure of the GABI RET program activities 
included the development of five separate year-long sci-
entist-teacher cohorts. The cohort was initiated with the 
authentic field research experience during the summer of 
each year (2012 to 2016) in which the scientists and par-
ticipants traveled to Panama for between 10 to 14 days. 
In the field they collected fossil vertebrates, invertebrates, 
and plants and associated geological samples primarily 
around the Panama Canal. When they were not conduct-
ing field work they attended talks, seminars, and labora-
tory tours at the Smithsonian Tropical Research Institute 
(STRI), which conducts research on Neotropical natural 
science and archaeology. While in Panama, most eve-
nings, the scientists and teachers assembled back at the 
hotel for “poolside chats” to reflect on what they learned 
that day and to plan for future activities.

The scientists worked alongside the teachers and men-
tored them, mostly via sharing their expertise and to help 
in the identification of fossils that were being collected. 
The scientists held impromptu chats with the other sci-
entists and teachers on the outcrops to explain about 
their own research. Back at STRI, some of the scientists 
also presented their research at the weekly “Paleotalks,” 
which consisted of semi-formal 45-min-long talks to an 
in-person audience consisting primarily of our cohort 
teams (both scientists and teachers), but oftentimes also 
including other members of the STRI community. The 
cohorts also attended the weekly institution-wide STRI 
general seminar series, typically on a broader range of 
topics related to Neotropical biodiversity, ecology, and 
evolution, and these were followed by a popular social 
hour afterwards.

The intensive field immersion experience in Panama 
facilitated the scientists and teachers to form lasting pro-
fessional connections of mutual benefit. Thus, after the 
summer experience in Panama, many of the scientists 
and teachers maintained communication during the aca-
demic year, mostly via email. Some of the scientists were 
invited to visit the classrooms, both for their content 
expertise and as role-models. This component evolved 
organically in such a way that the scientists, i.e., mostly 
graduate students, interns, and other early-career pro-
fessionals working on the Panama project, were invited 
by the teachers into the classrooms as near-peer role 
models. Thus, in addition to delivering science content, 
they also discussed their STEM career journey, science 
identity, and 21st-century careers. These visits were not 
an a priori planned component of the project, but as 
was revealed in the evaluation results (described further 
below), they were mutually beneficial and highly valued.

Fig. 3 Comparison of the traditional hierarchical vs. the mutual 
benefit model of scientist-teacher partnerships
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Participant recruitment and characteristics
Although the primary focus of this case study is the sci-
entists’ point of view, this section first briefly reviews the 
recruitment and related characteristics of the GABI RET 
teacher participants to provide some relevant context 
for a more in-depth discussion of the scientists that fol-
lows. In discussions about scientist-teacher partnerships, 
these two groups, i.e., the scientists on the one hand and 
the teachers on the other hand, might be thought of as 
homogeneous groups, however, in certain aspects, they 
may be heterogeneous. Individual participants, may, for 
example, have different STEM content and focus, range 
from early to late career stage, and also potentially come 
from different backgrounds and experiences. It is there-
fore important to keep this context in mind when dis-
cussing these group attributes.

Teachers and K‑12 educators
Teachers for cohorts 1 (2012) and 2 (2013) were recruited 
by invitation from Gary Bloom, then Superintendent of 
the Santa Cruz (California) City School District from his 
district and the adjacent Pajaro Valley Unified School Dis-
trict (PVUSD). As the GABI RET program developed in 
subsequent years (3 to 5; 2014 to 2016), teacher recruit-
ment included recommendations from participants, 
“word-of-mouth,” and a more formal application recruit-
ment process, the latter of which was reviewed by the sci-
entists and then the selections were made. Teachers came 
from public elementary, middle, and high schools and 
primarily taught biology, earth science, and geology, and 
environmental science. However, some other disciplines 
were also represented (chemistry, math, physics, and art). 
They also represent different career stages. As presented 
in Table  1, 47 teacher participants included 44 unique 
teachers, with 3 teachers participating in a 2nd cohort as 
a “teacher-leader.” All teachers successfully completed the 
entire six-month-long professional development cohort 
cycle (July through December).

Scientists
Scientists are defined as any GABI RET participant 
with science content expertise related to their research, 
including professors, other scientists, postdoctoral fel-
lows, undergraduate students, graduate students, and 
interns in Panama. Like the teachers, these scientists are 
heterogenous in their career stage and demographics, 
but are united as a learning community of practice (e.g., 
Wenger et al. 2002) with a shared interest in the domain 
of paleontology and related disciplines. These 36 scien-
tist participants (Table 1) included about 30 unique sci-
entists, with some scientists participating in multiple (up 
to 5, in the case of the senior author) cohorts. The exact 
number of scientists is difficult to accurately determine 

because, although some scientists participated during 
the entire cohort cycle, others came and went, e.g., par-
ticipating in only the field aspect, lab activities at STRI, 
perhaps subsequent school visits, or the final wrap-up 
session at the end of a cohort.

Scientists were recruited based on their relevant exper-
tise and interest in participating on the GABI RET pro-
ject. They were selected by invitation from the GABI 
RET team leaders based on how the scientists were per-
ceived to be able to contribute to the scientist-teacher 
experience. Some scientists were already in residence, 
i.e., working at STRI, whereas others travelled with the 
cohort team to Panama. With regard to scientist demo-
graphics, 56% (20) were early career (i.e., undergraduate 
students, interns, graduate students, or postdoctoral fel-
low) scientists, most of whom were training to become 
professional paleontologists or geologists. A total of 39% 
(14) were women and 28% (10) were Hispanic or Latine.

