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Abstract: Secondary and post-secondary science and engineering educators share common class
arrangements with both a laboratory and lecture component, coordinating both components so
they build upon each other to create meaningful learning experiences. The COVID-19 pandemic
forced educators to convert lectures and exams to online delivery. Doing so came with trade-off
decisions about sacrificing laboratory experience goals of hands-on practice, problem-solving, and
learning concepts at a deeper, tactile level. Due to rapidly changing conditions, educators faced
course redesign to accommodate social distancing and virtual learning requirements. In this study, a
team of undergraduate college students including one secondary science preservice teacher planned
a set of lessons for STEM outreach to a K–12 audience. The team faced challenges in planning
meaningful learning experiences in the face of COVID-19 uncertainty. Options for secondary and
post-secondary educators to consider are provided in this article.

Keywords: COVID-19 instructional response; instructional planning; preservice teachers; STEM
integration; in-service teachers; undergraduate research; flexible teaching

1. Introduction

Science and engineering educators at both secondary and post-secondary level share a
common class setup as one having both a laboratory and lecture component [1]. Educators
must coordinate the components of a course (lecture, discussion, laboratory experience,
homework, projects, and exams) so that they build upon each other to create a holistic
experience that works for all students and fits the confines dictated by term length, school
breaks, and standardized testing [1,2]. The COVID-19 pandemic caused unprecedented
challenges in science and engineering instruction. Educators were forced to react quickly,
converting lectures and exams to a remote format, and perhaps cutting out lab components
altogether. This was necessary as physical facilities closed, but it often came at the price of
not meeting long-established laboratory experience goals of hands-on practice, problem-
solving, and learning content at a deeper, more tactile level [3].

By the summer of 2020, many educators found themselves in a perplexing situa-
tion: there was time to plan for the fall term, but the social-distancing conditions of that
term were still widely unknown. How, then does an educator open this lock, to plan
for adaptations and redesign contingent on developing local conditions and likely to
change at any time with little warning? The key is that educators must prioritize deliv-
ery methods according to purposefully chosen learning objectives in line with preferred
instructional strategies.

The authors of this study wished to explore and describe the process of planning
instruction under the unusual circumstances of the global COVID-19 pandemic. How
does a (preservice or in-service) K–12 science and/or engineering educator prepare lessons
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for a broad spectrum of delivery modes? Did educators explore the trade-offs of each
given the lesson goal? Although researchers have reported on teaching and learning
experiences [4] and institutional responses at the onset of the pandemic [5], there is a
lack of understanding about how teachers began to plan for instruction as the pandemic
continued. The authors seek understanding of how teacher educators would approach the
instructional planning process. This study tracked one team, consisting of undergraduate
college students including one preservice science teacher, who participated in a grant-
funded project Learning to Integrate Fundamentals through Teaching (LIFT). The purpose
of this study was to describe how the team responded to the challenge of planning for a
series of outreach-style minilessons to deliver to a K–12 student audience.

1.1. Traditional Instructional Planning Process

The process of planning for instruction historically has been careful, thoughtful proac-
tive decisions and actions meant to effect permanent, meaningful changes in student
outcomes. A typical, pre-pandemic instructional planning process often began with a set of
learning goals, and one task was to determine how to meet learning goals using appropriate
technology and delivery methods [6]. A typical integration of instructional technology may
have been to adapt and add online or digital components to a traditional face-to-face course,
thereby changing delivery to include technology [7]. Selection of course components to
adapt was made according to the delivery mode and technology that may best accomplish
learning objectives targeted toward meeting learner needs [8]. Course planners had options
of mixed/hybrid delivery that includes components of in-person and virtual activities
implemented together, enhanced in-person courses with some online components, or asyn-
chronous online courses, which included activities meant to establish a learning community,
such as threaded discussion boards [9]. Planning may have included conducting what
instructional designers term a needs analysis, in which information about prior knowledge,
motivation, interest, and engagement of students is collected and analyzed, formally or
informally [7,8,10]. Prior to the pandemic, asynchronous, fully online course delivery
modes typically were designed under the assumption students would not be able to meet
synchronously or in-person. Other delivery modes accommodated students and educators
meeting in-person informally or formally, student-initiated study groups, student-teacher
conferences and feedback sessions, and presentations delivered synchronously.

