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the elementary students for whom the lesson was prepared: “I also felt I did learn a bit less since I wasn’t able to see 
the live reaction of the students, their engineering ideas, or conduct the lesson in person” (PST’s reflection from 
Foundations of Education, Spring 2020). PSTs seemed to instinctively understand the importance of interaction and 
feedback from elementary students for improving their teaching. In contrast to the PSTs who prepared asynchronous
lessons and were unable to receive feedback from the elementary students, the PSTs in the instructional technology 
course collaborated in real-time with elementary students and expressed an increase in their competence and self-
confidence in delivering engineering lessons and using effective pedagogical approaches. As a PST in the K-12 
Instructional Technologies explained in her reflection:

I felt most confident about the way I was able to convey information between myself and my fifth grade 
partner. I felt we really clicked and I was able to guide her in a way that let her do most of the work.
The teacher educators’ experiences with the two different delivery modes showed that PSTs desire 

feedback and interaction with elementary students. We encourage teacher educators to provide opportunities for 
PSTs to prepare and share lessons with elementary students. However, teaching in an online setting is a different 
experience compared to teaching in-person. Thus, as teacher educators, we need to prepare PSTs to teach in online, 
as well as face-to-face, environments. Such preparations can include adding a virtual microteaching session, inviting
a technology expert to class, or modeling effective synchronous lessons (Arsal, 2014).

Hands-on Experience on Physical Hardware of Teaching Engineering Online
When the university transitioned to remote instruction, the teams of PSTs and UESs in the Instructional 

Technology course were asked to complete their engineering lessons (i.e., building bio-inspired robots) at home. 
Thus, the physical hardware, including Hummingbird robotics kits, were purchased to ensure individual students’ 
access to all necessary resources to build their robot when the school closed due to COVID-19. As a result, all 5th 
graders in the afterschool club, as well as PSTs and UESs had their own physical hardware to build their own robot. 
Working with only the virtual support of their teammates, the process of individually creating their own robot 
necessitated perseverance through challenges and failures. For example, PSTs reported that they built their own 
robot before the lesson to better understand the problems that they might run into while teaching their 5th grade 
partners. This allowed them to create solutions before they arose: “By having my kit at home I was able to explore 
and test different functions of the kit. I used my robotics kit approximately 8 times outside of class time instruction, 
to build and test different functions for the project (PST’s reflection from Instructional Technology, Spring 2021)”. 
Having their own physical hardware helped the PSTs not only learn more about robotics, but also gain confidence 
teaching the content and skills virtually to elementary students.

I actually loved being able to work with my own robotics kit. I think having to share with someone or 
multiple people would’ve caused me to be a bit less hands on and not as thorough. Having the kits at our 
disposal at home during the training phase helped a lot and I don’t think I would’ve felt as comfortable if I 
didn’t spend extra time playing around with the materials. I spent a few days in between training sessions 
messing with the codes and materials to be able to feel confident that I understood everything. After we 
started Wow club, I used the kit mostly in the time frame we had with our student but at this point, I had 
already ensured I was comfortable using everything (PST’s reflection from Instructional Technology, 
Spring 2021).
Based on this evidence, the teacher educators realized the importance of providing PSTs with the 

opportunity to explore and manipulate their own physical hardware in preparation to teach hands-on engineering 
tasks. Thus, we encourage teacher educators who are specifically introducing PSTs to technology and engineering to
allocate time and resources for PSTs to explore physical hardware at their own pace.

Use of Digital Resources for Asynchronous Online Teaching
Since the transition from in-person to online was made quickly, the two teacher educators agreed to provide

digital resources that the teams of PSTs and engineering students could refer to when designing their asynchronous 
engineering lessons.

