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Abstract—This research work-in-progress paper investigates
faculty perspectives on the switch to online experimentation
modalities in the context of our Fundamentals of Circuit Analysis
course that includes online laboratory modules. While online
(remote and virtual) laboratories have long been considered
promising supplemental educational tools, the risks and challenges
associated with delivering online labs have limited the willingness
of faculty to adopt these methods. However, the development of
knowledge, methodologies, and success factors for effective online
laboratory instruction is a critical and timely need. With this
work, we develop an evidence-based understanding of the
transition from hands-on to online experimentation and its
associated challenges for faculty. We furthermore generate
fundamental knowledge about online experimentation adoption in
engineering programs, which includes the full spectrum of faculty
participants (early, later, and “never” adopters). Preliminary
results show that the most important aspects for faculty in the
context with switching to online labs are scheduling flexibility and
individualized support, learning outcome differences, a connection
between lecture and the lab, and student engagement.
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I. INTRODUCTION

The COVID-19 global health crisis has forced educators to
rapidly shift to online instruction methods. While this effort is
difficult for faculty in general, it is particularly challenging for
lecturers who deliver hands-on laboratory instruction. In
practice, the mandated transition to online instruction meant for
faculty who were initially unconvinced of online
experimentation’s value that they needed to switch nonetheless.
This setting can provoke both strong faculty resistance and
surprising adoption, thereby making factors of adoption visible
and empirically accessible that cannot be investigated under
“normal” circumstances. Past studies of online experimentation
have been limited in scope, without addressing the complete
ecosystem of online experimentation and oftentimes not looking
at the faculty as a highly important user group [1-7].

Our work transcended the immediate needs of the crisis by
developing an online version of our combined lecture/lab
“Fundamentals of Circuit Analysis” course as a context for our
research activities. This new course includes a full set of online
laboratory modules for exclusively online experimentation and
instruction of electrical circuit building. We leveraged the
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development and deployment of these online labs and integrated
online instruction modules to investigate the following research
question:

e How do faculty experience a top-down mandated, time-
constrained, and rapid transition to exclusively online-
based laboratory modules?

We are particularly interested in aspects of faculty resistance
or wholesale embrace of online experimentation technologies.
As a theoretical model to guide our understanding of technology
adoption, we apply the diffusion of innovation [8] and the
framework of propagation [9], a concept that identifies
effectiveness and fit as critical factors in the successful adoption
of innovations. To investigate both fit and efficacy, we base our
research tools on the Diffusion of Innovation Framework, which
further articulates five factors influencing the adoption or
rejection of technology: relative advantage, compatibility,
complexity, trialability, and observability. To investigate this
context, we apply a parallel, mixed-methods approach using
online surveys as well as faculty reflection prompts and faculty
interviews. Results from the latter will be the main focus of the
work presented here. Ultimately, this work is intended to lead to
research findings informing our understanding of what faculty
needs to successfully adopt and apply online experimentation
equipment. These insights will, in the end, lead to a framework
for educational technology propagation, specific to online
engineering labs and reflecting factors for both efficacy and fit.

II.  PRIOR WORK

A. Research on virtual online laboratories

Recent innovations in online education and the need for
laboratory exercises as part of competence development in
STEM education have led to the development of remote
(physically real existing equipment used over distance),
augmented reality (real existing labs with VR add-ons), and
virtual labs (a software-based fully virtual laboratory, often
based on simulation), which are subsumed under the term
“online laboratories” [10-15]. The COVID-19 situation during
the last two years and the swift need to bring instructional
settings online, including laboratory classes, accelerated this
development and also provoked a peak in the interest in
instructional online laboratories [16-18].