Other participants
Other participants, i.e., neither fulfilling the role of 
teacher nor scientist, participated primarily on the Pan-
ama field trip, but not during the remainder of the six-
month-long PD process. This included a spouse and 
photographer in 2012, two journalists in 2013 (editor and 
photographer, see Kays 2014), and a citizen scientist in 
2015 who had collected fossils in Panama in the 1950s as 
a young man living in the Canal Zone. A project manager 
(author Vargas-Vergara [Grant]) participated from 2013 
to 2016 and remained engaged throughout each cohorts’ 
activities. She later went on to receive her PhD in educa-
tional technology, largely influenced by her participation 
in the GABI RET (Grant 2020).

Table 1 Number of participants and total by cohort and 
category in the 5-year-long GABI RET project

a Teachers included two administrators, i.e., 1 superintendent (2012) and 1 
assistant superintendent (2013)
b Scientists included professors, other scientists, postdoctoral fellows, 
undergraduate students, graduate students, and interns in Panama. The exact 
number in this category was fluid during each cohort and therefore difficult 
to accurately determine because some did not participate in the entire cohort 
experience; the numbers reported above are likely a minimum
c Other participants included spouse and photographer (2012), journalists 
(2013), citizen scientist (2015), and project manager (2012 to 2016)

Cohort (Year) Teachersa Scientistsb Other 
 participantsc

Total

1 (2012) 5 5 2 11

2 (2013) 8 4 3 15

3 (2014) 10 3 1 14

4 (2015) 11 12 2 25

5 (2016) 13 12 1 26

Total 47 36 (9) 83 (92)
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Project evaluation
Two phases of evaluation were conducted during this 
project: formative and summative. Formative evaluations 
were primarily done with e-surveys developed with the 
intention to iteratively improve upon, or learn from, the 
individual experiences of cohort participants. These were 
conducted after specific project events and, in particular, 
after the cohort traveled to Panama and near the end of 
the six-month-long cohort PD cycle. We also received 
informal, qualitative feedback from teachers after other 
activities, such as the scientist role-model visits to 
schools. The results of these formative evaluations were 
documented in the NSF annual reports.

The summative evaluation was conducted by TLC 
(Technology for Learning Consortium, Inc), of which 
author Davey is a Principal. In addition to providing 
evidence of the project activities for NSF reporting, this 
evaluation was intended to inform our retrospective case 
study represented here. Data were primarily collected 
from e-surveys and focus groups, the latter of which were 
administered during a project wrap-up at Ghost Ranch, 
New Mexico, in July 2017. The analysis included a mixed-
methods approach (Frechtling 2010) to collect quanti-
tative and qualitative data from both the scientists and 
teachers. Quantitative data included responses to ques-
tions that required Likert-like comparisons (Croasmum 
and Ostrom 2011). Qualitative responses were taken 
from the open-ended survey questions and focus group 
transcripts and then analyzed using discourse analy-
sis to identify themes and patterns among the respond-
ents. Davey (2017) describes the GABI RET summative 
evaluation process and findings in far greater detail than 
is intended here. All evaluations done during the GABI 
RET were approved by the UF Institutional Review Board 
(UF IRB-02 project 2014-U-0267).

With regard to the primary focus of this paper, our sur-
vey of the learning research literature did not find a vali-
dated survey that would be appropriate to evaluate the 
scientist group. Therefore, we developed one during this 
research project (see Additional file 1). Our survey devel-
opment included face validity, content validity, construct 

validity, test–retest reliability, and internal consistency 
reliability (Burton and Mazerole 2011). Furthermore, 
this process had the following steps: (1) defining the 
constructs to be examined, (2) generating items to test 
these constructs—Delphi, (3) pilot testing, (4) analysis of 
pilot data, and (5) retest-test data collection and analysis. 
The mean test–retest reliability for the quantitative sur-
vey items was 0.93, indicating a high correlation. Davey 
(2017) provides a detailed description and results of this 
survey validation process but in short, the survey had a 
total of six factors (professional, mentoring, teaching, 
personal, participation with K-12, and understanding of 
K-12) with between three and six items per factor with a 
final total of 11 questions with 31 items. The instrument 
was validated internally with 17 participants over two 
iterations approximately five months apart. Table 2 below 
lists the different aspects of the instrument development, 
participants, actions, and results.

Results: scientists’ perspective
The primary aim of this report is to better understand 
the impact and benefit that the GABI RET had on the 
scientists. This task was addressed via mixed methods, 
i.e., quantitative and qualitative surveys (N = 15) and 
focus group discussions (N = 9) that were administered, 
respectively, via e-surveys and during the project-closing 
Ghost Ranch summit. The N = 15 represented all of sci-
entists that responded to the e-survey; this sample rep-
resents the great majority of those actively engaged near 
the end of the project. The N = 9 sample for the focus 
group discussions represent all the scientists that partici-
pated in the summit.

The validated survey (Additional file  1) asked scien-
tists to identify how they were affected (STEM identity, 
understanding of the nature of science, practicing sci-
ence) and what experiences were related to those effects 
(e.g., international immersion, working with teachers, 
sharing science and practice). In the focus groups, sci-
entists were asked about how the effects identified trans-
lated into changes in their practice and how they now 
view the importance of exposing teachers to science, the 
nature of science, how they practice science, and their 

Table 2 Instrument development and validation

Study Design Participants Actions Results

Development Researcher Review of literature, defining constructs, item development Draft scientist survey

Delphi Six professionals Three iterations of suggestions and edits shared virtually 
through e-mail

Final scientist survey

Pilot testing—round 1 17 Scientists Scientists took survey Summarized findings

Pilot testing—round 2 17 Scientists Scientist took the survey a second time—matched pair 
analysis performed on results from round 1 and 2

Mean test–retest reliability for the quantitative 
survey items = 0.93

Professional review Six professionals Shared findings with professionals from Delphi study Shared confidence in findings and instrument
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role as scientists. To this end, during this retrospective 
case study, we investigated (also see Introduction above) 
the following questions:

Question 1: In what ways did working 
with the teachers on their research project affect 
the scientists?
Sub‑question 1a. Did your understanding of teaching 
and learning change as a result of working with your 
teacher partners? If so, how?
Based on the focus group discussion, all scientists 
reported that working with the teachers changed their 
understanding of teaching and learning, particularly in 
K-12 settings. The scientists spoke about learning how 
to develop lesson plans and incorporate standards (e.g., 
NGSS 2013), making opportunities for learning fun and 
engaging, and emphasizing the importance of classroom 
management. The scientists also enjoyed the excitement 
the teachers brought with them into the field. A selection 
of their verbatim, open-ended responses is presented in 
Table  3. In this and subsequent tables, responses were 
selected because they appeared to be the most informa-
tive answers to the questions. In some other cases, the 
answers were considered duplicative and therefore inter-
preted not to be necessary to repeat. These answers 
therefore represent a subset of all of the responses, the 
latter of which can be retrieved from Davey (2017)

Sub‑question 1b. If you had an opportunity to visit 
a classroom, how did your visit impact you? If you visited 
more than once, how did your visits change over time?
Eleven of the 15 scientists survey respondents (73%) had 
an opportunity to visit a classroom, either in-person or 
virtually. Most of them visited more than one classroom 
or one class multiple times, with one scientist visiting 
nearly all of the teachers’ classes at some point. The scien-
tists were generally surprised by the level of engagement 

and excitement of the students and the types of ques-
tions they asked. From these teaching experiences, sci-
entists began to think about teaching in both formal and 
informal settings, changed their understanding of how to 
work well with students, how to best communicate with 
them and convey their ideas and findings, and the impact 
of the GABI RET experience on the teachers and their 
classes.

Consistent with best practices for professional develop-
ment, many scientists continued their association with 
specific teachers. The 15 scientists who responded to the 
e-survey reported a total of 177 continuing collaborations 
(mean = 10) with their teachers, and some collaborations 
continued past a particular cohort year into successive 
years. These collaborations most frequently included 
continuing input on lesson plans, role-model classroom 
visits (Fig. 4), and presentations at professional meetings.

During the focus group, we further explored the over-
all benefits that the scientists had from working with the 
teachers. All nine of the focus group scientists (100%) 
reported visiting a classroom or having the students 
come to them. Many of the scientists reported being 
interested in teaching and working with students, with 
this interest being increased or activated by participation 
provided the GABI RET. Notably, the scientists reported 
gaining valuable experience with presentation and com-
munication skills.

The role-model visits developed organically after the 
scientist-teacher cohorts bonded. The scientists also 
talked about being role models for the students, consid-
ering their work in a broader context, and learning to 
work with and engage students in and out of the class-
room. To quote one scientist in this context: “All of us 
have some level of interest in teaching, but don’t often get 
any training on how to teach. Working with the teachers 
and visiting their classrooms has taught me more about 
teaching than I ever got as a TA [Teaching Assistant].”

Table 3 Selected scientists’ responses to sub-question 1(a)

• Yes. I learned how lesson plans were created, the standards they had to adhere to and how to explain a complicated subject to someone with no or 
very little prior knowledge on the topic and make it fun, engaging and learn from it

• Yes, I became more aware of the importance of classroom management and teaching to learning standards, such as NGSS and Florida’s Sunshine State 
Standards

• Yes. As a scientist, I did not have much experience in understanding how/what K12 educators need for meaningful collaboration

• GABI-RET is pioneering teaching experiences that allow not only K12 teachers but also scientists, like myself, to become better learners and communi-
cators through collaboration thus producing more effective

• Absolutely- I am now much more aware of the opportunities and limitations associated with teaching at the K-12 level, as well as the power of 
engagement through interactions with the scientific community and hands on field based learning

• Definitely, I am primarily a museum curator/ researcher and do very little teaching at any level, but mostly college not K-12. It was great working in the 
field with the middle and high school science teachers and experiencing their excitement to learn new things. I suppose the most important thing I 
learned was how important field and hands-on experiences are to teaching
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The scientists who visited a classroom more than once 
reported that they became more comfortable working 
with the students and were able to better communicate 
their ideas and answer the students’ questions. For one 
scientist (a graduate student), the numerous classroom 
visits changed their intended career direction from sci-
ence-research focused to K-12 education. Selected verba-
tim responses are presented in Table 4.

Question 2: In what ways did the research 
experience affect scientists’ practice?
2(a). Explain how working with teachers on the Panama 
project influenced your implementation of the scientific 
process in your own work.
The focus group revealed that working with the teach-
ers during the GABI-RET profoundly impacted the sci-
entists’ own practices. When asked about the influence 

Fig. 4 Examples of scientist role-model visits to California schools, including in-person and virtual
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working with teachers had on their work, the scien-
tists wrote about ensuring their work was more clearly 
explained and accessible, changes in their “end goal” for 
their work, and considering the broader impact of their 
work. Scientists frequently described improvements in 
their ability to communicate their work. Communication 
is something that scientists are often challenged with, 
and strategic ways to help them become better commu-
nicators are generally welcome. The scientists also wrote 
about involving teachers more in their research, how to 
translate their scientific work into classroom activities, 
and changes to their scientific writing style. Selected ver-
batim responses are presented in Table 5.

2(b). What did you learn about mentoring from working 
with the teachers during this experience? What surprised 
you most about these interactions?
In the focus group, when asked about what they learned 
about mentoring from working with the teachers, the sci-
entists shared how their perception of the relationship 
changed from mentor–mentee to mentor-mentor (Fig. 3). 
The scientists felt they learned as much from the teachers 
as teachers were learning from them. Scientists’ percep-
tions of mentoring thus changed from a one-directional 

relationship to a two-way relationship where both par-
ties benefit (Fig. 3). The teachers learned skills and gained 
valuable field experience while the scientists observed the 
teachers’ patience, passion and excitement, willingness to 
learn and grow, and the importance of having hands-on 
experiences. Selected verbatim responses are presented 
in Table 6.

