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ABSTRACT: We describe a long-standing weeklong K-12 STEM teacher workshop that shifted to a virtual platform in 
2020. We re-engaged former participants during this STEM Institute with goals of 1) modeling ways to connect best prac-
tices for STEM education gained in previous workshops to a virtual environment, 2) providing space for teacher reflection 
on their virtual learning implementation during Spring 2020 without sufficient planning time, 3) offering collaborative 
planning time as they prepared for the Fall 2020 semester, and 4) supporting Southwest Florida STEM teachers through 
community building during the institute. We continued to focus our delivery (previously in person now virtually) on the 5E 
model (BSCS, 1987). Drawing upon past participant surveys and anecdotal data from previous years, facilitators addressed 
teachers’ need for tools and lessons they could implement in their own virtual classes in the fall with plenty of time to listen 
and learn from each other. Here we discuss our virtual STEM Institute structure in contrast to previous years, virtual tools 
demonstrated by facilitators and teacher participants, and facilitator experiences and outcomes during the virtual workshop. 
We provide both qualitative and quantitative summary data from participant surveys on satisfaction with STEM Institute 
components related to the goals described.

INTRODUCTION
Despite the over 15,000 school districts in the U.S., all 

offering multiple professional development programs with 
various sponsors, the effective preparation, induction, and 
professional development of STEM teachers has been poor-
ly studied (Wilson, 2011). In fact, Wilson characterizes the 
variety of professional learning opportunities as “carniva-
lesque” and the literature too varied and uneven to draw 
strong empirical claims. Current comprehensive reviews of 
STEM teacher professional development are lacking. Wil-
son’s review “suggests that professional development in 
STEM, when available, is often short, fragmented, ineffec-
tive, and not designed to address the specific need of individ-
ual teachers” (National Research Council, 2011, pp. 20-21). 
Quality professional development activities for K-12 teach-
ers in STEM are necessary.

The literature also tells us that there is a definite link be-
tween teacher confidence, anxiety, efficacy, and the student’s 
ability to learn (Riggs and Enochs, 1990; Tschannen-Moran 
et al., 1998). There is further evidence that when teachers 
are uncomfortable teaching topics, they tend to avoid them 

or deliver superficial coverage (Brusal and Paznoka, 2006, 
National Research Council, 2007). At no time in history has 
teachers’ self-efficacy been more important than during 2020 
when teachers were asked to learn new technologies while 
shifting to remote teaching. 

The forced transition to remote teaching brought on by 
COVID-19 did not surprise the education community with 
its lessons about equity in education. Students in families 
with high socioeconomic status (SES) have much greater 
access to STEM coursework and achievements from kin-
dergarten through college than their peers in families with 
lower SES. High SES families and schools are better able to 
provide the resources, exposure, and experiences that lead 
to STEM success (Ma and Liu, 2017). There are specific 
inequities in access to technological resources. Only three 
percent of teachers in high-poverty schools agreed that “stu-
dents have the digital tools they need to effectively complete 
assignments while at home,” compared to 52% of teachers 
in more affluent schools (Darling-Hammond et al., 2014). 
The impacts of these inequities were pronounced as South-
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west Florida transitioned to at-home learning in the spring 
of 2020. Districts rushed to provide computers and internet 
access support to students who did not have those resourc-
es. Additionally, STEM access and achievement challenges 
faced by rural communities often intersect with socioeco-
nomic access to STEM resources. In many areas across 
the U.S., rural communities are home to other underserved 
groups. Immigrant families are increasingly settling in rural 
communities, resulting in a growing number of traditionally 
marginalized students in rural schools (Schafft et al., 2006). 
Rural access to STEM expertise and education is low, when 
compared to their non-rural peers. 

The Southwest Florida region including Charlotte, Col-
lier, Lee, Glades, and Hendry counties exemplifies this over-
lap of rural and traditionally marginalized communities. The 
four largest districts within this region have free and reduced 
lunch rates higher than the State of Florida average of 64.1% 
(Florida Department of Education, 2020). While Lee and 
Collier districts have urban centers, Charlotte, Glades, and 
Hendry districts have much more rural populations. Areas 
within our region including Glades, Hendry, and the Im-
mokalee area of Collier County were designated a federal, 
rural “Promise Zone,” with a poverty rate of 31% in 2016 
(Housing and Urban Development Exchange, 2021).

The virtual 2020 STEM Institute was designed to support 
teachers and their students who were underserved in STEM 
disciplines during the pandemic when inequity in education 
was on the rise. While the revised institute was intended to 
benefit teachers as they transitioned to virtual and hybrid 
learning due to COVID-19, it was also designed to support 
teachers and their students in other ways. We hoped to lever-
age the forced transition by creating more equitable STEM 
engagement opportunities for students in Southwest Florida.