In an online lab, students manipulate investigation material,
whether physical (remote) or virtual. The effects of this
manipulation are observed to gain insight into the relationship
between variables in the conceptual model underlying the online
lab [19]. As documented in the literature, benefits of online labs
include cost-efficiency for laboratory work, flexibility in
varying the experience, multiple user access (not necessarily to
the same simulations environment but to parallel labs), damage
resistance, user safety, and accessibility of experimental setups
[20-23]. Drawbacks, meanwhile, include the complex
development process and disconnect between the real-world and
online experience in terms of the wuser’s seriousness,
responsibility, and carefulness [10, 24, 25]. Hence, various
studies show that online laboratories can be efficient tools for
engaging engineering students with lab-based learning
experiences and practical tools, stimulating autonomous
learning and offering practical problem-solving experiences,
improving student motivation, and overcoming organizational
shortcomings in higher education institutions [26-28]. However,
Brinson also observed that research results are in parts
contradicting, that current studies show a large variability in the
measured outcomes and that research in this field is done by
different areas and subdisciplines [15]. Furthermore, the current
database in this research field still relies mainly on student
feedback and perception [1, 4, 6, 29, 30], which is not enough to
gain a deep understanding of the efficacy and efficiency of
online labs in instructional settings, particularly when it comes
to learning outcomes. Furthermore, there is a clearly detectable
need to investigate the adoption and implementation process for
online experimentation from the faculty perspective. Large parts
of the research body do not question faculty members’ ability or
willingness to apply new instructional online lab technologies.
One reason might be that most of the research thus far has been
conducted by the lab developers themselves, meaning they were
technically able and, potentially even more important,
intrinsically motivated to deploy the online lab. Studies focusing
on faculty, who don’t have this intrinsic motivation are currently
very rare to non-existent.

The work-in-progress research presented in this paper tries
to fill this gap by explicitly focusing on the faculty side with the
goal of gaining a deeper understanding of their perspective. The
special situation around COVID in 2020 gave us the opportunity
to even work with faculty who previously would not have been
tempted to use online labs in general, but were forced by the
circumstances. While the mandated switch to wholesale online
education can provoke questions about power and the
relationship of university administrators and faculty, our focus
was on impacts in the learning environment. Specifically, we
were interested in how the switch to online instruction in lab
courses impacted the faculty’s experienced reality of their
teaching. This perspective informed our research plan and the
chosen methodologies, as explained in the following sections.

III. RESEARCH DESIGN AND PLAN

A. Study design and methodology

To investigate the faculty perspective in the above-described
context and to answer the posed research question, we chose a
primarily qualitative approach in the form of semi-structured
faculty interviews. The interview protocol was informed by both
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i) the framework of propagation developed by Froyd to connect
fit, efficacy, and adoption of educational innovation from a
faculty perspective [9] and ii) the diffusion of innovation
framework [8, 31-33], that articulates factors influencing the
adoption or rejection of technology including relative
advantage, compatibility, complexity, trialability, and
observability (cited from [9]).

We performed in total five interviews with electrical and
computer engineering faculty at our college (male=4,
female=1). Four faculty members used the online laboratories
explained herein, either during Summer 2020 courses or in Fall
semester 2020, to deliver electrical engineering courses on
circuits building online. One faculty member decided not to use
online labs and developed a workaround for their class.
However, we still included this faculty member in the interviews
to also hear from faculty still critical of online experimentation.
In terms of seniority, the interviews ranged from young faculty
with less than three years of teaching experience to faculty
members with teaching experience longer than ten years. In
terms of the instructional context and the pandemic situation, the
interviews focused on the Summer term 2020 (fully online,
remote teaching) and the Fall term 2020, in which the college
applied a rotating hybrid model allowing a fraction of the
students in class and the other fraction taking part remotely using
online communication technology.

Faculty interviews were performed during Fall 2020 (one)
and Spring 2022 (four), and the interview time ranged from 25
minutes to 53 minutes (for 242 minutes total). Before data
analysis, we transcribed the interview recordings.

B. The online laboratories included in this study

In total, the faculty members used three different educational
technologies and types of online laboratories to deliver
laboratory-based courses in the area of electrical circuits
building online, two remote laboratories, and one full
simulation. We included those laboratories in our study as they
cover most of the electrical engineering curriculum and form
part of the instructional laboratory infrastructure at our college.
The labs were typically used 5 to 8 times per semester,
depending on the lab and the course context.

1) The VISIR remote lab

The VISIR remote lab workbench is equipped with a web
interface that enables students to use familiar benchtop
instruments from their computer screens, such as a virtual
breadboard, multimeter, and basic electronic components (see
Fig. 1 and [34]). The goal of this representation is to reproduce
tactile learning by emulating the required operating functions,
such as moving components and rotating instrument knobs. As
is typical for a remote lab, the students use the virtual user
interface on their computer screen as if they were working with
real equipment. The connected experimentation unit provides
the student with real experiment values.