The educator’s task was (and still is) to plan the instruction, focusing on pedagogical
content knowledge, instructional strategies, and assessment. The instructional planning
process encompasses:

• Decision of course delivery mode (e.g., online, in-person)
• Decision of instructional technology integration (pedagogical technology such as

Zoom, learning management system, etc.)
• Decision of content (e.g., applying pedagogical content knowledge, incorporating

content and learning activities, assessment of learning, etc.).

During the planning process, educators may focus on constructivist learning through
authentic learning activities, cooperative and collaborative learning, learner–learner in-
teraction in pairs or groups, and synchronous or asynchronous class meetings [11]. This
attention to learning spaces considers the learning goals and the needs of students to
interact and learn socially. The process is iterative under the assumption that changes
to future course offerings may be made according to student learning outcomes, course
evaluations, and/or educator reflective practice rather than a reaction to outside events.

The process of integrating technology is thoughtful, reflective, and time consuming.
One researcher estimates up to nine months to fully redesign a course, including quality
control checks [12]. To provide an example to illustrate the rationale for the lengthy
planning time, some researchers [9] suggest six aspects of synchronous technology to
consider before choosing to integrate technology such as web conferencing, including
facial expressions, voice nuances, visual and verbal feedback, collaboration, support from
the instructor and class, and socialization. A clear option is to blend or incorporate
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other technologies to incorporate all the desired aspects of an in-person class and fulfill
student learning needs in an efficient, cost-effective manner [9]. Many secondary and
post-secondary educators welcome the feedback and support from course designers in
navigating this decision process.

Unfortunately, the unexpected and severe onset of the pandemic disrupted the typi-
cally thoughtful and sometimes lengthy planning process and added complexity. Entire
institutions and every course needed to quickly transition to remote, online learning, re-
gardless of the educator’s prior experience and comfort level teaching with technology. In
many cases, the educator faced a steep learning curve with technology and course delivery
options. As a result of the sudden and significant changes to all courses during the onset of
the pandemic, many educators were left without feedback and support as they adapted
courses in response to an outside, unprecedented world event. Moreover, the typically
lengthy course redesign process was abbreviated. The standard instructional planning pro-
cess may have been of limited use during the COVID-19 pandemic because of a variety of
reasons including (a) the short time frame—all courses needed to be redesigned practically
overnight; (b) the uncertainty of whether the redesign was temporary and how temporary
(i.e., rapidly changing conditions); (c) all courses had to be delivered virtually and remotely
without any accommodation for in-person activities due to social distancing; and/or (d) all
courses regardless of program requirements needed to have the same delivery format,
often using the learning management system and/or web conferencing software that the
institution recommended or mandated.

A common course delivery mode adopted during the COVID-19 pandemic included
synchronous online use web conferencing technology (e.g., Zoom). A synchronous online
course may benefit from interactivity and participation from all students [13]. Researchers
recommend providing opportunities to communicate with others and build a learning
community [14,15]. In addition, researchers have shown prerecorded delivery content such
as podcasts to be effective in delivering resources in the field and in the laboratory [16,17].
However, educators may need to scaffold the process of building an online learning
community, model good participation, manage online discussions to set limits, yet generate
and maintain interest, and promote a welcoming, inclusive atmosphere [13]. These aspects
of online learning spaces may be unfamiliar to educators and must be internalized and
practiced by them in addition to teaching course content.

1.2. Informal Instruction and Planning

Because the LIFT project incorporated both traditional teaching aspects (such as lesson
planning) and informal aspects (such as connected lessons separated over large time spans),
a brief review of informal practices is in order. There are multiple studies that showcase
aspects of informal instruction such as the use of virtual spaces [18], teacher leaders [19],
creativity [20], impacts on pre-collegiate teachers [21], novice teachers [22], university
collaborative approaches [23], and many others. One particularly interesting study [24],
which predates the pandemic, called for clarity surrounding formal and informal learning.
The authors stated (p. 130), “We argue that in order to fuse informal and formal learning,
mLearning designers need to offer more clear definitions of the concepts ‘formal’ and
‘informal’; they need to omit some design aspects to the learners themselves, or to offer
a design in form of a learning path that students themselves can customize according to
their learning habits, routines, and preferences.”

Although the article by [24] focuses on mobile learning, the lessons are applicable
to a variety of delivery modes. [24] speak to the study that is described here in that they
call on three distinctive characteristics of mobile learning (authenticity, collaboration, and
personalization) along with sub-categories of situatedness, contextualization, conversation,
data sharing, customization, and agency. These aspects were considered in the LIFT project,
although some of them were implicitly considered. As [24] pointed out, aspects relating to
informal learning are positive. They offered several implications for sustainable mobile
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learning including clear definitions and explanations of concepts, learner control of relevant
design aspects, and learner customization of a path of habits, routines, and preferences.