History of the STEM Institute. In 2012 The Whitaker Cen-
ter for STEM Education at Florida Gulf Coast University 
(FGCU) and the Conservancy of Southwest Florida began 
planning the first STEM Institute to be held in the summer 
of 2013. Since then, we have offered two identical one-week 
STEM Institutes each summer, one in June and one in July. 
In 2013 the STEM Institute had two primary goals: 1) to ex-
pose teachers to outdoor and classroom technology emerg-
ing in our region, including Vernier probes and iPads, and 
2) to introduce teachers to a website that houses the Florida 
Department of Education standards commonly referred to as 
CPALMS (CPALMS, 2019). As technology and tools like 
Vernier probes and iPads have become more mainstream, 
the goals of the STEM Institute shifted more toward STEM 
instruction in an effort to improve STEM teacher self-effi-
cacy in classroom pedagogy and STEM content instruction. 
These pedagogies include backward design (Wiggins and 
McTighe, 1998) and lesson planning delivered in the 5E in-
structional model of Engage, Explore, Explain, Elaborate, 

and Evaluate (Bybee, 2009). 
Another shift came in 2015 when The Whitaker Center 

for STEM Education at FGCU received a generous donation 
from the Richard M. Schulze Family Foundation to enhance 
the development of K-12 STEM teachers over the next five 
years. One of the areas for enhancement included in-service 
teachers who attend the STEM Institute. Beginning with the 
summer of 2016, teachers who attended the STEM Institute 
were compensated for their travel mileage and provided a 
$1,000 classroom grant to purchase supplies for their STEM 
classroom. Between 2016–2019, 183 K-12 teacher partici-
pants from Southwest Florida benefited from this generosity 
as attendees to the STEM Institute. Each year, the STEM In-
stitute planning committee (Institute facilitators and authors 
of this paper) meet to discuss and modify the STEM Institute 
for the next year through an evaluation of the previous year’s 
formative assessment and end of workshop survey. While 
a full discussion of the evolution of the STEM Institute is 
outside of the scope of this paper, we provide an outline of 
how the STEM Institute has shifted over the years in Table 1. 

Transitioning to a Virtual Platform. The impacts of 
COVID-19 on school districts have been catastrophic. The 
STEM Institute’s approach has always been to support 
teachers with tools and resources that can have the greatest 
positive impact on students, and in the wake of the pandem-
ic it was our aim to continue that support. In order to best 
support teachers under unique circumstances, we instituted 
three major changes to the 2020 STEM Institute format. 

2013 2019

Focus on proficiency with Technology 
Tools

Focus on proficiency with 5E model

Incorporate writing and journaling in 
STEM through the National Writing 
Project

Model guided inquiry lessons based 
on CPALMS lesson plans

Model guided inquiry lessons based 
on the 5E model

All sessions included all grade levels Some sessions are conducted by grade 
band

STEM lessons include forensics, 
water quality, solar energy, wildlife 
corridors and the environment, intro-
duction to engineering

STEM lessons include forensics, pop-
ulation dynamics and invasive species 
(sample: python), mangroves and 
tree-counting wet walk, solar energy, 
coding and robotics

Interactive sessions on How People 
Learn, Backward Design, and Stan-
dards

Interactive sessions on How People 
Learn, Backward Design and Stan-
dards

Friday presentations/demonstrations 
from individuals to all participants to 
discuss their lesson plan ideas.

Friday roundtables in grade bands to 
discuss lesson plan ideas. 

Deliverable: A guided inquiry lesson 
plan submitted to CPALMS repository 
(due Jan.)

Deliverable: A 5E lesson plan submit-
ted to the STEM Institute suitable for 
the FGCU repository (due Jan.)

Table 1. STEM Institute History Outline.
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The Institute 
• was presented virtually;
• focused on supporting teachers’ best practices in virtual 

and hybrid student-centered teaching;
• provided ample time for peer-to-peer mentorship and 

community building by having participants share les-
sons they implemented virtually the previous spring, 
discuss their expectations for the coming year, and pose 
questions to the group. 

While the lessons about inequities in our educational sys-
tem were not a surprise, the 2020 STEM Institute leveraged 
early COVID-19 lessons-learned to support teachers with 
high populations of students underserved in STEM disci-
plines with programming that 1) grows access to tools, tech-
nology, and expertise in STEM, 2) allows for student partic-
ipation at home, and 3) maintains a long-term connection to 
the STEM Institute. 

Through the weeklong program and continued engage-
ment with The Whitaker Center for STEM Education at 
FGCU, participants create a community of practice around 
student-centered learning, even in a virtual or hybrid envi-
ronment. The aim of the program necessarily shifted to repair 
the educational inequality caused by the COVID-19 crisis by 
creating a network of continued engagement and resource 
support. This paper describes the STEM Institute’s transition 
to virtual professional development, two lesson examples, 
and the tools used to create and maintain a community of 
learners while we were unable to be face-to-face. We will 
also present preliminary findings from participant surveys 
assessing teacher self-efficacy, their perceptions of the role 
of scientific investigation in school, and their perceptions of 
the Institute and how it will inform their STEM classroom 
practice in the coming year. 

METHODS
In the following sections we describe the STEM Insti-

tute’s historical program structure, and how it was trans-
formed for the summer of 2020. Table 2 outlines the main 
changes.

Participants. Historically, STEM Institute facilitators re-
cruited teacher participants through an open application and 
review process, prioritizing four participant qualifications: 
employment with a Title 1 school, distribution of partic-
ipants among elementary and secondary grade bands, rep-
resentation across FGCU’s five-county service region, and 
having no previous participation in the Institute. In the first 
years of the Institute an average of 30 participants were ac-
cepted each summer. Since 2016, two cohorts of 25 partici-
pants have been accepted each summer.

