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Abstract

General education science courses at a Canadian postsecondary institution implemented Beyond
Labz virtual science labs. Faculty members teaching vocational science-related courses tested this
resource. This qualitative study explores faculty member and learner perceptions of the efficacy of these
virtual labs in terms of ease of use, designing hands-on activities, student engagement, and accessibility.
Data are collected via a focus group, surveys, meetings, and interview notes. The study found that
learners and faculty members may have different perceptions of the importance of virtual labs for the
development of various skills. From the data, five themes emerge related to addressing the needs of
diverse learners and utilizing multiple affordances of virtual labs. Although science virtual labs are
perceived as a useful tool for teaching and learning science, faculty members identify barriers such as
the need to develop digital literacy skills and initial training and institutional support when introducing
new tools. Recommendations for effective science virtual labs curriculum integration are included.

Keywords: education technology, faculty member professional development, general education,
polytechnic institutions, science virtual labs

Résumé

Les cours de sciences en éducation générale dans un établissement postsecondaire canadien ont
mis en ceuvre les laboratoires scientifiques virtuels Beyond Labz. Les membres du corps enseignant
dispensant des cours de sciences a vocation professionnelle ont testé cette ressource. Cette étude
qualitative explore les perceptions des membres du corps enseignant et des apprenants sur I'efficacité de
ces laboratoires virtuels en termes de facilité d'utilisation, de conception d'activités pratiques,
d'engagement des étudiants et d'accessibilité. Les données sont recueillies par I’entremise d’un groupe
de discussion, de sondages, de réunions et de notes d'entrevue. L'étude a révélé que les apprenants et les
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membres du corps enseignant peuvent avoir des perceptions différentes de I'importance des laboratoires
virtuels pour le développement de diverses compétences. A partir des données, cing thémes émergent
concernant la prise en compte des besoins de divers apprenants et 1'utilisation des multiples avantages
des laboratoires virtuels. Bien que les laboratoires virtuels de sciences soient per¢us comme un outil
utile pour l'enseignement et l'apprentissage des sciences, les membres du corps enseignant identifient
des obstacles tels que la nécessité de développer des compétences en littératie numérique, une formation
initiale et un soutien institutionnel lors de l'introduction de nouveaux outils. Des recommandations pour
une intégration efficace des laboratoires virtuels de sciences dans le programme d'études sont incluses.

Mots-clés : développement professionnel des membres du corps enseignant, éducation générale,
établissements polytechniques, laboratoires scientifiques virtuels, technologie éducative

Introduction

When Afton-Dawn Ellison messes up a chemistry experiment, the smoke from the explosion and
the shattering glass don’t distress her. She simply clicks her computer mouse a few times and
starts over. (Carnevale, 2003)

The sudden adjustment to online course delivery during the COVID-19 pandemic may have had
a negative and lasting impact on students in postsecondary education in Canada (CDLRA, 2020;
OCUFA, 2020). The overall quality of educational experience and the ability to adequately teach and
support students led to a pilot project at an Ontarian polytechnic institution in Winter 2021. A group of
faculty members, with the support of administration and instructional designers, sought to investigate
ways to incorporate virtual science labs developed by Beyond Labz (https://www.beyondlabz.com/ ).
Associated benefits and challenges for faculty members teaching general education and vocational
science-related courses are identified.

The project consisted of two components:

o Faculty members teaching general education physics and biology courses used virtual labs
with students.

o Faculty members from different programs around the college explored Beyond Labz for
potential use in their courses.

Beyond Labz is a digital simulation platform built upon actual experimental data and the most
advanced models available. This platform offers chemistry, organic chemistry, biology, physics, and
physical science labs. Each lab supports hundreds of preloaded experiments and instructors can develop
their own activities. For example, Physics Density Lab (Figure 1) supports an experiment in which
students are asked to explore the properties of fluids by dropping a Cesium ball into milk (Figure 2).
Students press “Drop”, and an unexpected explosion occurs (Figure 3).
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Figure 1
Screenshot of Density Lab
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Note. Density lab, Beyond Labz. Used with permission.

Figure 2

Screenshot of ‘Cesium in Milk’ Experiment (before)

Note. Density lab, Beyond Labz. Used with permission.
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Figure 3

Screenshot of ‘Cesium in Milk’ Experiment (after)

Note. Density lab, Beyond Labz. Used with permission.