In addition to the data resulting from the validated sur-
vey and focus group described above, we also conducted 
a pre-and post-experience scoring using a Likert-like 
scale (5 = Strongly Agree, 4 = Agree, 3 = Neither Agree 
nor Disagree, 2 = Disagree, 1 = Strongly Disagree) with 
the 15 scientists. In one of these examples, our results 
indicate a statistically significant (p < 0.01) change from 
pre- to post (Fig.  5). This also demonstrates that the 
scientists mutually benefitted from their GABI RET 
experience.

Discussion
Recommendations: scientists’ point of view
During the focus group discussions at the Ghost 
Ranch summit, the scientists had a series of recom-
mendations, some of which were already considered, 

Table 4 Selected scientists’ responses to sub-question 1(b)

• I did a Skype visit with a 3rd grade classroom. I was surprised by the level of questions being asked. The questions were much more sophisticated than 
I expected from 3rd graders. I realized that I had misconceptions about what elementary school students already knew about science, ecology and 
animal behavior. I did not get a chance to visit with the same class again

• Interacting with students in the classroom helped me realize that I want K12 teaching to be a large component of my career. However, after multiple 
classroom visits I felt that I would prefer teaching in an informal setting, such as a museum

• I really enjoyed sharing my knowledge and perspective regarding my journey as a paleontologist. It was great to see students excited about science!

• The visits were amazing! Over the course of multiple visits, I got to understand my audience better and tailored my speeches to be about what they 
wanted to hear, not just what I thought they wanted to hear

• I visited teachers’ classrooms through video conferencing; it was a wonderful experience to share my research with students, as well as to answer their 
questions about my research

• It impacted me deeply, but hard to put it in words. It was just a very rewarding experience as I could see excitement on students and real-time change 
of perceptions

• I never visited a classroom but I did do two Skype presentations to a second grade science class. Having the opportunity to interact with the children 
and see their excitement for science was quite motivational. I really am living the dream!

Table 5 Selected scientists’ responses to sub-question 2(a)

• I no longer consider a publication in a peer-reviewed journal as the end goal for a research project. Now I see it as a classroom lesson. I strongly believe 
that any research project can be translated into a K12 lesson

• I think that working with teachers has helped me learn how to communicate science to people in a more clear and concise way. Talking with the 
teachers allowed me to see how most people view and interpret scientific principles, which is important to know when explaining science to the 
public

• I found myself considering how I might involve teachers in my own work in the future. I also now consider what types of tasks are easily transferable to 
a classroom setting where students could participate in data collection

• I now not only feel more comfortable sharing my own research with broader audiences of all ages, but also see the necessity of doing such. Achieving 
impactful ’broader impacts’ initiatives now seems much more attainable and I am even more comfortable/confident training others of varying levels of 
experience in the methods and process associated with my work

• Teachers assisted with collection of the fossils that I have subsequently used in my research
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and others that were new and relevant to program 
improvement (Table  7). We will address many of the 
enumerated recommendations below (1 and 2; 5 
through 10), as follows:

(1) With regard to diversity of the educators, in addi-
tion to different regions and subjects, we also would 
strive to bring more racial and ethnic diversity into our 
programs. The GABI RET teachers were overwhelmingly 
White (86%) and female (79%). With regard to ethnicity, 
7% were Hispanic/Latino. From this, we realize that one 
goal for the future would be to make the demographics of 
the participants more closely reflect those of the region 

from which the teachers are recruited in order to better 
reflect alignment with student demographics.

(2) With regard to participants from the field area, when 
we were in Panama, we reached out to local schools. On a 
few occasions, we were able to visit schools to implement 
some lesson plans or have some of the students, teachers, 
and scientists work together on a field trip, as we did in 
the Gatun Formation in Panama. This was rewarding for 
the local community, many of whom did not know about 
the rich trove of fossils that existed locally and what they 
meant for the science of paleontology.

(5) Engage teachers in professional talks and experi-
ence. Typically, as these kinds of projects mature, the 

Table 6 Selection of scientists’ responses to sub-question 2(b)

• My experience working with the teachers was more like a mentor-mentor relationship. I provided science content, but they provide teaching exper-
tise. I’ve been surprised by how well connected many of the teachers have remained with FLMNH and their continued interest in developing new 
paleontology lessons

• I learned that most of the teachers were incredibly eager to learn about the way scientists gather data and interpret it. I had a great time explaining 
and demonstrating the research process

• …Without a doubt, the passion that I witnessed amongst the teachers in my group surprised me the most! This extremely prevalent passion just 
proves the value of GABI-RET. Five cohorts and there is still an army of STEM teachers longing to be part of GABI-RET

• I learned that when teachers are able to participate in science, the stories and pictures they bring back to the classroom can be just as engaging to the 
students as if they had gone on the trip themselves. I also saw how participating improves teachers understanding of the scientific process that they 
are tasked with teaching

• I learned that the teachers are highly motivated to learn as much as possible, and to pass along this new information to their students. With one 
notable exception (my high school biology teacher who got me interested in natural history), I don’t remember my teachers in middle and high school 
being that interested or motivated

• The questions asked by the teachers about my research were excellent—these questions forced me to think critically about areas of my research that I 
did not understand well enough

• I learned how much teachers sacrifice for their students, and I was surprised to find this is true across teachers from all over the country

Fig. 5 Gains in selected benefit attributes for the scientists (N = 15)
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teachers are back in school focused on the lesson plans 
and the scientists are focused on their research. We did 
not build in the opportunity for teachers to present at 
professional meetings, but in a few instances we did fund 
travel for them to attend and co-present at meetings. We 
agree that this should be built into the project plan from 
the beginning.