The authors of this study in the LIFT project realized although informal spaces are
perceived as positive there are still multiple aspects of informal spaces that necessitate
more formal and traditional planning and implementing. The authors did expect and
communicate to the LIFT team that they define what they wanted to teach (including what,
why, and how), control the options for pre-collegiate students to learn, and create routines
for the team that could be replicated with the pre-collegiate students.

1.3. Setting and Context of Study

The LIFT grant-funded project formed undergraduate interdisciplinary teams from
science, technology, engineering, and mathematics (STEM) as well as education. The
team selected a topic of interest to research, design, and build a data collection device
(payload) that integrated all disciplines of STEM (also called integrated STEM) to gather
data answering a scientific question or solving an engineering problem related to the
topic of interest. The main element of LIFT is that the question or problem is answered
by collecting data on sensors attached to a high-altitude balloon. Undergraduates attach
the payload to a high-altitude balloon, analyze the results, and communicate findings.
Although balloon projects have been used for scientific research and projects have included
secondary and postsecondary students for years [25–28], the pre-determined projects
often collect data related to temperature and other atmospheric characteristics [29,30].
The LIFT project differs with undergraduate participants choosing ill-defined questions
and problems with is consistent with authentic science practices [31]. The undergraduates
that form these interdisciplinary teams design and teach lessons and activities as STEM
outreach to K–12 students.

In this project, a team of three undergraduates (physics, education, and computer
engineering majors) worked with secondary students in eighth grade (typically 13–14 years
old) to design an experiment in radio occultation that gathered data on sensors attached to a
high-altitude balloon. During the spring semester of 2020, the team designed and planned a
set of lessons and activities, aligned with state science standards, which encouraged eighth
grade students to join the team in hands-on, scientific inquiry. The following semester, the
team planned to implement the lessons and activities with eighth grade students, include
them by launching the high-altitude balloon from the school grounds, and analyze and
interpret the results that they and the eighth grade students retrieved. However, as summer
2020 progressed, the team faced uncertainty about fall 2020 visits to the classroom.

In this study, the focus was on one minilesson delivered in an outreach format to
an eighth grade (at a public middle school with students aged 10 to 14 years) science
class, and how three undergraduates developed that lesson with the added challenge of
planning how to implement that lesson under a variety of scenarios determined by the
COVID-19 pandemic constraints. While there is literature surrounding how to effectively
develop online course structures, they often presume sufficient time for creation [32], and
rarely focus on preservice and student teachers [33]. This research study fills a gap in
the literature about rapid planning and course changes to online formats, rather than
instructional planning with time for careful attention to organization of materials, by
novice teachers. The authors of this study pursued the following research question:

Research Question: How does an interdisciplinary undergraduate grant team, in-
cluding a late-term preservice K–12 teacher, prepare science outreach lessons for a broad
spectrum of potential delivery modes?

2. Materials and Methods

This study was a qualitative case study that took place at a research university in
the United States (U.S.). The purpose of this study was to describe both the process
(planning) and product (implementation) of the minilesson for STEM outreach to eighth
grade students at a public middle school in the U.S. The authors of this study functioned
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as researchers in a detached participant role. The theoretical perspective was interpretivist
and focused on description [34]. The nature of the case study was instrumental by studying
undergraduates to interpret how educators reacted to the planning challenges caused by
the pandemic [35]. The case was bounded by one university in the U.S., with a team of
three undergraduate students including one preservice secondary science teacher planning
and implementing a minilesson to a group of K–12 students.

The participants in this study were a team of three undergraduate college students: a
physics major (female), a computer engineering major (male), and a preservice secondary
physics teacher education major (male). The project also aimed to foster integrated STEM
learning by interdisciplinary work to prepare these undergraduates for their future ca-
reer [36,37]. The undergraduate college student participants consented to participate in
this study, which was approved by IRB. The eighth grade students they worked with, as
well as the partner teacher and school setting, were not included in the study. The team
developed and taught outreach lessons to students using hands-on, authentic scientific
inquiry, through a radio occultation experiment with lessons aligned to national physical
science standards [31,38]. The created lessons provided background knowledge about
meteorology, GPS technology, and weather prediction by radio occultation, a method by
which satellite signal diffraction is analyzed to give information about the atmosphere
through which it passes. The team followed the balloon launch experiment by discussing
results with students.