Since the 2020 Institute would be drastically different 
from previous years in regard to content and format, facili-
tators decided that repeated participation was desired so that 
participants were familiar with the general characteristics of 
the Institute, including the emphasis on guided inquiry learn-
ing using the 5E model and teacher self-efficacy. In 2020, 
facilitators recruited former participants who had demon-
strated their understanding of the Institute’s characteristics 
and/or continued to be leaders in their schools directly. One 
cohort of 21 was accepted and participated in July of 2020. 
Participants represented four SW Florida counties, with nine 
elementary teachers, eleven secondary teachers, and one 
former middle school teacher who transitioned to a district 
curriculum specialist. While all participants were STEM In-
stitute alumni, the 2020 STEM Institute was a completely 
different professional development program, so all content 
was new to participants. 

Program Structure. The daily schedule for the 2020 STEM 
Institute is shown in Table 3. Each day included four activ-
ities: 

1. Lesson introduction, focusing on one of the 5E phases 
each day; 

2. Independent work time for participants to engage with a 
virtual guided inquiry 5E lesson; 

3. Collaborative presentation by grade band and reflection 
on lessons completed during Spring 2020 remote 
teaching;

4. Open discussion time to reflect on challenges and 
successes of Spring 2020.

The re-engagement of past STEM Institute participants 
and the pivot to a virtual setting in 2020 modified the STEM 
Institute’s goals from previous years. Since participants were 
experienced in guided inquiry teaching pedagogies includ-
ing the 5E model, the primary program goal during the 2020 
STEM Summer Institute was increasing teachers’ ability and 
confidence in student-centered virtual learning by focusing 
on effective 5E strategies for remote teaching. We also want-
ed to give the participants some time to process what they 
had experienced as the pandemic unfolded and then to think 
about how they would manage their return to school in Au-

Previous STEM Institutes
(2013-2019)

2020 Virtual STEM Institute

Integrated Field Experiences Virtual “Exploration”

Low-tech, minimal online presence Leveraged Google Classroom, Google 
Sites, Jamboard

Discouraged repeat participants All participants were returning 
teachers

Focused on 5E Model for Inquiry 
Instruction (Bybee)

Focused on 5E Model for Inquiry 
Instruction (Bybee)

~50 Participants, 2 sessions 21 Participants, 1 session

Table 2. Summary of STEM Institute’s Transition to Virtual.
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gust. Beauchamp et al. (2014) found that professional learn-
ing opportunities that prioritized conversations and collab-
orations through the allocation of time for teachers to meet 
and talk fostered higher self-efficacy and collective efficacy 
among participants. Based on our sense that participants 
needed this less structured time to build community, we pri-
oritized small group discussions and time for reflection at 
the end of the daily programming. This idea is supported by 
Krim et al. (2019), who identified networking and commu-
nication among peers participating in the same professional 
learning experience as a key reinforcement of instructional 
change. 

Offering collaborative planning time to aid in prepara-
tion for the Fall 2020 semester and supporting participants 
through community building during the STEM Institute was 
accomplished through two afternoon breakout sessions (I 
and II) Monday-Thursday. Prior to the start of the Institute, 
we asked teachers if they would be willing to share a les-
son from the past year with other participants in their grade 
band. The facilitators identified four participants (one per 
day) that would model a lesson for peers during Breakout 
session I. This session was optional for participants in oth-
er grade bands. In Breakout II, we asked the participants 
to think about their classrooms, their needs, their students’ 
needs, and their resources with one of the facilitators. The 
Breakout II discussion prompts were as follows:

• Monday: Contrast your classroom face-to-face with vir-
tual – what was different, what stayed the same? 

• Tuesday: How did you manage your students? Were your 
courses synchronous or asynchronous? Were they most-
ly present/absent? Were parents more or less engaged? (I 
want to hear some stories, good and not so good) 

• Wednesday: What do you want to do to support your 
students and families in the Fall? 

• Thursday: What new resources might you use this Fall? 
Other topics about Fall teaching and what you are plan-
ning are also encouraged.

While facilitators were available throughout the day via 
Zoom, participants were only required to attend the lesson 
demonstrations from 9:30-10:30, lesson debriefs from 1:00-
1:25, and Breakout session II and debrief from 1:35-2:30. 
This structure required participants be logged into Zoom 
with cameras on for 2 to 3 hours per day. Participant engage-
ment in the remaining 2.5 to 3.5 hours was optional. 

Virtual Tools. While not demonstrated as an education-
al tool, the Institute’s main communication platform was 
Zoom. Additionally, the week’s activities were all housed in 
a Google Classroom that all teacher participants were invit-
ed to join. Participants were familiar with Google Classroom 
as it was used in the local school districts pre-pandemic and 
is still used now. Three virtual tools that were used to engage 
participants and were presented as tools to improve their 
classroom practice were Google Sites, Google Jamboard, 
and Concord Consortium’s SageModeler. Each STEM In-
stitute lesson included the modeling of one or more of these 
tools with the hope that teacher participants would find them 
useful and adapt them according to their classroom needs in 
the coming school year. 

Daily tasks and content were presented in Google Sites, 
a structured web page-creation tool that made it possible to 
create on-line lessons that were as interactive virtually as 
in-person field-based lessons. Each Google Site was a multi-
page website, with each of the 5Es on its own webpage, along 
with a linked Google Doc for participants to use as a science 
journal as they completed each lesson or activity (Figure 1). 
Google Site web-based tools were chosen for their intuitive 
format. Participants could learn the software with ease, if 
they chose to use it with their students in the fall. Addition-
ally, most school districts in the region were connected to the 
Google Suite of tools, so Google Sites could integrate tools 
with which they were already familiar. 