By understanding faculty member experiences with using virtual science labs and simulations,
faculty member professional development (PD) is supported. The opportunity for students to enjoy and
succeed in college science courses is increased, and career-readiness and soft skills development is
promoted. Educators must anticipate the range of needs and then plan accordingly to ensure that faculty
members and students can experience the full educational potential of science virtual labs.

Literature Review

As online learning has grown and evolved, so has the use of science virtual labs and simulations.
Virtual laboratories (VLs) have become an increasingly viable part of teaching and learning (MERLOT,
2019). Virtual laboratories could be useful resources for science education for remote teaching and have
been useful during the COVID-19 lockdowns (de las Heras et al., 2021; Ray & Srivastava, 2020). The
need for VLs to be integrated in STEM education became even stronger due to subsequent shift towards
online/blended learning (European Commission, 2022). There has been increased focus on the
integration of technology to support learning in STEM education research (Pavlou & Zacharia, 2024;
Zhan et al., 2022).

The importance of laboratory practice in science studies is acknowledged by the educational
research community and the pedagogical value of experiments in science teaching is well established.
The importance of experiments has been highlighted by many scientists and educators, all of whom
praise the overall benefits of experiments in science teaching and online learning (Faour & Ayoubi,
2018; Papaconstantinou et al., 2020; Potkonjak et al., 2016; Tsichouridis et al., 2019; Waldrop,
2013). Virtual laboratories offer affordances that, in some situations, hands-on labs cannot.

Affordances of Virtual Laboratories

Multiple affordances of science virtual lab technology have been identified. Virtual laboratories:
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e support students’ deep understanding of science concepts and correcting their
misconceptions (Bretz et al., 2013; Bruck et al., 2010; Johnstone & Al-Shuaili, 2001)

e  provide easy access to resources anytime and anywhere and flexible user interfaces that
meet user needs and expectations (Afgan et al., 2015; Makransky et al., 2016; Viegas et al.,
2018)

e can support meaningful learning by linking new information with existing information,
thus improving students’ conceptual understanding of the material (Aljuhani et al., 2018;
Hakim et al., 2016; Papaconstantinou et al., 2020)

e  reduce equipment needs and offer students more information and the opportunity to work
at their own pace while exploring difficult or interesting concepts (Aljuhani et al., 2018;
Darrah et al., 2014; Nickerson et al., 2007; Viegas et al., 2018)

e  may be most beneficial for students with special needs (Viegas et al., 2018)

e  increase non-cognitive outcomes such as motivation and self-efficacy leading to greater
educational and life outcomes (Heckman & Kautz, 2012; Heckman et al., 2006; Makransky
et al., 2016)

e may be a good way to conduct problem-based learning and develop analytical thinking
skills (Klentien & Wannasawade, 2016)

. can be fun for students as curriculum gamification is added (Aljuhani et al., 2018;
Carnevale, 2003)

o used as pre-lab exercises, can alleviate real-lab cognitive workload and increase learning
outcomes, giving students an effective way to prepare and gain basic knowledge and
cognitive skills beforehand, thereby directing their cognitive resources toward the relevant
activity in the real lab (Abdulwahed & Nagy, 2009; Makransky et al., 2016)

Research demonstrates that the combination of virtual and real labs best leverages the different
affordances of each lab (Abdulwahed & Nagy, 2009; Corter et al., 2011; de Jong et al., 2013;
Makransky et al., 2016; Nickerson et al., 2007; Perkins et al., 2010; Tsichouridis et al., 2019; Zacharia,
2007). Faculty members argue that VLs are preferred when costly apparatuses and supplies are needed,
or dangerous experiments are involved. Hands-on labs are also needed to familiarize learners with real-
life professional tasks and equipment. In general, teachers report that they do not differentiate between
the lab formats and support the fact that both labs are essential to achieve a holistic view of reality
(Tsichouridis et al., 2019).