The team translated the radio occultation project into lessons and activities appro-
priate for eighth grade students to engage in STEM data collection, witness the launch,
help analyze the results, and participate in sense-making. They aligned the topic with
physics concepts in physical science national and state standards [38]. The partner eighth
grade in-service teacher at the middle school scheduled three class periods of instruction
for the undergraduate team to conduct the outreach activity. The team planned the first
time-period to provide background knowledge about meteorology. The lessons fostered an
understanding of GPS technology. The second time-period lesson established foundational
knowledge for the subject of the experiment: weather prediction through radio occultation.
This is the method by which a satellite signal’s refraction is analyzed to give information
about the atmosphere through which it passes, thereby supplying data for weather fore-
casting. The launch of the balloon itself was an additional activity not counted as a class
time-period. After the balloon launch, the team planned the third and final time-period to
share results and discuss with K–12 students how to analyze and make sense of the results
as well as what improvements and next steps in research might be.

Data includes field notes and observations of the process of planning, reflections of
the participants about the planning process, and observations of the implementation of
the lessons. Lesson plans and outlines of scenarios are the products of this study along
with participant reflections as noted in final interviews. Table 1 shows the original outreach
teaching plan according to topic and class periods.

Once satisfied with the plans, the team considered how the outreach activities would
fit into school reopening scenarios. Many public schools did not solidify school reopening
plans until August 2020. Therefore, the design process was somewhat speculative, outlining
many paths given a continuum of possible classroom scenarios. Table 2 showcases how the
team adapted lessons for several social distancing scenarios.

The first scenario presented a normal class time-period with the entire class present
and teaching in-person. The team faced a unique second scenario due to school policies
regarding visitors; they prepared for this scenario by sending lesson and activity plans
to the partner teacher to facilitate while they participated virtually. The third scenario of
in-person meeting called for half the class to attend school on alternating days for reduced
capacity. Remote synchronous is set up like in-person but takes place at home; everyone
logs onto a program such as Zoom at the same time to hold a verbal discussion. A remote
asynchronous scenario is one in which all lessons and instructions are prerecorded so
students view lessons and contribute to a written discussion thread with a time lag.
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Table 1. Central Topic and Arrangement into Modules.

Learning Activity Topic 1: Weather Topic 2: GPS/Occultation Topic 3: Launch and
Follow Up

Content Delivery: guiding
question, topics

-weather prediction
-weather balloons

-How can you describe a point
in space?

-distance from 3 other points
-sound occultation demo

-Why are high-altitude
balloons useful?

Experiments

-hot/cold water currents
-forming a cloud in a bottle

demo/activity
-fill a balloon by heating

demo/activity

-Triangulation using 3 strings
represents GPS, end of string
represents satellite, length of

string represents time.
-phasing out a sound wave

(physics toolbox app)
-light wave through
different mediums

-launch of high-altitude
balloon to measure

GPS occultation

Discussion/sense making

-3 factors in weather
prediction: temperature;

pressure; humidity.
-Other items: data resolution;
high altitude measurements;

lots of measurements

-radio occultation as a
forecasting tool

-air density cause phase shift
-temperature, humidity, pressure

can be derived

-data analysis
-limits of occultation

-benefits of occultation
-future experiments or

other applications

Table 2. Social Distancing—Possible Adaptations.

Social Distance
Conditions Content Delivery Experiments (Labs) Experiments: Launch

Itself
Discussion/Sense

Making

3 days in classroom,
everyone present

In-person delivery-mix
of lecture, review, data

analysis, and
prerecorded, narrated

videos

In-person delivery with
students in small
groups; demo to

whole class

Launch: In-person
delivery with students
standing at a distance

from balloon as it inflates
(typical procedure)

In-person discussion
and analysis with

whole class or
small groups

All students in
classroom, remote

LIFT team

Teacher plans for
lecture, analysis,

prerecorded videos

Teacher plans for
facilitation of students

in small groups;
prerecorded demo

Launch: In-person with
limited balloon launch

witnesses; smaller group
stands further back

Students in-person,
facilitators participate

via Google Meet,
teacher displays

Google Meet session
and participates

1
2 capacity classroom,

1
2 remote,

alternating days
Prerecorded videos

Repeat in-person small
group experiments

with both student sets

Augmented reality
launch; one group

witnesses in-person; the
other group watches

launch video

Repeat in-person small
group discussions and

data analysis twice

Remote, synchronous
via Google Meet

Google Meet
conversations,

prerecorded videos

At-home experiment
with Zoom instructions

and office hours

Augmented
reality/remote launch via

live stream: students
follow along remotely

Google Meet discussion

Remote,
asynchronous Prerecorded videos

At-home experiment
with prerecorded

podcast instructions

Remote launch (not
necessarily at school site);