Google Jamboard is a digital and interactive whiteboard 
that can be used to collaboratively add ideas to a common 
workspace. We chose this tool for its integration with other 

Monday Tuesday Wednesday Thursday Friday

9:00 AM Introductions Debrief Debrief Debrief Debrief

9:30-10:30AM Engage: Coding Explore: Chemicals Explain: Pythons Extend: Beetles Evaluate: Writing

10:30-11:30AM
Facilitators available

Independent Work Independent Work Independent Work Independent Work Closing Remarks

Lunch Break

12:30PM
Facilitators available

Breakout I: K-2 Teacher 
Lessons

Breakout I: 3-5 Teacher 
Lessons

Breakout I: 6-8 Teacher 
Lessons

Breakout I: 9-12 Teacher 
Lessons

Reflection and Institute 
Evaluation

1:00-1:25PM Debrief Lessons Debrief Lessons Debrief Lessons Debrief Lessons

Break

1:35-2:00PM Breakout II Breakout II Breakout II Breakout II

2:05-2:30PM Debrief Breakout II Debrief Breakout II Debrief Breakout II Debrief Breakout II

Table 3. Overview of 2020 Institute Schedule. 
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problems by discovering and excavating possible skeletal 
remains while recognizing that the environment directly im-
pacts these processes. In previous years, we presented two, 
two-hour modules. 

We brought the forensic experience to the participants 
differently in 2020 through an activity that examined vari-
ations in insect abundance using Hide beetles (Dermestes 
maculatus, Figure 2). Lesson materials were shared with 
participants through Google Sites within the Google Class-
room. As participants moved through the 5Es in Google Sites 
during the morning presentation, they developed research 
ideas that would further their understanding of Dermestes 
maculatus behavior and categorized their research ideas as 
either natural or controlled experiments. Participants learned 
that the lesson could be adapted to a variety of grade levels 
to include science standards aligning with population densi-
ty, the physical and chemical weathering of the earth’s soils, 
soil stratigraphy, and the interaction of biological organisms 
throughout life. 

The forensic lesson culminated in small group Zoom dis-
cussions with teacher participants brainstorming ways they 
could implement a similar virtual, yet hands-on, 5E project 
in their own classrooms. Earlier in the summer, the forensics 
facilitation team led virtual lessons paired with the distri-
bution of “beetle hotel” kits to middle school campers. The 
team used this experience to promote discussions among 
STEM Institute participants on how they could utilize hands-
on materials to engage students virtually. Table 4 provides 
an overview of how each of the 5E phases of the lesson were 
adapted from an in-person to virtual format while combining 
participant engagement and learning outcomes.  

Lesson Transformation: Python Population Dynamics. 
This activity presented the story and research on one of 
Southwest Florida’s most impactful invasive species, 
the Burmese python. The activity engages learners with 

Google tools and because it supported explicit thinking and 
collaborative learning as participants reviewed each other’s 
ideas. A common use of Jamboard during the Institute was 
to create a space for idea sharing in the Explain section of 
the 5E model. We used Jamboard in a way that participants 
could share their ideas both in writing and through digital 
media. Teaching tools that allow individuals to utilize visual 
supports such as pictures, videos, and graphics have been 
found to benefit English Language Learners with complex 
science vocabulary and concepts (Silverman and Hines, 
2009).    

Finally, Concord Consortium’s SageModeler is a web-
based systems thinking and modeling tool. This tool was 
used in the Explore and Explain sections of the 5E model 
for the Python Problems population dynamics lesson. Sage-
Modeler allows participants to represent their understand-
ing of complex systems, change variables in each system, 
and simulate the outcomes of their decisions. This tool was 
presented as particularly helpful for scaffolding individuals’ 
understanding of complex systems and supporting emerging 
bilingual students in the practices of STEM, without text-
heavy descriptions.

Additionally, during Breakout session I, the participants 
who chose to attend and share lessons demonstrated other 
teaching tools and resources such as NearPod and FlipGrid.

The following lessons from the virtual STEM Institute 
illustrate how previous field-based lessons were translated to 
a virtual platform, while maintaining inquiry-based practice, 
utilizing one or more of the virtual tools described. 

Lesson Transformation: Skeletons and Soils. This activ-
ity introduces teachers to forensic science as a way to ap-
ply principles of science, math, and geology to real-world 

Figure 1. 2020 virtual STEM Institute Google Site template 
organized using the 5E model.

Figure 2. The Hide Beetles (D. maculatus), which were the sub-
ject of the virtual 5E forensic lesson. Photo credit: Amy Pham.
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the concepts of population dynamics and organismal 
relationships. In addition, learners use and create models as 
a scientific practice to make their understanding of systemic 
ecosystem interactions explicit (Lehrer and Schauble, 2006). 
From 2017 to 2019, this activity was presented in-person 
during a two-hour session at the Conservancy of Southwest 
Florida, where participants interacted with the organization’s 
python research biologists during a python necropsy. 
During the summer of 2020, the activity was converted to 
a Google Sites virtual lesson (Figure 3). STEM Institute 
participants interacted with the python biologists virtually 
and via video recording. Participants were also introduced to 
Concord Consortium’s virtual tool, SageModeler. They used 
the online modeling tools to create simulated population 
models of native species and the invasive Burmese python. 
The session concluded with a gallery walk where groups 
shared their simulations and revised their own models based 
on peer feedback. Table 5 briefly describes how learners 
engaged with each of the 5Es in the in-person and virtual 
environments to highlight the changes that were made, but 
with the hope of achieving the same learning outcomes.