(6) Allowing the teachers to bring back fossils into their 
classrooms. Most of the fossils were primarily collected 
under the auspices of a research permit. Nevertheless, to 
a limited degree, at some localities teachers were allowed 
to bring back representative fossils for instructional pur-
poses. We also innovated during the GAB-RET by 3D 
scanning relevant fossils that could be printed out in 
classrooms (Ziegler et al. 2020), for use during role model 
visits to the teachers’ schools. Representative fossils have 
also been uploaded to Morphosource (2022), a digital 
repository for scanned images.

(7) Having repeat teachers in successive years is a good 
practice that we implemented each year during cohorts 
2 to 5. This practice follows the concept of a teacher 
leader (Anonymous 2019), one who is already familiar 
with the program activities and goals. Thus, the value of 
this teacher-leader was the prior experience and mentor-
ing brought to the next cohort. We identified one or two 
teachers from each cohort and invited them to return 
for successive year’s participation in the entire cycle. 
Although we did not have the 25% recommended by the 
respondent above, mainly because we wanted to maxi-
mize the total number of teachers involved, the teacher-
leader model seemed to be effective for the GABI RET.

(8) Pairing teachers from the same school is an excel-
lent idea, and we consciously did this, mostly by inviting 
teachers from these schools in successive cohorts. Sev-
eral of these pairings were beneficial and we observed, 
for example, biology teachers at the same high school 
working together on GABI lesson plans and co-hosting 
scientist role-model visits to their schools. In retrospect, 

it may have been more effective if more teachers from the 
same school participated as members of the same cohort. 
In so doing, they could have formed a working partner-
ship at the beginning of the cohort experience in Panama, 
rather than wait until they were both back at the start of 
the school year.

(9) The idea of hosting webinars and periodic check-ins 
is excellent. During later cohorts, we tried some monthly 
web-based check-ins, but these met with limited success. 
The challenge in this regard was that the participants 
were from different time zones, so finding a suitable time 
for everyone was nearly impossible. We thus made these 
an optional expectation of participation. In retrospect, 
we should have made these required as a program com-
ponent. A decade ago, when we started the GABI RET, 
the use of online communication was less common than 
what we know today is now standard practice, particu-
larly due to the impacts of COVID-19 (Hartshorne et al. 
2022). We would implement expected and periodic web-
based meetings to introduce the project and the scientist 
and teacher participants before the fieldwork and after-
wards to keep the community of practice active for lesson 
plan development and implementation during the school 
year.

(10) We tracked collaborations and evaluated them 
(Davey 2017). We were, however, less intentional in 
encouraging teachers to present at professional meetings 
and such encouragement was done more on an ad hoc 
basis. We sent some teachers to professional meetings, 
but were likewise not intentional in helping them prepare 
unless they requested help from a scientist. In the future, 
being more deliberate would unquestionably become a 
best practice if teachers presenting at professional meet-
ings is a project goal.

In total, these scientist recommendations all make 
sense and serve as further evidence of best practices 
for sustained and successful scientist-teacher partner-
ships in the future. In addition, a core best practice is to 

Table 7 Scientists’ recommendations for future RETs

Responses 1, 2, and 5–10 are discussed in the text (3–4) are not discussed because these are more general)

1. More diversity of educators (regionally and subjects taught)

2. Teachers from states where fossil digs occur

3. Develop a cohesive story for the program and experience

4. Focus on the science and engage the teachers in the discussion

5. Engage teachers in professional talks and experience

6. Find a way to allow teachers to take fossil samples back to their classroom

7. 25% returning teachers; have them present their experience to the new teachers

8. Consider pairs of teachers from the same school

9. Present webinars prior to the face-to-face for sharing information, covering preliminary topics, etc

10. Track collaborations and teach teachers how to prepare a professional poster and talk
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mutually respect both the teachers’ (Warwick et al. 2020) 
and scientists’ time, both sets of which have many other 
demands. In so doing, the partnership will be mutually 
beneficial.

Limitations and challenges
A major limitation of this retrospective study is that it 
was undertaken near the end the project (also see Ufnar 
et al. 2017). The reason for this is that we did not antici-
pate such a strong positive response from the scientists 
in terms of the great benefit that they derived from their 
participation in the GABI RET. We therefore had to 
use the data collected during the summative evaluation 
(Davey 2017). As such, we were not able to develop an a 
priori research design that would have allowed us to fol-
low more rigorous analyses expected from educational 
research. While we have collected significant qualitative 
data from the open-ended responses during the summa-
tive evaluation, the relatively small sample size did not 
allow formal quantitative analysis.

Furthermore, our retrospective results did not allow for 
further investigation of different scientists’ perceptions, 
given the fact that they ranged from early to late career 
stages. The early career participants may have been more 
effective as near-peer role models in the classroom and 
more forward-thinking about how their individual expe-
riences with science-teacher partnerships might be 
changed in the future. Later career respondents may have 
been more reflective of their experiences as contributions 
to benefit society and a sense of social responsibility. 
These aspects of the scientists’ perceptions would likely 
be of interest if in the future a follow-up study is done 
with a larger sample size that could compare differences 
within group participants.