students follow along
live or watch later

Prerecorded video;
asynchronous

discussion forum

Data analysis consisted of triangulation of products, process planning, and obser-
vations of multiple meetings and planning sessions. Data to be analyzed included the
participant-generated scenario chart, field note observations of meetings throughout the
project, field note observations during the implementation of the lessons, and final in-
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terviews with participants after the completion of the project. The authors discussed
interpretations of meetings and lesson implementation, ultimately reaching a consensus.

3. Results

The task of planning for different reopening scenarios compelled the team to prioritize
some instructional components and eliminate others. They prioritized moving content
instruction (lectures) to remote delivery online. As undergraduate students who have
taken online classes, including after the university pivoted to completely remote in Spring
2020 in response to the COVID-19 pandemic, they have used tools to convey information
online, such as videos which combined lecture footage with digital graphics. The transition
may even be considered an improvement; the team found they could edit and perfect
content before posting and students could repeat and pause as often as desired. They made
plans to integrate instructional technology such as podcasts, which researchers have shown
effective in delivering resources in the field and in the laboratory [16,17], but ultimately
settled on prerecorded videos that students could watch by following links. They did not
expect these formats to pose a challenge to eighth grade students whose curriculum were
also affected by the pandemic and therefore have similar previous experience.

Based on the preservice teacher’s education and experience, the team decided that
a crucial use of instructional time was sense-making through discussion-based learn-
ing [15,18]. They felt it was important to include interactive discussion and sense-making
conversations in every delivery scenario as researchers recommend providing opportuni-
ties to communicate with others and build a learning community [14,15]. In planning for
asynchronous instruction, they chose online discussion boards to monitor learning.

Experiments (labs) presented a complicated problem to solve. Given the middle-school
audience and the learning goals, the team decided that with minor adjustment, experiments
could be completed from home if adequate instruction were given. They recognized
the challenge, teaching remotely, of how to effectively guide experiments middle school
students complete at home. The experiments must be safe, relatively inexpensive, and
reasonably clean. Instructions need to be clear, especially if delivered asynchronously. This
brings a disadvantage, however, in that students cannot ask questions and get immediate
feedback. Some students may be quite disadvantaged with an at-home lab scenario in
terms of equity and access issues, and although the issue remains deeply concerning, it
goes beyond the scope of this paper. The team thus planned for all school delivery options.

The team considered additional lab options appropriate for social distancing require-
ments. The actual balloon launch to collect data showcases how an actual experiment (lab)
could be altered to fit the continuum from in-person to remote. In the past, launches had
taken place in an open area near the school. Students walked out to witness undergradu-
ates fill the balloon with helium, attach the payload, and release the balloon. Sometimes
students board a bus and accompany the university group to retrieve the payload after the
balloon bursts and returns to the ground. Adaptations for social distancing regarding the
launch began with an in-person scenario. The balloon, as it inflates, poses a slight safety
risk of hitting someone if it wobbles in the wind. Therefore, even in normal times students
are asked not to approach the balloon too closely. Stricter social distancing requirements
called for augmented reality and remote access. Fortunately, two augmented reality appli-
cations accompany the balloon payload: a satellite communication device (SatCom) and a
set of HD cameras. The SatCom transmits real-time GPS information (latitude, longitude,
and altitude) and atmospheric data (temperature, air pressure, humidity, and wind speed)
directly to the internet. Using a unique webpage with a real-time mapping interface,
interested onlookers could follow the balloon flight virtually [39]. This provided a way
to accommodate fewer students witnessing the launch and the possibility that students
would not be able to accompany the team to retrieve the payload. Students, from home or
from school, were able to view the balloon’s path on a map, monitor real-time atmospheric
conditions, see where the balloon burst, and locate where the payload landed. Later, after
the team retrieved the payload and process the onboard HD video footage, students could
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watch a replay of the balloon’s actual journey into the stratosphere [40]. These augmented
reality applications afforded the actual balloon launch to still be possible even under the
most restricted scenario, in which the team would need to launch the balloon at the univer-
sity and middle school students must follow along remotely from home. Other examples
of online science access can be found in remote telescope observations [41], PhET [42], and
others [43].