Assessments. Teacher participants were surveyed to inves-
tigate three variables: their perceptions of the Institute and 
its usefulness to their classroom practice, their self-efficacy 
in teaching STEM disciplines, and their implementation of 
science investigations in their classrooms. 

Teacher Participants’ Perceptions of The STEM Institute. 
During the 2020 STEM Institute, participants were surveyed 

daily at the conclusion of each day’s activities. Surveys from 
Monday through Thursday were nearly identical, broken 
into three short pieces about the morning session, the after-
noon session, and the day overall. Participants rated their 
agreement on six statements about the morning session on 
a five-point Likert scale: (a) This time was well spent, (b) 
I was intellectually engaged with the ideas presented, (c) I 
increased my knowledge/understanding of the content pre-
sented, (d) The presenter was highly qualified in the field, 
(e) The materials provided will be useful in my classroom, 
and (f) I can use the materials provided with modifications. 
For the afternoon session, there was a single free response 
question pertaining to the Breakout II discussion (referred to 
as 4th Q because remote teaching mostly coincided with the 
4th quarter of the school year): “What is something from the 
4th Q breakout session that will be useful as you look toward 
and prepare for the coming academic year?” Finally, partic-
ipants were given the opportunity to provide free responses 
to three prompts about the day’s activities overall: (i) The 
most important thing you learned (or liked about) today, (ii) 
One “Aha!” moment you had today, and (iii) Suggestions for 
tomorrow or things from today that remain unclear.

Friday’s survey focused primarily on the workshop as 
a whole. In addition to reusing (a), (e), and (f) from the 
Likert scale statements above, participants were also asked 
their level of agreement about the length of the workshop 
(one week) and the amount of active screen time versus the 

Figure 3. 2020 virtual STEM Institute Python Population 
Dynamics Google Sites “Explore” Activity.

5E Element In-person Activity Virtual Activity

Engage

Group discussions: How 
do scientists locate buried 
bodies and estimate how 
long the remains have been 
dead?

Short videos on Galapagos 
finch studies with individual 
reflection and Google Form 
submission.

Explore

Group work: Work through 
field stations to locate 
subsurface changes, record 
soil color, use soil probes, 
and map burial.

Virtual module on Gregor 
Mendel and inheritance. 

Explain

Group work: Groups 
answer critical thinking 
questions with facilitator as 
part of the module. 

Small group breakout 
discussions about natural 
vs. controlled experiments 
and how these would be 
conducted in virtual, face-to-
face, or hybrid environments.

Elaborate

Famous and current 
forensic case stories are 
presented to participants by 
the facilitator.  

Virtual module about 
Dermestes maculatus 
beetles and their role in 
decomposition.

Evaluate

Group work: Participants 
present how they would 
bring versions of the topics 
into their own classrooms.

Design an experiment 
in which students would 
use D. maculatus beetles 
to infer relevant forensic 
information.

Table 4. Review of How Skeletons and Soils 5E Model Elements 
Changed Based on Teaching Modality.
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amount of individual time in the daily schedule. Participants 
were invited to choose from the week’s activities which they 
found most useful and which they found least useful, and 
they were given the option to add topics they would have 
liked to explore. Finally, as part of the Friday survey, partic-
ipants were given five reflective response questions: 

• In the pre-survey, we asked you to tell us what you hoped 
to gain this week. Did you get what you were hoping 
from the workshop?

• In what ways has your STEM teaching efficacy been 
impacted based on attending the 2020 virtual STEM In-
stitute?

• In what ways has your STEM teaching efficacy in a vir-
tual environment been impacted based on attending the 
2020 virtual STEM Institute?

• What were the top three beneficial parts of this workshop 
for you (do not have to be actual sessions)? Explain.

• What was the least beneficial part of this workshop for 
you (again, does not have to be a session)?  Explain.

Self-efficacy in Teaching STEM Disciplines. In previous 
years we collected quantitative surveys both before and after 
the Institute. Due to the upheaval caused by the pandemic in 
Spring 2020 we failed to administer any quantitative pre-sur-
vey. However, 2020 participants were asked to complete the 
Science Teaching Efficacy Belief Instrument (STEBI) the 
week following the Institute. The STEBI provides a con-
cise and adaptable tool made up of 25 forward and reversed 

phrased items used to measure participants’ beliefs of their 
efficacy for teaching (Riggs, 1988). In an attempt to have the 
STEBI questions focus more specifically on STEM subjects, 
we utilized a modified version that replaced any reference 
of the term science with STEM (Bleicher, 2004; Nadelson 
et al., 2012). The modified in-service STEM version of the 
STEBI achieved a satisfactory level of instrument reliability 
with an α of .85 and has been utilized in other subsequent re-
search to assess teachers’ self-efficacy in STEM instruction 
(Cooper et al., 2014; Nadelson et al., 2012). 

Implementation of Science Investigation in The Classroom. 
As with the STEBI, 2020 STEM Institute participants were 
asked to complete the Inquiry Science Implementation 
Scale (ISIS) as a post-survey that was administered directly 
after the Institute. The ISIS aided in the examination of the 
implementation of science investigations in three phases: 
introduction, preparation and conduction, and summary 
(Brandon et al., 2009). As a self-reporting instrument, ISIS 
requires teacher participants to respond to 22 items based 
on the statement, “When you teach science, how frequently 
do you”. Internal consistency and test–retest analyses 
reported satisfactory reliability of the instrument; the two 
administrations of the questionnaire achieved a coefficient α 
of 0.87 and 0.89 (Brandon et al., 2009). 