Concluding comments
Our GABI RET provides a clear example of how and why 
this partnership offers mutual benefit, and of particular 
relevance to the questions posed in this case study, the 
previously little-known significance of the impact on sci-
entists. Our study further documents specific outcomes 
accrued to the scientists and reinforces other literature 
(e.g., Tanner 2000; Tanner et  al. 2003) indicating these 
benefits. Not surprisingly, the GABI RET scientists felt 
they developed stronger communication skills, stronger 
STEM identity, and a better understanding of the prac-
tices and challenges of the K-12 teaching profession (e.g., 
Johnson 2017). In addition, the GABI RET also demon-
strates innovation in these partnerships, i.e., the scientist 
role-model visits to the classrooms that were an unan-
ticipated project component. In addition, best prac-
tices, such as a collaborative model, teacher leaders, and 
an ongoing (rather than one-off) process of sustained 

professional development can make these scientist-
teacher partnerships more effective and successful for all 
participants.

Our study was opportunistic, i.e., we did not fully real-
ize the value of the GABI RET to the scientists until near 
the end of the project. We therefore had to choose a ret-
rospective design (Ufnar et al. 2017) for this case study, 
which we felt has value for the scientific community. In 
the future, other projects involving scientist-teacher part-
nerships that seek to understand the benefit to scientists 
could be developed as an ongoing evaluation component 
from the beginning, possibly using, or informed by, our 
validated instrument (Additional file 1). The focus of our 
study was to better understand our two stated research 
questions: (1) In what ways did working with the teach-
ers on their research project affect the scientists? (2) In 
what ways did the research experience affect scientists’ 
practice? Other questions, of particular interest to sim-
ilar studies in the future, might also be useful to better 
understand the value of these kinds of partnerships.

Overall, here we show that scientists potentially per-
ceive great benefits from these kinds of partnerships. 
While the primary intent and scope of this study was to 
document the benefits accrued to the scientists in RET-
like projects, our results and recommendations described 
above may also have broader relevance to other kinds of 
scientist-teacher partnerships.

Abbreviations
GABI: Great American Biotic Interchange; K-12: Grades kindergarten through 
12 in the U. S. public school system; mya: Million years ago; NSF: U. S. National 
Science Foundation; PD: Professional development; RET: Research Experiences 
for Teachers (NSF); REU: Research Experiences for Undergraduates (NSF); STEM: 
Science, Technology, Engineering, Technology.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12052- 022- 00177-z.

Additional file 1. PCPPireTeach and GABI RET Mentor [Scientist] Survey. 
Validated survey used for the scientists described in this study.

Acknowledgements
We thank all of the participants, including the teachers, scientists, support 
staff, and other participants of the five cohorts (2012 to 2016) for their passion, 
interest, and contributions to this project. In the initial stages of this project, 
Superintendent (now retired) Gary Bloom of Aptos, California, was instru-
mental in providing an initial vision for this scientist-teacher partnership. We 
thank Brian Abramowitz and Megan Ennes for providing helpful comments on 
earlier versions of this manuscript. This study (#2014-U-0267) was approved by 
the Institutional Review Board (IRB-02) at the University of Florida.

Author contributions
MacFadden created, led, and wrote the large part of the manuscript and led 
the review process. Davey led the development of the summative evaluation 
(Davey 2017) and wrote the evaluation section above. Vargas Vergara carefully 
reviewed the manuscript and helped with detailed editing. All authors read 
and approved the final manuscript.

https://doi.org/10.1186/s12052-022-00177-z
https://doi.org/10.1186/s12052-022-00177-z


Page 14 of 15MacFadden et al. Evolution: Education and Outreach           (2022) 15:20 

Funding
This project was funded by NSF 0966884 (Panama Canal Project), including 
two supplements (1237203, 1321453) and NSF 1358918 (GABI RET). The NSF 
had no role in the development of this project and preparation of the results 
presented here other than provide the support indicate above.

Availability of data and materials
The data used to prepare this report are contained in the summative evalu-
ation document referenced as Davey (2017) below. The validated scientist 
survey is appended as an Additional file 1.

Declarations

Competing interests
The authors have no competing interests, either financial or otherwise, to 
declare.

Author details
1 Thompson Earth Systems Institute (TESI), Florida Museum of Natural History, 
University of Florida, Gainesville, FL 32611, USA. 2 Office of Advancement, Santa 
Fe College, Gainesville, FL 32606, USA. 3 Technology for Learning Consortium 
Inc, Stuart, FL 34996, USA. 

Received: 7 October 2022   Accepted: 1 December 2022

References
Abramowitz B, Ennes M, Killingsworth S, Antonenko PD, MacFadden B, Ivory A. 

Science in school: Transforming K-12 outreach through scientist teacher 
partnerships. J STEM Outreach. 2021;4(1):1–14.

Alberts B. Scientists have important roles, responsibilities in future of science 
education. Forum on Education newsletter, November 1994. https:// 
engage. aps. org/ fed/ resou rces/ newsl etters/ newsl etter- archi ve/ novem 
ber- 1994. Accessed 9 Nov 2021.

Anonymous. Teacher leadership: The role of educators in our schools and 
communities. 2019. https:// online. campb ellsv ille. edu/ educa tion/ teach 
er- leade rship/. Accessed 18 Apr 2022.

Burton L, Mazerolle S. Survey instrument validity part 1: principles of survey 
development and validation in athletic training education research. 
Athletic Training Ed J. 2011;6(1):27–35.

Cochran KF. Pedagogical content knowledge: Teachers’ integration of subject 
matter, pedagogy, students, and learning environments. 1997. https:// 
narst. org/ resea rch- matte rs/ pedag ogical- conte nt- knowl edge. Accessed 
4 Oct 2022.

Cormas PC, Barufaldi JP. The effective research-based characteristics of profes-
sional development of the National Science Foundation’s GK-12 program. 
J Sci Teacher Ed. 2011;22:255–72.

Croasmum JT, Ostrom L. Using Likert-type scales in social science research. J 
Adult Ed. 2011;40:19–22.