2) The EMONA remote lab

The Emona TIMS netCIRCUITlabs also offers online access
to multiple students simultaneously, for controlling and
measuring real electronics circuits. The system is accessible via
a web browser and covers a range of experiments such as AC
amplifiers, feedback circuits, and differential amplifiers. The lab
equipment comprises a control unit and several switchable
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Figure 3: MULTISIM user interface (taken from www.ni.com)

boards for different experiments (see Fig. 2 and [35]). As
explained above, for VISIR, the students use the user interface
to interact with the equipment, but experimentation data is
developed on real equipment.

3) MULTISIM online circuits simulator

The third online lab faculty used to deliver lab courses online
was Multisim, an electronic schematic capture and simulation
program from National Instruments (NI). This program provides
an advanced, industry-standard SPICE simulation environment
for circuit building and is widely used in the academic and
industry fields [36]. Other than the above-described labs,

MULTISIM is purely simulation-based and, hence, is not
connected to any physical equipment during the
experimentation process.

IV. DATA ANALYSIS AND RESULTS

In order to analyze the interview data, we transcribed and
anonymized interview recordings and numbered the transcripts
from F1 to F5. To develop a deep and thorough understanding
of the faculty’s perspective, we applied a thematic analysis
approach in the form of topic coding [37], in which we identified
passages across all five interview transcripts that were linked by
a common theme or idea allowing us to both highlight the
faculty perspective on switching to online lab instruction and
answer our research question. In the following, we will display
the results developed so far by our qualitative approach.

A. Overarching observations: Comparison to the “real” lab
and taking over the student perspective

Before we describe several themes that emerged from coding
the data, we want to comment on two aspects that were very
clearly visible throughout all five interview transcripts. Firstly,
for all faculty interviewed, the concept of describing their
experience using online and virtual labs was basically non-
existent without a solid comparison to in-person labs. This
means that almost every comment the faculty made concerning
their experience was built on and compared with their
experience using real laboratories. It was not the case that
faculty understood the online lab as a new, standalone
instructional technology. Still, every advantage, disadvantage,
or simply every experience was presented as a result of the
comparison between real and virtual laboratories. We decided
not to represent this as a theme because this observation
transpires clearly in every other theme described in the
following. Secondly, it became clear throughout the interview
transcripts that the faculty reflected on the switch to online
laboratories primarily through the student learning perspective
rather than through their own perspective. It was much more the
exception that faculty made a clear-cut difference between their
own and the student perspective. Most of the time, the faculty
expressed thoughts representing the student’s perspective, even
when asked about their own experience. Even though this
observation may not be surprising given that we are talking
about an instructional tool, we still felt this worth mentioning.

In the following, we will present and briefly discuss four
themes that emerged from the data: Scheduling flexibility and
individualized support, learning outcome differences, the
connection between lecture and the lab, and student
engagement.

B. Theme: Scheduling flexibility and individualized support

We saw that one of the most mentioned advantages of the
online labs in the examined context was the flexibility for both
professors and students. For professors, it allowed them to track
a student’s work time in the online lab user management system
and give them access to a student’s individual progress, which
is difficult to measure in a 2-3 hours in-person lab. By the
students and professor not being tied down to the set hours of an
in-person lab, the professor can take advantage of the entire
week to help students who might need it, and students can also
reach out based on their individual needs while going through
the lab experience. Comments from F2 and F4 stated:



e “Because when they have flexibility, then they probably will
do the lab anytime during the week when they are available.
So, the thing is that some of them are active, so when they
have questions, they contact me.”

e ] think the advantage is that they have flexible schedule.
And they don't need to worry about the health issue”

Even though the health issue note was specific to the COVID
pandemic, the quote exemplifies other comments that
appreciated the independence from the time and space
boundaries in regular in-person lab courses.