Digital Literacy for Educators

Incorporating VLs in distance learning requires students and teachers to have relevant digital
literacy skills. Currently, the discourse on implementing digital technologies in higher education settings
focuses more on student learning than on faculty teaching (Guri-Rozenblit, 2018). It is acknowledged
that digital literacy skills vary among educators and that not all faculty are digital natives. There is a
need to rethink the educators’ role in planning and applying technologies to enhance and transform
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student learning, and to develop ongoing PD to ensure faculty competencies to integrate technologies in
their professional practice. The following studies explored teacher digital and media literacy:

o Teachers have low levels of digital safety literacy; facilitating the development of digital
literacy is one key challenge faced by schools today, and common teacher technology
competencies for teacher education is needed (Borthwick & Hansen, 2017; Tomczyk, 2020).

o Teacher competency to create effective learning environments for students is needed
(Hassan & Mirza, 2021; UNESCO, 2018). The main reason for not using technology in
schools was the lack of teacher digital skill (Anisimova, 2020; Hassan & Mirza, 2021).

o Teachers reported that digital literacy was a very important skill; 94% of participant teachers
reported the need for training (Hassan & Mirza, 2021).

e Borthwick and Hansen (2017) identified that there was little research on effective pre-
service teacher preparation in technology use.

o Falloon (2020) provides an extensive analysis of existing digital literacy frameworks and
presents a conceptual framework introducing an expanded view of teacher digital
competence to better prepare future teachers.

o A digital literacy framework within the teacher education sector including “digital
literac(ies) for openness” (Gruszczynska et al., 2013, p. 197) and drawing on socio-cultural
models of digital practice has been extensively explored (Davies & Merchant, 2014).

e The Information and Communication Technologies Competency Framework for Teachers
explains competencies in use that allow teachers to deliver quality education (UNESCO,
2018).

Research on Virtual Labs

A literature search showed that multiple studies explored the use of VLs and their effectiveness
and impact on

a) university students (Afgan et al., 2015; Branan et al., 2016; Corter et al., 2011; Darrah et al.,
2014; de las Heras et al., 2021; Makransky et al., 2016; Papaconstantinou et al., 2020; Viegas
etal., 2018), and

b) secondary school students (Ambusaidi et al., 2018; Ismail et al., 2016; Perkins et al., 2010;
Rajendran et al., 2010; Trachly et al., 2019).

Also, the topic of student support to use VLs was explored. Zacharia et al. (2015) identified potential
types of guidance to support student inquiry when using VLs. Surprisingly, only a few studies explored
teacher perspectives on the use of science VLs for teaching and learning (Anisimova, 2020; Guri-
Rozenblit, 2018; Hassan & Mirza, 2021; Lima et al., 2019; Makhmudov et al., 2020; Tsichouridis et al.,
2019). Technology-enabled teaching and learning, when implemented effectively, has a positive impact
on teaching and learning but a negative impact when not implemented appropriately (Bull & Keengwe,
2019; Ma & Nickerson, 2006).
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This study helps reduce the research gap by exploring college faculty member perceptions of the
efficacy of virtual science labs. These results are relevant to other Canadian polytechnic institutions and
can support curriculum integration of science VLs. The objectives of the study include:

o Exploring faculty member perceptions of the efficacy of science virtual labs for general
education and applied courses.

o Identifying benefits and challenges in integrating this technology into science college courses.

The Study

Participants

The call for participation was posted on the Microsoft Teams Institutional Community of
Practice space in December 2020. Twenty faculty members from different areas of the college attended
the briefing session. Ten faculty members remained on the project representing the following areas of
the college:

o Liberal Arts and Sciences
o Engineering

e Nursing

e Dental

e Pre-Health

e Instructional Design

Seven faculty members had access to Beyond Labz to explore VLs for potential use in science-
related vocational courses. Two faculty members used Physics and Physical Science labs and one used
Biology labs for teaching general education courses in Winter 2021. Virtual labs served as live
demonstrations during synchronous sessions, as a substitution for hands-on synchronous or
asynchronous activities (providing the first-ever labs to this biology course), and as assessment activities
(virtual labs were worth 10% of the total course mark). Faculty and an instructional designer met bi-
weekly to share their observations, concerns, and successes. Although each faculty member designed
their own instructional activities, the ground rules were collaboratively agreed upon (Figure 4) and
provided common ground for designing student support and course learning activities and assessment
(Figure 5).
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Figure 4
Sample Agreed Upon Rules for Virtual Laboratory Integration

e Post information on Blackboard about Beyond labs for students to get familiar with the
resource.

e Provide instructions on how to get access to the resource and download labs.

e By week 3 assess the number of students without access to the labs and inform the
Project Lead.

e Use virtual labs as instructor’s demonstration during live sessions at |least one time

before the introductory activity.

Note. Author’s own image.