Next-year Follow-up.
Lesson Plans. One of the key features of the STEM Institute 
is a classroom grant that participants receive for participa-
tion in the STEM Institute. One of the deliverables that we 
ask of the participants is a lesson plan for a STEM activity 
based on the 5E model. We encourage participants to work 
together on these and develop their lesson ideas during the 
Institute. They receive peer and facilitator feedback on their 
ideas the last day of the workshop. Participants receive a 
template for the 5E lesson plan during the Institute and are 
asked to provide a completed lesson plan including any 
teaching materials by January of the following year to the 
facilitators for review. Two facilitators review each lesson 
plan and feedback is returned to the teachers with the option 
to revise and have their lesson posted on FGCU’s repository 
(Florida Gulf Coast University Digital Repository, 2021). 

Conference Attendance. STEM Institute participants are 
also invited to attend the Florida Association of Science 
Teacher’s annual conference in October of the following 
year. The conference offers pre-conference workshops (of-
ten free or minimal charge) where teachers can participate 
in field experiences along with STEM conference sessions 
for K-12 teachers. Registration and hotel nights are paid for 
STEM Institute participants through the Schulze Foundation 
sponsorship. 

5E Element In-person Activity Virtual Activity

Engage

Table partner discussion: 
What do you already 
know about pythons in 
Southwest Florida?

Science Journal reflection: 
How are organisms related in a 
healthy ecosystem?

Explore
Python necropsy in 
lab, article reading, and 
reflection in groups

Virtual modules on invasive/
native/exotic species, 
population dynamics; video 
recorded necropsy, live, virtual 
Q and A with the Conservancy 
python biologists

Explain

Create progressively 
more complex models of 
Everglades ecosystem, 
simulated and physical, 
depending on grade band.

Build simulated models 
of Everglades ecosystem, 
using Concord Consortium’s 
SageModeler and test policy 
decisions to measure impact of 
actions. 

Elaborate
Time limitations 
prevented completing this 
element.

Use SageModeler to create 
simulated model for novel 
invasive species. 

Evaluate

Gallery walk to view 
peer models and revise 
own model based on peer 
learning.

Virtual gallery walk, using 
Google Jamboard, providing 
praise, critique, and question to 
peers. Revise own model based 
on peer learning.

Table 5. Review of How Python Population Dynamics 5E Model 
Elements Changed Based on Teaching Modality.
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RESULTS
Assessments. 
Teacher Participants’ Perceptions of The STEM Institute. 
As a program assessment, preliminary examination of the 
daily feedback surveys from Monday through Friday indi-
cated that we achieved our goals of providing tools that par-
ticipants could use to engage students in the 5E instruction-
al model in a virtual environment and building community 
among the participants. In response to the daily feedback 
surveys, all participants expressed overall satisfaction with 
the virtual format of the STEM Institute. When planning the 
curriculum and content for the Institute, it was important 
that we avoided “Zoom fatigue” or over-filling their daily 
schedule. Upon reviewing participant survey responses, all 
participants expressed high satisfaction with the one-week 
workshop length as well as the amount of active screen time 
versus individual time. A long-time goal of the Institute is 
for the participants to be able to utilize and adapt the re-
sources provided. Even though we had teacher participants 
from early elementary through high school, all participants 
expressed agreement when asked if the materials provided 
would be useful in their classrooms and if they could use the 
materials with modifications. 

Initial themes that have emerged from participants’ short 
answer responses describing the elements of the STEM In-
stitute that were most beneficial include the importance of 
community, the value of learning new virtual tools and re-
sources, and review and demonstration of the 5E model. One 
participant wrote, “Seeing the 5E lessons modeled in several 
ways has helped me see how to adapt it to my students.” This 
response suggests that participants are gaining the ability to 
utilize ideas and lessons from the Institute and adapt them 
to their own classrooms. Another participant highlighted the 
benefits of the Institute by responding, “First, Google Sites 
is going to be a game changer in providing lessons in the 
google classroom for my primary kiddos. Second, the break-
out sessions were great because they gave us an opportunity 
to share and learn from others. Finally, the opportunity to in-
teract with the lessons and then discuss them was beneficial 
in helping me process how I might use them or some face of 
them.” This participant’s response emphasizes the benefits 
of community building and learning of new virtual tools and 
resources. 

Self-efficacy in Teaching STEM Disciplines. In the prelim-
inary analysis of participants’ post-STEM Institute 5-point 
scale surveys, participants averaged a 4.06 on the combined 
25 STEBI statements, indicating a high level of self-effica-
cy. This average was slightly above the average post-STE-
BI scores from previous Institutes (2014=4.02, 2015=3.87, 
2016=4.02, 2017=3.89, 2018=3.91, 2019=4.04) and could 
be due in part to the purposive selection process of 2020 
participants from STEM Institute alumni. Due to the STE-

BI only being administered as a post-Institute survey, we do 
not have any quantitative data available to determine the in-
fluence of the 2020 STEM Institute on participants’ teacher 
self-efficacy in STEM. However, qualitative responses such 
as, “My efficacy has exponentially increased. I am more con-
fident in myself to use the 5E lesson plans for my students” 
support the notion that we achieved our goal of increasing 
participants’ teacher self-efficacy in STEM. 