C. Theme: Learning outcome differences

Oftentimes, online labs and simulations try to depict as
accurately as possible what would happen in a real lab.
However, there will always be a gap between the real experience
and a virtual experience. Remote labs mitigate this issue by
using real equipment but still cannot replace the haptic feel and
experience of in-person equipment. When it comes to
simulations, there is no realistic tolerance in results, so we’re left
with a schematic that produces perfect numbers. Interviewees
acknowledged those differences and referred to different
learning outcomes that could be reached in in-person labs and
online labs, both remote and virtual. Interviewee F2, for
example, said:

e “The advantage for in-person, definitely, that's hands-on
skills. So, if we just talk about understanding the concept, 1
think, online or in-person labs, they were both do the work.
But if you focus on the hand-on skill, especially for our
students, Electronic Engineering, we really need a hands-
on skill. And then online lab is not doing that.”

D. Theme: Connection between lecture and lab

When a faculty member teaches a lab section, one of the
major goals is to have that lab lined up as closely as possible
with the lecture content. In the study context, all faculty had this
lecture-lab connection well established over the last years. As
they were forced to implement online software to run the needed
labs, it became much more challenging to relate lab content to
the lecture. There were a couple of reasons for this. One reason
was the lack of flexibility allowed by the online software in
terms of instructional content. The other was the lack of possible
complexity when creating an online lab with the used software.
Interviewee F1 commented on the lack of complexity, saying:

o “[ envision that for a more advanced course, like a second
level circuits class and up, that there would be some more
issues arising from that because the topics tend to be more
diverse and more sophisticated.”

When looking through the interview data, it became clear
that the online labs that were provided by the software strayed
from lecture content as the material became more and more
complex over the course of the semester, creating a disconnect
for the students. Professors tried to modify these labs as much
as possible, but the only option seemed to be a simulation-based
experience for higher-level circuits classes. Also, it became
apparent that faculty tended to try to adapt the lab activity to
their course content rather than trying to update their course to
match it with the given lab opportunities.

E. Theme: Student engagement with the lab

A major, perhaps the biggest, concern about using online
labs as an option was the worry about a lack of student
engagement. This worry was based on the assumption that an
online lab or simulation gives students the opportunity to not
fully engage with the lab’s contents or equipment and somehow
“sleepwalk” through the entire lab. Interviewee F4 says on this
topic:

®  “No matter whether it’s an in-person or online class, I think
it’s important to have interactions, but some students don’t
realize it.”

When in an in-person lab course atmosphere, everybody in
the lab is usually monitored by the faculty and through that
forced to engage with the equipment to some extent during the
lab period. However, for an online lab or simulation, faculty
commented on the possibility that students have the ability to
not engage with the course content cognitively and go through
the entire course without really understanding the applications
of what they are doing, basically by just clicking through the lab.

V. DISCUSSION

As this work is still a work-in-progress, the presented results
are preliminary only. We learned so far that faculty experience
both advantages and disadvantages in using online laboratories
compared to an in-person laboratory session—these advantages
and disadvantages match in parts with the existing literature, for
example with regard to scheduling the laboratory-based course
section and being able to offer more individualized student
support. Most prominently, faculty commented on the added
flexibility for both faculty and students when switching to online
lab instruction. However, this switch also comes with different
possibilities and caveats regarding achievable learning
outcomes for the students. It became clear that new instructional
technology in the form of online labs proved to be a challenge
in terms of matching those labs with established course content
and curricular structures. Also, the faculty mentioned concerns
about the students’ cognitive engagement with the course
content when doing lab activities at home instead of the in-
person lab classes. This potential lack of cognitive engagement
clearly needs further investigation.

Looking critically at our chosen approach and methodology,
we so far can observe that we were able to understand the faculty
experience to a good extent. Themes emerging from the data
support and complete existing research but also go beyond the
understanding of prior work so far. Future work will be guided
by both an even more profound engagement with the data
discussed above and follow-up interviews with the same faculty
one year later. Those interviews happened in Spring 2022, and
we expect to learn even more from this second round. For
example, these interviews will give us insights into the faculty
perspectives on online laboratories now, at a time when in-
person classes are possible again, and whether or how online
labs are being integrated with traditional instruction. Contrasting
the latest interviews with the interviews displayed in this
manuscript will tell us more about what sticks with faculty in
terms of online experimentation and, hence, has a chance to
prevail in the future.
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