There are some additional affordances, unique to the LIFT project in this study, that
offer students a chance to move into virtual reality. Part of the payload may move data
into Google Earth by sending along a Septentrio GPS receiver. It includes data to create a
KML file that can be imported to Google Earth. This allows students to see a 3D model on
Google Earth of where the balloon went, including allowing side viewing. The Septentrio
records highly accurate location and altitude data every second, so it theoretically should
transpose a little line of the balloon journey over a model of Earth.

3.1. Actual Teaching Scenario

The school where the eighth grade class participated resumed school in fall 2020 under
a socially distant scenario. Half of the student body attended two days a week, while
the other half attended on the other two days, with Fridays reserved for offering extra
assistance. The principal of the participating school initially did not allow visitors into the
school during fall 2020. The team therefore chose to offer the lessons in a synchronous
remote delivery mode. The partner teacher cooperated with the undergraduate team by
communicating via email about the lesson plan, helping to set up the demonstrations,
supplying materials and logistics of the learning activities, and training the team on the use
of Google Meet, the synchronous delivery platform the school used. Table 3 displays the
actual social distancing restrictions the team taught under. Note that the actual scenario
closely but not exactly fits one of the possible adaptations described in Table 2.

Table 3. Actual classroom conditions for lessons.

Social Distance
Conditions Content Delivery Experiments (Labs) Experiments: Launch

Itself
Discussion/Sense

Making

1
2 capacity classroom,
1
2 remote, alternating

days, remote
[blinded] team

Partner teacher plans
for lecture; delivers
prerecorded videos
from team; repeated

lesson twice

Partner teacher plans
for facilitation of
students; delivers

prerecorded demo from
team; repeated

lesson twice

Launch: Everyone
in-person with social
distancing guidelines
(held on Friday when

all students
attend school)

Students in-person,
partner teacher delivers
prerecorded video from

team; repeated
lesson twice

[blinded] team: Remote,
synchronous online

Synchronous online
discussion, prerecorded

videos

Synchronous online
discussion Prerecorded video

As planned, the team met remotely with students synchronously online (Google
Meet) twice a week to deliver the minilesson to all students (half the students in each
alternating day). The lessons proceeded by the undergraduate team logging into Google
Meet synchronously but sometimes separately due to quarantine, isolation, etc., at the
appointed class period time. The team introduced themselves and turned on their camera
and audio. The eighth grade students in the classroom appeared to watch on a large
projection screen and be able to hear. When students had a question, they approached the
partner teacher’s laptop to ensure the undergraduate team could hear them through the
laptop microphone. The undergraduate team also prepared videos in which each team
member explained scientific or engineering concepts, which were played by the partner
teacher using a link. These prerecorded videos appeared to ease the technological challenge
of varying bandwidth and static of transmission, and students appeared able to see and
hear. The partner teacher conducted demonstrations in the eighth grade classroom. In
the case of the GPS/string activity, students participated and moved around the room
while the undergraduate team viewed the activity from the laptop vantage point, which
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did not always show the full picture. When the undergraduate team was able to gather,
they scheduled time in an unused classroom at the university and turned on the instructor
station webcam and microphone. Members of the team used the university classroom
whiteboard to explain concepts and focused the cameras on their payload to allow the
eighth grade students to observe.

An unexpected development happened with the school principal for the high-altitude
balloon launch. The principal allowed the launch to take place on school grounds in a
large open field and allowed students to walk out and view the launch, provided social
distancing measures were in place. The launch was scheduled for a Friday, a day in which
all the students were attending, eliminating the need to launch the balloon live for one
half while the other half watched from home. The undergraduate team asked a few eighth
grade students to assist with holding the payload and other tasks. The team, especially the
secondary science preservice teacher, talked with the eighth grade students and establish a
learning relationship, which heretofore had been only through video, by re-introducing
himself and asking students questions designed to trigger previous learning and make
connections between the minilessons and the actual launch.

3.2. Reflections on Actual Teaching Scenario

Table 4 displays quoted reflections from each member of the undergraduate team
regarding how they thought the actual teaching scenario compared with their original
plans. Every team member mentioned the unexpected, uncertain nature of the COVID-19
pandemic affecting their uncertainty about delivering the lessons and even launching
the balloon. Every team member expressed satisfaction with how the lesson and launch
ultimately turned out. All names are pseudonyms.

Table 4. Reflections by Undergraduate Team on Actual Teaching Scenario.

Undergraduate Team Member Met Original Goal? Challenges? Successes?

Gail (physics major, female)

Even despite the pandemic . . . I
don’t think it shifted our goal too

much from what we originally
had planned.