Implementation of Science Investigation in The Class-
room. The ISIS surveys were also only administered as post 
Institute surveys. However, when compared to post-ISIS 
average scores from previous Institutes, 2020 participants’ 
average score of 4.32 was similar (2013=4.45, 2014=4.30, 
2015=4.11, 2016=4.31, 2017=4.41, 2018=4.18, 2019=4.27). 
Teacher participants’ encouraging qualitative responses per-
taining to the implementation of STEM content reinforce the 
above average ISIS scores of 2020 participants. For exam-
ple, one participant wrote, “This virtual STEM institute was 
an eye opener of what I would like my science program to be 
more like, and guides me to integrate a balance of engaging 
and exemplary lessons for my students”. These results pro-
vide some evidence of our effectiveness in modeling guided 
inquiry 5E lessons throughout the 2020 virtual STEM Insti-
tute. 

Next year Follow-up.
Lesson Plans. While the facilitators diligently reviewed the 
lesson plans after the 2016, 2017, and 2018 STEM Institutes, 
the pandemic derailed the review of lesson plans in spring 
of 2020 and 2021. While most teachers follow through with 
providing us an initial lesson plan, their ability to follow 
through and revise those for our repository has been limited. 
To date we have 14 K-12 lesson plans available in the FGCU 
repository. For example, in 2018, we received 30 lesson 
plans for review and only three of these lesson plans were 
revised and shared through the FGCU repository.

Conference Attendance. Many of the participants take ad-
vantage of the Florida Association of Science Teacher’s 
(FAST) annual conference offer. In 2018, forty-three teach-
ers attended with three facilitators and in 2019, thirty-two 
teachers attended with five facilitators. In 2020, the FAST 
conference moved to a virtual format and only nine STEM 
Institute participants and one facilitator attended. The FAST 
conference will be returning to an in-person format in 2021 
and we hope to revive this activity as it has become an im-
portant community building activity for the teachers.

DISCUSSION
Virtual Teaching for Today’s K-12 Teacher. For various 
reasons, including lack of preparation and a perceived need 
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for special equipment and supplies, elementary teachers have 
been reticent to include meaningful science lessons in their 
instruction for many years (Conderman and Woods, 2008). 
The problem worsened when preparation for high-stakes 
mathematics and English language arts tests took more time 
out of the school day beginning in the early 2000s, caus-
ing many schools to drastically reduce the amount of time 
for science instruction. Since 2013, one of the goals of the 
Institute has been to share best practices and resources for 
integrating STEM lessons into the curriculum. Many of the 
lessons presented in all Institutes by the facilitators integrate 
STEM with English language arts, especially writing in the 
curriculum, as well as other subjects, including social stud-
ies and art. This was also true in the 2020 Institute.

The challenge of acclimating to new modalities of teach-
ing was felt by teachers and facilitators alike. As we drafted 
the new virtual curriculum for the 2020 Institute, we made 
sure to include two key characteristics of effective teacher 
professional development: interactive learning opportunities 
and applicable models for delivering content (Darling-Ham-
mond et al., 2017; Matherson and Windle, 2017). Our de-
cision to model virtual tools that participants could easily 
adapt to their subject and grade level stemmed from Mather-
son and Windle’s (2017) findings that teachers desire profes-
sional development opportunities that aid in the preparation 
and delivery of techniques and strategies that can be utilized 
immediately in their classrooms. As classrooms worldwide 
transitioned to online environments, virtual tools became 
the new whiteboards and PowerPoints. Virtual tools such as 
Google Sites and Google Jamboard allowed us to engage 
teacher participants in the content while also demonstrating 
the 5E Model. For teachers, the switch from pre-pandemic 
hands-on, minds-on STEM lessons to virtual STEM lessons 
made the inclusion of STEM in the regular school day even 
more challenging. Some of the most popular activities at the 
previous STEM Institutes included materials that most stu-
dents do not have at home, such as robots and measuring 
tools. Further, many K-12 students do not have even mini-
mal resources at home for STEM exploration activities, such 
as plastic cups, paper clips, and scissors. When classrooms 
went virtual, students found themselves without classmates 
to collaborate with on STEM projects. Further, adult super-
vision became problematic because the adults in many fami-
lies had to continue working in person away from home. In-
cluding time in the 2020 Institute to discuss these challenges 
through sharing successes and failures was very important to 
both the K-12 participants and facilitators.

Moving to a virtual setting also challenged some of the 
facilitators to adapt their face-to-face lessons. For example, 
the in-person forensic activity focused on burial site geolo-
gy, soil pH, and temperature effects on decomposition transi-
tioned to focus on dermestid beetle decomposition. Practice 
and training modeled by our STEM Institute education facil-

itators aided other facilitators in planning classroom activi-
ties outlined in the examples previously mentioned. 

Facilitator Reflections and Other Lessons Learned. 
The Institute was specifically structured to provide teacher 
participant support through building community with each 
other, the FGCU facilitators, and community partners like 
the Conservancy of Southwest Florida. In the following sec-
tions, we reflect on those plans and how they functioned to 
grow a community of STEM-confident teachers. 