Figure 5
Sample Activity Design
Cesium in Oil and Water

Goto "Dens#y” lab. Click on the clipboard in the right top comer of the screen. Open
preset kst Then choose ‘Cesium in O and Water” and click on it. Al the equipment wil
be setup

To explore what happens when you drop cesium metaln oil and water
Two graduated cylinders; olive of. water, two cesium balls; timer; lab book.

. Drop the ball in the 1st cylinder. Write down the time it takes to reach the bottom.
Drop the ball in the 2nd cylinder. Write down what happens

. Fill out the table below

Click "Exit” to leave the lab

N -

Fill out the missing information

Table 2

[ Cyinder (from ieft to right) | Liguid type | Liquid volume, mi__| Time, seconds |
1

‘ 2

Note. Author’s own image.
Research Design

The present study employed a qualitative research paradigm (Lincoln & Guba, 1985) and a
single-case study research design to investigate faculty member perspectives on using science VLs.
Selecting a qualitative case study research design allowed research to occur within a real-life context
and provided means to deeply understand participants' lived experiences (Merriam, 1998; Yin, 2003),
and understand the multiple perspectives that define the phenomena under study (Denzin & Lincoln,
2011).
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This study used method triangulation to facilitate the cross-verification of data and represent the
participants. Methods of data collection involved a) faculty member pre-survey (Appendix A) and post-
survey (Appendix B); b) student post-survey (Appendix C); and c) faculty focus group transcripts,
detailed research observation notes; transcripts from four semi-structured interviews with faculty
members and peer debriefing. Data collection tools were approved by the Institutional Research Ethics
Board. The data was organized around frequently noted topics.

The trustworthiness criteria identified by Lincoln and Guba (1985, 1986) were addressed in the
following ways: to improve confirmability, two researchers separately coded the qualitative data,
compared codes, and identified themes in data collaboratively; peer-debriefing and an opportunity for
participants to review and comment on the accuracy of interpretations and conclusions helped improve
researcher reliability and credibility; and the fact that participants represented different areas of the
college helped improve transferability and relevance to other Canadian polytechnic institutions.

Findings and Discussion

Pre-survey

A student pre-survey was not conducted. Table 1 shows the pre-survey characteristics of
participating faculty (response rate = 100%). Faculty goals for the study included learning about new
technology tools for student engagement and active learning, forming a community of practice, and best
learning practices. For example, one faculty member responded, “Find interactive ways to engage
learners in class materials; get additional insight into creating immersive online learning activities”,
while another wrote, “To find labs/simulations that will support the theoretical part of the course.”

Table 1
Characteristics of Faculty Members (n=10)

Characteristic # of Responses  Percentage
Teaching experience of 6-15 years 6 60%
Teaching experience of 16+ years 4 40%
Have no network of teaching colleagues to share and reflect on best 6 60 %

practices for the use of VLs
Have an informal community of practice that meets from time to time 4 40%

Not familiar with VLs 7 70%

Post-survey

Post-survey response rates for faculty were 100% but only 22% for students. The low student
response rate may be due to the length of the survey or because it was a lower priority compared to their
vocational courses. Both faculty members and students provided their perspectives on the importance of
VLs (Figure 6). The results demonstrated eye-opening perception differences about the value of VLs.
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Faculty members perceived VLs as a tool to develop digital literacy and demonstrate how to work in a
real lab; much less important than how students perceived VLs. On the other hand, faculty members
may overestimate the tool’s engagement feature: adding technology to the course does not automatically
make it engaging for students. This emphasized the need to relate the choice and use of media to other
factors such as learner needs and values, pedagogical context, and learning outcomes in addition to the
design of multimedia materials (Bates, 2019).

Figure 6
Comparison of Faculty and Student Perceptions of Affordances of Virtual Labs

Improving Digital Literacy —
Creating Community -
Learn to Work in Real Labs h
Vizualzing Concept |
Engagement |y

0 10 20 30 40 50 60 70 80 90 100
%

VLs are Important for

W Faculty M Students

Three faculty members, who taught with Beyond Labz, had 135 students in five classes: four
sections in a Physics course and one section in a Biology course. Due to the nature of general education
courses, students were from a variety of programs and between the first to sixth semesters. Some
students decided to forfeit 10% of their course mark to not complete the VLs due to the additional effort
required to learn how VLs work.