A sample seemed like the best way to help everyone [teams of PSTs and engineering students] be able to 
envision what this could look like and have this model to follow. And then, you have just a model, which is
great, but then there's still the question of ‘okay, we see your neat model, but we don't know how to do this.
We don't know how to put the GIF in. We don't know how to embed the video. We don't know how to get 
audio in there.’ So then, I could have like embedded it all together in one thing, but then it seems like that 
would have been confusing to have the sample and the directions all together in one slideshow. So I just 
thought, well, maybe it would be simpler to then come up with the directions later (Second Author, 
Interview, Spring 2021).
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Specifically, two slideshows were provided to the teams of students: a sample digital lesson and directions for using 
instructional technologies to create multimedia (Figure 2).

Figure 2.
Two Digital Resources Provided to Teams of Students

Note. The Sample Interactive Lesson slideshow (left) introduced Padlet as a tool for making the asynchronous lesson
interactive. The second slideshow (right) provided instructions for creating and inserting interactive and multimedia 
technologies into their lessons, for example this slide which showed the PSTs and UESs how to record and insert 
audio files.

In general, PSTs from all three courses found the sample virtual lesson and the technical instructions 
provided by the teacher educators beneficial as they helped them quickly reformat their lesson from an in-person 
synchronous format to an asynchronous online one. As one PST explained: 

I personally found the slideshow template and sample lesson to be the most beneficial resources. I think 
having the slideshow template helped us ensure we had the necessary information ready, without being 
concerned about constructing the slideshow from scratch and becoming caught up in the cosmetic part of it.
I think it really allowed us to start working on the important aspects, which was the Engineering 
information and design challenge. The sample lesson was also beneficial to help us navigate how to create 
our challenge and entire project. It was the first stepping stone to help us make our way to an effective 
presentation and Engineering challenge (PST’s reflection from Science Methods, Spring 2021).
However, PSTs had mixed feelings about the lesson template that was provided for their online lessons. 

Most of the students in Foundations of Education, which is an introductory course in thea teacher education 
program, perceived the template as useful for them. These PSTs mentioned that the template was useful because it 
helped them structure their lessons; “We used the slideshow template as the backbone for our final presentation and 
helped to give us a road map as to how the lesson should have gone” (PST’s reflection from Foundations of 
Education, Spring 2021). They also elaborated that it gave them a sense of the components that should be included 
to be a good virtual lesson; “I think once we moved to an online classroom seeing the slide show that showed how to
present the same work as a virtual lesson was very beneficial” (PST’s reflection from Foundations of Education, 
Spring 2020). Other PSTs, particularly those in Science Methods, a course taken later in the teacher preparation 
program but also some in the foundations course, stated that the template was not as beneficial to them because it 
limited their creativity and opportunity for problem-solving and autonomy. Also, some of them saw the template as 
a strict guideline that they had to follow. 

I feel like our lessons all ended up looking like almost identical copies of each other. Because the way that 
we went in originally was we had the template for the lesson plan, so it was more of like a templated lesson
that we did. So, you had to follow the template and just fit "what you wanted" in there. Like, so the 
materials that we chose, not a single material was included on the final materials list. So it's like how much 
impact did our group have on what the final project was? (PST’s focus group from Foundations of 
Education, Spring 2021)
Based on these PST reflections, the teacher educators learned that when providing supplemental resources 

to support online teaching, the structure and details of the template should complement the PSTs’ experience in their
teacher preparation program. Thus, we suggest teacher educators carefully choose resources that are leveled 
appropriately for PSTs based on their progression in their preparation program.
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Discussion
While the lessons shared in this paper resulted from two teacher educators' personal experiences and 

instructional decisions during remote teaching, we believe there are broader implications for teacher preparation. 
Considering the demand for K-12 online learning and the need for flexible modes of educational instruction (e.g, 
synchronous, asynchronous, or blended learning), PSTs need to be prepared for all forms of education. Many PSTs 
may not have experienced these modes themselves as K-12 students, and furthermore, just experiencing these modes
as students do not prepare PSTs to teach through these modalities. Instead, PSTs need explicit instruction in online 
pedagogy. In addition, PSTs are expected to integrate technology in their lessons because K-12 students will need to
be proficient with technology to actively participate in 21st-century culture. Considering such needs, teacher 
educators need to carefully expose PSTs to appropriate technologies that align with their pedagogical and 
disciplinary goals.
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