I had wanted to, you know, go in and
actually interact with the kids and

get them interested in science, but we
weren’t exactly able to.

. . . but I think despite all that, it
still went over well. The project

did, and the impact on the
students too, from what I can tell.

Glen (computer engineering
major, male)

[Teaching remotely] did make it a
lot harder. [In-person] they could

[have gone] up and look at
[payload] and actually see where
the parts were, what they looked
like, what they did, and we could
have, like, talked to them while

they were looking at it. And kind
of have them look around the box.
Because it’s not really fragile, so
they can kind of turn it over and

stuff . . . I feel like [remote
lessons] did make it a little bit

harder for the students.

I think the prerecorded video was a
lot easier for us. But the bonus of the

in-person is that we kind of had to
prepare for it, and then we were also
able to see like the reactions and get
questions and help the students a lot

more. So, and like in the recorded
videos, you can’t really do that. You
kind of just say stuff and then if you

think it will help the students but
really it doesn’t, you don’t know. We
did have a big lack of questions with
the remote [lesson delivery], which I
guess is another con of going online
and doing it remotely, is you can’t
really force students necessarily to

ask questions, so there’s that.

When we had to simplify some of
the radio occultation, what it was,
like when you simplify it, it kind

of makes it easier for you to
understand while you’re teaching
it . . . So like when you’re trying
to teach it, you can kind of put
together how to make it simple,

and then it kind of teaches you the
overall concept of it better, I think.

Gabe (secondary science
education major, male)

I feel like uh, for the first lesson, I
think that was probably our

weaker of the two lessons. I think
we were relying a bit too much on
the premade videos. I mean, we
had to try it out, right? I mean, I
don’t regret trying it out. But I
think in the end that wasn’t as

effective as the
synchronous communication.

Well, uh, we didn’t really know what
was going on. Um, for most of [the
synchronous lesson]. And I feel like
because of that, the timing was pretty

messed up in some places. Some
classes we had like 10 min and I just
kind of filled in the time, and some

we had, like a minute at the end to try
to squeeze all the information into.

Teaching experience is always
good. It was a novel experience
too; I had never before taught

very much over remote methods.
And I had never really spent quite

as much time planning out
demonstrations. That was the fun

part of it.
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During interviews and other data collection, each undergraduate participant com-
mented on a different facet of the experience. Gail, the physics major, emphasized how
the team persisted with their original learning goal and met success despite setbacks of
remote delivery. Glen, the engineering major, examined the trade-offs and analyzed how
the hybrid in-person/remote delivery method resulted in learning deficiencies as well
as advantages. Gabe, the education major, appreciated the opportunity to try a delivery
method that he perceived as new, but lamented the constraints of planning for a single
outreach educational experience without opportunity to engage in reflective practice to
optimize the lesson. The impacts of the pandemic appeared to recede and be supplanted
by the nature of single-encounter outreach lessons preventing careful planning, which in-
cludes both iteration and optimization. For future teams or groups, the authors recommend
lesson planning with a focus on possible iterations and optimizations.

4. Discussion and Conclusions

Overall, the take-away message from this study is that instructional planning should
be intentionally deliberate and takes time for option processing. The pandemic forced plan-
ning to become reactive, quick, and subject to change, and this shift removed intentional
planning time from many early scenarios. What the LIFT team did was take a slow-down
proactive approach to plan for multiple scenarios in the upcoming lessons, and that al-
lowed the team a bit more flexibility in the teaching moment. After the lessons, the LIFT
team also indicated that they wanted to improve the lesson, either by delivery method or
teaching strategy that they thought might have been more effective than what was utilized
when teaching. A proactive approach of planning scenarios and then reflecting on teaching
effectiveness does not solve the problem of creating all possible teaching options, but it
might lessen stress during the moments of teaching. Sharing these optional lesson aspects
could be crucial if another pandemic or unexpected event causes another abrupt shift in
teaching planning time.

If one contrasts the pandemic response redesign with a traditional course design
process, the main difference is that in traditional course design, the course is designed or
redesigned for online delivery and activities are designed in advance of the start of the
course. In a rapid reformatting scenario, the opposite happens. Activities are not planned
until the instructor determines what delivery mode the course needs to transform into, and
the delivery mode may change during the course or in the moment, perhaps just before,
during, or nearing the end of the activity. Historically, course design has not veered off
unexpectedly into a different delivery mode, nor is an online/remote course traditionally
defined as a course that switches back and forth depending on health concerns, nor one in
which students move in and out of remote and in-person attendance due to quarantine,
isolation, etc. The mass uncertainty and unprecedented nature of the pandemic is to blame
for an uneven and tentative course design response by institutions of learning. Specifically,
with prompting, the LIFT undergraduate team planned for the unexpected remarkably
well considering their lack of teaching experience. They kept the original goal in mind as
circumstances continued to change. This model can be replicated, and the authors argue
should be replicated, and thus was the impetus for this article.