Analysis of Focus Group Discussions and Meeting Notes

Faculty members suggested that by integrating Beyond Labz into science courses both levels of
engagement and opportunity for active learning increased in the classroom. General feedback from
faculty members showed that VLs were a good way to engage students with science exploration. One
participant stated:

I loved the fact that explosions and broken glassware can happen without warning - just
like in a real lab. Really made you think about why. Most virtual lab software doesn't
allow for this type of "random" effects.

However, faculty members experienced a learning curve when integrating VLs into their courses. When
reflecting upon their experiences, faculty members from applied programs such as dental or nursing
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reported that due to the nature of their courses and curriculum load, they do not have time
(“unfortunately”) to introduce new tools and teach students how to use them.

Five themes emerged from the data: a) it is important to address diverse student population needs
and to consider access and accessibility issues, b) VLs have the potential to enhance learning,
c) successful virtual lab integration requires instructional support for students and faculty members
alike, d) implementing VLs presents some barriers, and e) it is essential for faculty members to develop
digital literacy skills.

These findings agree with findings in other contexts (e.g., Rueda-Gémez et al., 2023). Such
similarity, in factors for successful integration of VLs or another online platform in the classroom,
suggests that emphasis be placed on adjusting implementation plans and support to the targeted groups.
Hence, the types of institutions (e.g., university or polytechnic), the types of students (e.g., taking a
diploma or degree program), and course subject matter may be less important.

It is Important to Address Diverse Student Population Needs and to Consider Access and Accessibility
Issues

According to the American Council on Education (2019), higher education institutions
experience unprecedented diversity of learners. The faculty members mentioned different levels of
previous knowledge and different interest levels in learning. One participant highlighted the importance
of considering different student attitudes toward learning: VLs as “assessment will do, optional may
ignore”. One faculty member was concerned with “...different age groups and not curious about digital
learning”.

Beyond Labz was designed for university science students majoring in special disciplines who
usually start working with VLs and have more background knowledge and lab skills. These students are
often more inclined to explore concepts for their own sake. However, based on the data, faculty
members recognized that some college students, especially those with previous postsecondary education
experience, tended to enjoy the process of exploring the platform while others needed to be scaffolded
through the steps. One faculty member shared:

For sure, you know as a professor there is a whole range of students. There are for sure students
who reach out and they're like, "I got stuck in step one. Help me figure out how to do step two."
They want to get it exactly right. So there are for sure that type of students. But I think the
software enables the more explorative curious students more than a straight only physical lab
does.

Faculty members who taught using Beyond Labz reported that most students found the platform
accessible, while 5% of students did not have access to labs due to technical issues. One faculty member
expressed concern that the reason could be that “students may not have adequate hardware”.

Beyond Labz users needed to install the software on their computer, giving users access to both
Desktop and Web versions of the platform. An Internet connection was required to login to the platform,
but after that, the labs could be used without Internet. The age and model of a computer or absence of a
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laptop were some issues reported by students. Learners who did not have access to the resources were
given alternative individual or group assignments.

Based on faculty member feedback, the accessibility of a virtual STEM platform and its
compliance with WCAG 2.0 (W3C Web Accessibility Initiative, 2021) should be considered during
adoption, and plans made for accessibility gaps. Participating instructional designers raised concerns
about the Accessibility for Ontarians with Disability Act (AODA, 2005) compliance of Beyond Labz
because the tool was originally designed to prioritize realism over accessibility. However, all current and
new lab designs are closely aligned to and guided by WCAG 2.0 AA standards (Accessibility
Conformance Report, 2020).

Virtual Labs Have the Potential to Enhance Learning

Faculty members reported that the platform can be a useful supplement to real labs, especially
for online learning, as it prepares students to apply experiments in real life, after exploring different
virtual possibilities and options. One faculty member stated: “Students can learn to run an experiment,
make mistakes, and practice developing critical thinking and problem-solving skills before getting to the
“wet” lab.”

Faculty members appreciated “lots of choice and the fact that they are virtual” and the “ability to
play with equipment” in VLs. They explored options for different experiments that could be
administered on the platform. One participant described their experience with Beyond Labz as “no auto-
pilot feeling”. The VLs encouraged students to become active learners benefiting from their curiosity
and the ability to learn from mistakes. “They can change/adjust the values for the different variables and
compare the results, they can also have recorded results as well”.