Building Community Through Program Structure. The 
daily virtual breakout sessions provided the Institute with 
recurring sessions and follow-up, which Darling-Hammond 
et al. (2009) label as a requirement of good professional de-
velopment. Long term, sustained efforts allow community 
building to be a part of the professional development process 
(Eib and Miller, 2006; Crawford et al., 2021). Each partic-
ipant had attended at least one STEM Institute previously 
and many had attended FAST conference follow-up events. 
Through the afternoon breakout discussion sessions that in-
corporated smaller groups and open discussion, the facili-
tators (one per breakout room) and the participants began 
to build a more meaningful and longer lasting community. 
During these sessions we were emphasized the participant’s 
societal importance as educators. As facilitators, we believe 
teachers are the heart and soul of our educational system and 
their value is often under-appreciated and under-estimated. 

Community Partnerships to Support Students and Educa-
tors. While not formalized, the partnership practice that is the 
foundation for the STEM Institute works toward building a 
community of practice focused on the domain of student-led 
and field-based teaching and learning (Wenger, 2010). Since 
the Institute took place relatively early in the pandemic and 
prior to the beginning of the school year, partners like the 
Conservancy of Southwest Florida were also planning for 
a shift to virtual learning. Community partners contribute 
to and draw from community resources, like curriculum re-
sources, partnered field experiences, and funding resources 
for classroom supplies. We believe the transition to a virtual 
environment only strengthened these partnerships, leading 
to sustained interaction throughout the 2020-2021 school 
year. 

Program Planning. The logistics of doing nearly all things 
virtually changed immensely since the start of the pandemic, 
and planning the Institute was no different. Particularly 
challenging was developing the curriculum and daily 
schedule. Prior institutes from 2013-19 always included 
changes based on feedback and experience, but 2020 
required developing a completely new program. Avoiding 
“Zoom fatigue” or over-filling the daily schedule forced 
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difficult choices in the rest of the schedule. Some planning 
tasks were more of a trade-off: rather than finding available 
meeting spaces and field sites, we had to choose the platform 
for the lessons and video conferencing software. While a 
number of things proved more difficult, there were certainly 
exceptions. For example, some of the administration time 
and cost was reduced because there was no need to reimburse 
travel or purchase food. Also, discussion sessions (in virtual 
breakout rooms) facilitated by recording on a live Google 
doc provided an easily accessible record that still exists 
today.

Other Lessons Learned. One important lesson learned in 
planning and implementing a virtual K-12 STEM workshop 
was deciding what to scale back by teasing apart material 
necessary for student learning from material that we were 
emotionally tied to (but that does not help the participant 
learn the material within the activity). For example, mock 
burials may be difficult for teachers to accomplish in loca-
tions that prohibit digging or lack access to appropriate out-
door space for excavation while developing a kit with hide 
beetles can be used in a classroom or sent home with stu-
dents allowing more classrooms to engage with a forensic 
activity. The forced transition to a virtual setting brought on 
by COVID-19 challenged us to better understand the hurdles 
our participants and their students encounter regardless of 
the instructional modality. 

Moving Forward. While the transition to a virtual platform 
was unexpected, the format presented an alternative that can 
expand access and reduce the resources needed for meaning-
ful teacher professional development in STEM. The STEM 
Institute facilitators also developed expertise in virtual 
teaching and learning. Moving forward, our aim is to lever-
age the affordance of the virtual, face-to-face, and field envi-
ronments to support teachers’ STEM efficacy and confidence 
and expand access to teachers and students in communities 
underserved in STEM. 

The hybrid teaching and learning model adopted for the 
2021 STEM Institute integrates both field experiences and 
virtual learning into the 5E model. We made choices based 
on which learning environment provides the most appropri-
ate tools for the activities taking place in each “E.” For ex-
ample, field experiences support students’ Exploration, pro-
viding environments for data collection, investigation, and 
observation. Virtual tools like Google Jamboard or Sage-
Modeler for concept modeling support students creating and 
sharing their understanding in the Explain section. 

While STEM Education integrates science, technology, 
engineering, and mathematics into practical and applicable 
educational experiences (Vasquez et al., 2013), inequities 
have been allowed to persist in both STEM education and 
the workforce in regard to minority groups (Funk and Parker, 

2018; National Science Board, 2016; National Academies of 
Sciences, Engineering, and Medicine, 2018). Changing de-
mographics in American schools have been widely reported 
(Batt, 2008; Bodur, 2012; Edwards, 2011; Flores and Smith, 
2008; Gay, 2010; Nasser and Overberg, 2012; Nutta et al., 
2012; Ukopokodu, 2011). Student populations are becoming 
increasingly racially, ethnically, culturally, and linguistically 
diverse. Teachers must be prepared to work within diverse 
learning environments. 

We cannot simply return to pre-pandemic professional 
development models for K-12 teachers in STEM, now 
that the pandemic assured that laptops and internet access 
were more equitably distributed. The updated hybrid model 
adopted for 2021 increases inclusion in that it supports 
individualized learning. Virtual modules allow students 
to move at their own pace and cognitive ability. When 
models replace text-heavy explanations and first-language 
support is offered, many of these virtual tools can also 
support emerging bilingual students who were historically 
overlooked and underrepresented in STEM education. We 
anticipate the sponsorship of the STEM Institute to continue 
into the foreseeable future as we blend the best elements 
of our face-to-face and virtual workshops of past years 
into workshops that provide more diverse, equitable, and 
inclusive learning strategies. At the time of this writing, the 
Schulze Foundation has committed their support until 2023 
with renewals available for future years. 
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