The first author of this study draws from personal experience of planning and teaching
a college-level course during fall 2020. She found herself planning for activities to take place
in person, but a few weeks later, the institution pivoted to an online start with a transition
to in-person learning after eight weeks. In response to rising numbers of COVID-19 cases,
instruction was paused for a week in which no one was allowed on campus. The semester
ended with a return to online delivery a week earlier than expected. Despite her prior
experience with both teaching and instructional design, she felt frustrated and ultimately
canceled some learning activities, because in the moment there was not time to change
delivery modes so rapidly. In retrospect, she feels that there was a benefit from planning
the next course according to possible delivery scenarios, like the LIFT participants in this
study did, and it reduced her stress.
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A positive aspect of the COVID-19 pandemic is attention to renewed intentionality
in planning and how instructional time should be used. If course designers are unable to
assist in a lengthy redesign process, educators then must also concentrate on the structure
and planning of the course beyond content and student engagement with the content.
Multiple repetitions of redesign options transform into further iterations as educators react
to what did not work well the previous semester, and this provides more options to choose
from as courses come and go. Publications such as [9] may provide concise guidelines,
but repositories of the same lessons taught in multiple formats would be beneficial for
educational instructors. For example, if course delivery must change to synchronous
online (e.g., Zoom) sessions, educators may have to consider how to model interaction by
requiring students to ask questions, turn on cameras and make eye contact, and so forth as
discussed by [9], but they might also need to change the lesson aspects to meet learning
needs that are not addressed by the aforementioned considerations (such as changing from
three to two main content objectives).

Additionally, educators may need to model desired behavior when teaching format
changes. As the format changes, strategies for content delivery and student engagement
might also take a new form. In this type of environment, planning can no longer solely
focus on learning activities, but also encompass the structure of the learning environment in
an online setting. Traditional in-person classroom course design focuses on the pedagogy,
content knowledge, instructional strategies, and other well researched areas. Switching
learning environments creates the need to focus on the infrastructure as well, which is an
added burden to educators that in the past have not needed to be adept in this area as well.
Taking a preemptive approach to plan alternative instructional delivery combinations for
lesson aspects can offer continued flexibility in future course redesign efforts and making
in-the-moment, necessary, teaching changes.

The lessons learned from this LIFT research study, center around creating a space
for learning—online and in-person, or both, rather than centering around traditional
pedagogical content knowledge in traditional or online spaces. The authors’ research
question asked, “How does an interdisciplinary undergraduate grant team, including a
late-term preservice K–12 teacher, prepare science outreach lessons for a broad spectrum of
potential delivery modes?” In the spirit of lessons learned, the authors offer the following
potential options (or recommendations) for secondary and post-secondary STEM educators
planning courses subject to changing formats and social distancing constraints:

(a) Move lecture and content instruction online or into a hybrid scenario using pre-
recorded videos and podcasts. These can be viewed before, during, or after class
depending on the needs of the activity and can be prepared in advance of the course.

(b) Use synchronous class discussions to webinar (e.g., Zoom) or asynchronous discus-
sion format and encourage/require students to ask questions and respond to each
other. This promotes interaction and provides a space for community building.

(c) Offer step-by-step instructions for student at-home experiments and activities as soon
as possible. Providing resources, such as instructions as soon as they are created
is a mechanism to allow maximum student engagement and response time. Since
students working at home are often following a non-traditional school schedule, and
in a non-traditional school space, providing extra time to engage with materials is of
the utmost importance.

(d) Provide access remote STEM learning opportunities (such as remote telescope obser-
vations, PhETs, and more) to allow students the time and space to interact with STEM
experiences from the place where they are trying to learn.

(e) Apply [24] considerations for authenticity, collaboration, and personalization along with
situatedness, contextualization, conversation, data sharing, customization, and agency.

Although the authors offer suggestions, there is no one answer or one uniform way
that every educator and every student respond to shifting teaching modalities. Each person
has a different set of constraints and all of those must be taken into consideration; thus,
instructional adaptations should be previously prepared and fluid for flexible teaching.
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