Beyond Labz allows students to do science in online courses. As one faculty member wrote,
“Beyond Labz adds a valuable tool to teach the process of science along with the concepts”.
Importantly, this tool may be more valuable for general education science college courses (“with the
right faculty training” as one participant noted) that teach science literacy and do not have restrictive
content requirements of applied science college courses. According to one faculty member, “I/ would use
it for pre-lab activities as well as stand-alone activities and demonstrations”.

Successful Virtual Lab Integration Requires Instructional Support for Students and Faculty

Faculty member feedback emphasized the importance of structured online learning and the need
to develop detailed lab manuals to understand how to effectively use VLs. One faculty member pointed
out that Beyond Labz is “not an intuitive platform”, and another confirmed that “Without a proper
tutorial, the interface appears overwhelming and hard to follow.” Another suggested, “I think a lot more
scaffolding and gradual easing into the software is required in the online space.” Another suggested that
support is needed for both faculty and students as some students “want to have someone holding their
hand through every step”.
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Implementing Virtual Labs Presents Some Barriers

Many college faculty members are hired because they are professionals in their field. Often, they
do not have skills and knowledge in instructional design or special training on VLs in teaching and
learning contexts. Time and effort are required to learn new resources. One faculty suggested, “There is
a lot of time and effort that needs to be invested to use these Labz and integrate them into the courses,
for the Labz to appear seamless.” Another barrier identified “The learning curve for creating your own
experiments and fear of the unknown” and concern to “find balance between direct instructions and real
time experience” was also expressed. Moreover, one participant wrote, “the perceived level of student
support may scare some faculty away from using [Beyond Labz]”.

1t is Essential for Faculty Members to Develop Digital Literacy Skills

Bates (2022) emphasized that Canadian colleges and universities need skilled teachers to teach
learners the skills needed in the 21st century. Also, it is important to equip learners with the science
skills and competencies needed in the digitalized world (Hazelkorn et al., 2015). There is well-
established literature and generally agreed best practices (Bates, 2010), but Christensen Hughes and
Mighty (2010) found that many faculty members are unaware of these standards. One participant
mentioned that a lack of digital skills might be the reason for “faculty not engaging with the platform”.
Many participants agreed that this tool develops creativity in teachers. One participant responded,
“Creative thinking - motivated me to continue to push forward to find technology that supports the
pedagogy and curriculum I am working on”.

To fully benefit from using the Beyond Labz platform, participants agreed that faculty members
need to upgrade their technology skills to be able to create their own virtual lab content, which will align
with course outcomes and serve learners’ needs. One faculty member responded, ““I think a lot of teacher
training might be required before it is widely adopted”.

Unintended Consequences

One significant finding was the realization of the importance of teamwork. The Professional
Learning Community on Microsoft Teams created for the project supported the sharing of ideas,
concerns, and various teaching and learning resources, the development of digital literacy, and the
building of relationships among participating faculty members. This community was a great way to
connect with managers, instructional designers, and other interested faculty members. Members agreed
that “Training on the software and development of custom activities requires time, resources and
commitment from their Chairs.’

’

Recommendations

Recommendations support previous academic research. It is important for faculty members to
enhance their media literacy skills and explore different educational platforms (e.g., Gamage et al.,
2020). The key is to make the process enjoyable for all educational stakeholders and provide
opportunities for peer collaboration. Creating a community of practice within an educational institution
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is another option for sharing ideas and informal training (Alves et al., 2016). Although opportunity to
create a larger community of practice outside a single school may be valuable. In agreement with
previous research (e.g., Lima et al., 2019) facilitating ongoing support for faculty members by providing
initial training, instructional support, and sharing best practices and activities is needed. It is worth
mentioning that resource costs and lack of institutional support may be a barrier to adoption. To find a
solution, stakeholders, faculty members, administration, and students should work together to make
evidence-based decisions.

Implications

Virtual laboratories and simulations are designed to supplement an already well-designed
curriculum and teacher efforts, but they cannot replace them (Perkins et al., 2010). Stdter et al. (2014)
suggest research continues to support the adoption of tools that meet the criteria for effectiveness and
efficiency in learning experience and outcome. This study contributes to faculty PD literature by
unpacking college faculty member perceptions of the efficacy of science VLs and the factors
contributing to successful curriculum implementation.

This study offers insight into the implementation process of virtual science labs and identifies the
benefits and challenges of using virtual science labs from a faculty member viewpoint. It aims to
improve science-education stakeholder knowledge when searching for tools to serve student, faculty
member, and institutional needs, and urges more studies to explore the impact of VLs on faculty PD and
student learning.