Davey BT. Panama GABI RET 5-Year Summative Evaluation Report. 2017. 
https:// resou rces. infor malsc ience. org/ panama- gabi- ret-5- year- summa 
tive- evalu ation- report. Accessed 4 Oct 2022.

Dresner M, Starvel E. Mutual benefits of teacher/scientist partnerships. 2004. 
https:// pdxsc holar. libra ry. pdx. edu/ esm_ fac/ 72/. Accessed 17 Mar 2022.

FLMNH (Florida Museum of Natural History). 2022. Learning resources Florida 
Museum. https:// www. flori damus eum. ufl. edu/ educa tors/ resou rce/ gabi- 
ret/. Accessed 23 Nov 2022

Flynn JJ, Kowallis BJ, Nuñez C, Carranza-Castañeda O, Miller WE, Swisher CC III, 
Lindsay E. Geochronology of Hemphillian-Blancan aged strata, Guana-
juato, Mexico, and implications for timing of the Great American Biotic 
Interchange. J Geol. 2005;113:287–307.

Frechtling J. The 2010 User Friendly Handbook for Project Evaluation. 2010. 
https:// www. infor malsc ience. org/ sites/ defau lt/ files/ TheUs erFri endly 
Guide. pdf. Accessed 17 Mar 2022.

Gamse B, Smith WC, Parsad A, Dreier J, Neishi K, Carney J, Spader J. Evaluation 
of the National Science Foundation’s GK-12 program. Cambridge: Abt 
Associates; 2010.

Gardner K, Glassmeyer D, Worthy R. Impacts of STEM professional develop-
ment on teachers’ knowledge, self-efficacy, and practice. Front Educ. 
2019. https:// doi. org/ 10. 3389/ feduc. 2019. 00026/ full.

Grant C. STEM identity development in minoritized youth at a public alterna-
tive high school in California. Doctoral Dissertation, University of Florida. 
2020; 200 p.

Hartshorne R, Baumgartner E, Kaplan-Rakowski R, Mouza C, Ferdig RE. Special 
Issue Editorial: Preservice and inservice professional development during 
the COVID-19 pandemic. J Tech Teacher Ed. 2020;28(2):137–47.

Johnson O. A shift in scientific identities: How teachers-scientist partnerships 
can impact middle schools teachers’ science teaching and instruction. 
NC State University, Friday Inst Ed Innov. 2017. https:// www. fi. ncsu. edu/ 
news/ shift ing- scien tific- ident ities/. Accessed 7 Oct 2022.

Kays J. Digging Panama. Explore: Research at the University of Florida. 
2014;19(1):14–25.

MacFadden BJ. Broader impacts of science on society. Cambridge: Cambridge 
University Press; 2019.

Mervis J. Outrage greets NSF decision to end STEM Fellows program. Science. 
2011;331:1127.

Morphosource. 2022. https:// www. morph osour ce. org/. Accessed 17 Mar 2022.
NGSS. Next Generation Science Standards. 2013. https:// www. nextg ensci ence. 

org/. Accessed 6 Oct 2022.
NRC (National Research Council). A framework for K-12 science education. 

Washington: The National Academies; 2012.
NSF. NSF Graduate Stem Fellows in K-12 Education (GK-12). Program solicita-

tion 09-549; 2021. https:// www. nsf. gov/ pubs/ 2009/ nsf09 549/ nsf09 549. 
htm. Accessed 4 Oct 2022.

NSF. Dear colleague letter: research experiences for teachers (RET) supplement 
opportunity. 22-043; 2022. https:// www. nsf. gov/ pubs/ 2022/ nsf22 043/ 
nsf22 043. jsp. Accessed 4 Oct 2002.

O’Dea A, et al. Formation of the isthmus of Panama. Sci Adv. 2016. https:// doi. 
org/ 10. 1126/ sciadv. 16008 83.

OECD. Creating effective teaching and learning environments: first results 
from TALIS. OECD Publishing, Paris, France; 2009. https:// www. oecd. org/ 
educa tion/ school/ 43023 606. pdf. Accessed 7 Oct 2022.

PCP (Panama Canal Project). 2022. https:// www. flori damus eum. ufl. edu/ 
panama- pire/. Accessed 6 Sep 2022.

Pimiento C, González-Barba G, Ehret DJ, Hendy AJW, MacFadden BJ, Jaramillo 
C. Sharks and rays (Chondrichthyes, Elasmobranchii) from the Late Mio-
cene Gatun Formation of Panama. J Paleontol. 2013;87(5):755–74.

Shulman LS. Those who understand: knowledge growth in teaching. Ed 
Researcher. 1986;15:4–14.

Shulman LS. Knowledge and teaching: foundations of the new reform. Har-
vard Ed Rev. 1987;57:1–22.

Stehi FG, Webb SD. The great American biotic interchange. New York: Plenum 
Press; 1985.

Stewart RH, Stewart JL, Woodring WP. Geologic map of the Panama Canal and 
vicinity, Republic of Panama, U. S. Geological Survey IMAP 1232. 1980; 
https:// doi. org/ 10. 3133/ i1232

Tanner K. Evaluation of scientists-teacher partnerships: Benefits to scientist 
participants. NARST presentation annual conference April 29, 2000, New 
Orleans, LA. https:// www. resea rchga te. net/ publi cation/ 26797 4756_ Evalu 
ation_ of_ Scien tist- Teach er_ Partn ershi ps_ Benefi ts_ to_ Scien tist_ Parti 
cipan ts. Accessed 15 Apr 2022.

Tanner KD, Chatman L, Allen D. Approaches to biology teaching and learning: 
science teaching and learning across the school-university divide-
cultivating conversations through scientist-teacher partnerships. Cell Bio 
Ed. 2003;2:195–201.

Ufnar JA, Kuner S, Shepherd VL. Moving beyond GK-12. CBE Life Sci Ed. 
2012;11:239–47.

Ufnar JA, Bolger M, Shepard VL. A retrospective study of a scientist in the 
classroom partnership program. J Higher Ed Outreach Engagem. 
2017;21(3):69–96.

Van Schaik E. Five principles of a mutually beneficial partnership. 2017. https:// 
www. linke din. com/ pulse/ five- princ iples- mutua lly- benefi cial- partn ership- 
emiel- van- schaik. Accessed 18 Mar 2022.

Warwick AR, Kolonich A, Bass KM, Mead LS, Reichsman F. Ten simple rules for 
partnering with K–12 teachers to support broader impact goals. PLoS 
Comp Bio. 2020;16(10): e1008225. https:// doi. org/ 10. 1371/ journ al.

Webb SD. The great American biotic interchange: patterns and processes. Ann 
Missouri Bot Gard. 2006;93:245–57.

https://engage.aps.org/fed/resources/newsletters/newsletter-archive/november-1994
https://engage.aps.org/fed/resources/newsletters/newsletter-archive/november-1994
https://engage.aps.org/fed/resources/newsletters/newsletter-archive/november-1994
https://online.campbellsville.edu/education/teacher-leadership/
https://online.campbellsville.edu/education/teacher-leadership/
https://narst.org/research-matters/pedagogical-content-knowledge
https://narst.org/research-matters/pedagogical-content-knowledge
https://resources.informalscience.org/panama-gabi-ret-5-year-summative-evaluation-report
https://resources.informalscience.org/panama-gabi-ret-5-year-summative-evaluation-report
https://pdxscholar.library.pdx.edu/esm_fac/72/
https://www.floridamuseum.ufl.edu/educators/resource/gabi-ret/
https://www.floridamuseum.ufl.edu/educators/resource/gabi-ret/
https://www.informalscience.org/sites/default/files/TheUserFriendlyGuide.pdf
https://www.informalscience.org/sites/default/files/TheUserFriendlyGuide.pdf
https://doi.org/10.3389/feduc.2019.00026/full
https://www.fi.ncsu.edu/news/shifting-scientific-identities/
https://www.fi.ncsu.edu/news/shifting-scientific-identities/
https://www.morphosource.org/
https://www.nextgenscience.org/
https://www.nextgenscience.org/
https://www.nsf.gov/pubs/2009/nsf09549/nsf09549.htm
https://www.nsf.gov/pubs/2009/nsf09549/nsf09549.htm
https://www.nsf.gov/pubs/2022/nsf22043/nsf22043.jsp
https://www.nsf.gov/pubs/2022/nsf22043/nsf22043.jsp
https://doi.org/10.1126/sciadv.1600883
https://doi.org/10.1126/sciadv.1600883
https://www.oecd.org/education/school/43023606.pdf
https://www.oecd.org/education/school/43023606.pdf
https://www.floridamuseum.ufl.edu/panama-pire/
https://www.floridamuseum.ufl.edu/panama-pire/
https://doi.org/10.3133/i1232
https://www.researchgate.net/publication/267974756_Evaluation_of_Scientist-Teacher_Partnerships_Benefits_to_Scientist_Participants
https://www.researchgate.net/publication/267974756_Evaluation_of_Scientist-Teacher_Partnerships_Benefits_to_Scientist_Participants
https://www.researchgate.net/publication/267974756_Evaluation_of_Scientist-Teacher_Partnerships_Benefits_to_Scientist_Participants
https://www.linkedin.com/pulse/five-principles-mutually-beneficial-partnership-emiel-van-schaik
https://www.linkedin.com/pulse/five-principles-mutually-beneficial-partnership-emiel-van-schaik
https://www.linkedin.com/pulse/five-principles-mutually-beneficial-partnership-emiel-van-schaik
https://doi.org/10.1371/journal


Page 15 of 15MacFadden et al. Evolution: Education and Outreach           (2022) 15:20  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Wenger ER, McDermott R, Snyder WM. Cultivating communities of practice. 
Boston: Harvard University Press; 2002.

Whitmore FC Jr, Stewart RH. Miocene mammals and Central American sea-
ways. Science. 1965;148:180–5.

Woodring WP. Geology and Paleontology of Canal Zone and adjoining parts of 
Panama. United States Geological Survey Professional Paper 306 A; 1957.

Ziegler MJ, Perez VJ, Pirlo J, Narducci RE, Moran SM, Selba MC, Hastings AK, 
Vargas-Vergara C, Antonenko PD, MacFadden BJ. Applications of 3D 
paleontological data at the Florida Museum of Natural History. Front 
Earth Sci. 2020;8:570.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Scientists benefit greatly from K-12 partnerships: the Panama Research Experiences for Teachers project
	Abstract 
	Introduction
	STEM content: the GABI (Great American Biotic Interchange) and Panama connection
	RET: conceptual framework
	Scientist-teacher partnerships
	Mutual benefit
	Best practices

	Project components and activities, with emphasis on the scientists
	Participant recruitment and characteristics
	Teachers and K-12 educators
	Scientists
	Other participants

	Project evaluation
	Results: scientists’ perspective
	Question 1: In what ways did working with the teachers on their research project affect the scientists?
	Sub-question 1a. Did your understanding of teaching and learning change as a result of working with your teacher partners? If so, how?
	Sub-question 1b. If you had an opportunity to visit a classroom, how did your visit impact you? If you visited more than once, how did your visits change over time?

	Question 2: In what ways did the research experience affect scientists’ practice?
	2(a). Explain how working with teachers on the Panama project influenced your implementation of the scientific process in your own work.
	2(b). What did you learn about mentoring from working with the teachers during this experience? What surprised you most about these interactions?

	Discussion
	Recommendations: scientists’ point of view
	Limitations and challenges

	Concluding comments
	Acknowledgements
	References