This study demonstrates that with peer support and guidance college faculty may successfully
integrate science virtual labs into their courses. For many, teaching with VLs will require stepping
outside their comfort zone and experimenting with new teaching techniques. Institutional and provincial
support cannot be understated. Preliminary findings suggest that VLs may not be suitable for science
courses in vocational programs such as dental or nursing programs because of the intensive nature of
these applied programs and the financial cost to the student for such a resource.

This research area is relatively new. There has not been enough data collected to be able to
develop a framework for best practices, both in terms of development and VLs use (Brinson, 2017). As a
result, it may be difficult to get institutional support for using VLs without evidence to support
educational advantages for both faculty members and learners. Deeper exploration of faculty needs for
introducing new tech tools into STEM teaching is required.

Three limitations are acknowledged. First, the narrow scope of the study setting. This study takes
place in one polytechnic institution in Ontario and may not be representative of other postsecondary
institutions in Canada. Beyond Labz may have a greater uptake at the university level due to the nature
of their academic and specialist programs and students. Although, colleges of applied arts and
technology are focused on career training and trades. Second, the small participant number may limit the
transferability or applicability of the findings. The final limitation lies in the probability of the ongoing
pandemic affecting both faculty member and student performance and impressions. A long-term
research study may provide further insight by allowing for greater knowledge of the context or natural
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setting, testing different virtual lab vendors, detailing participant backgrounds and experiences, and in
turn, opportunities for deeper analysis.

To our knowledge, this study is the first study to analyze the efficacy of virtual labs for science
courses at polytechnic institutions in Canada. It addresses the growing need for online formats and is
aimed at improving the knowledge base of science education stakeholders. Specific approaches to the
integration of VLs needs to be studied to increase their effectiveness. The COVID-19 pandemic has
been an important teaching moment for educators around the world that should inform the future design
of learning environments and teacher PD, post-pandemic. While apprehension of new technology may
cause some teachers to shy away from VLs, the educational advantages offered by this learning platform
outweighs initial fears. In addition, the affordances of VLs can address issues around artificial
intelligence use in education and academic integrity by providing opportunities for active learning and
designing of authentic assessment.
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Appendix A: Faculty Pre-survey

1. Please provide some background information on your years of teaching experience.
2. What science virtual labs would you like to test? Select everything that apply.
a. Biology
b. Chemistry
c. Organic chemistry
d. Physical science
e. Physics
3. How familiar are you with virtual labs and/or simulations?
a. Not at all familiar
b. Not so familiar
c. Familiar
d. Very familiar
e. Extremely familiar

4. What virtual labs or simulations do you currently use in your courses, if any? Write the name of
the resource and ways you use it in the classroom.

5. Do you have a network of teaching colleagues (i.e., a community of practice) to share/reflect
with on best practices and generate novel, creative ideas for incorporating.

a. Yes
b. No

6. What are your own professional learning goals in participating in this pilot?
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Appendix B: Faculty Post-survey

Introduction
1. How familiar are you with virtual labs and/or STEM simulations?
a. not at all familiar
b. slightly familiar
c. moderately familiar
d. very familiar
e. extremely familiar

2. How important are virtual labs for STEM general education courses?
a. Unimportant

b. Slightly important
c. Moderately important
d. Important
e. Very important

3. What are some of the virtual labs and/or simulations you use the most?

4. What do you like or dislike about these resources?

5. How often do you currently use virtual labs and/or simulations in the courses you teach?
a. Never
b. Rarely
c. Sometimes
d. Often
e. Always

6. Please provide some examples of how you use virtual labs and/or simulations in your courses.

For example, as pre-lab activities, wet lab replacement, etc.
Beyond Labz Specific Questions
7. What virtual labs did you try?

8. Rate your overall experience with Beyond Labz

a. Very poor
b. Poor
c. Fair
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d. Good

e. Excellent
9. What did you like most about them?
10. What did you like least about them?

11. Comment on overall quality of this resource for STEM college courses

a. Very poor
b. Poor

c. Fair

d. Good

e. Excellent

Opportunity Questions
12. Beyond Labz virtual labs is a good way to engage students with science exploration.

a. Strongly disagree

b. Disagree
c. Neutral
d. Agree

e. Strongly agree
13. Would you use this product today?
a. Definitely not
b. Probably not
c. Possibly
d. Probably
e. Definitely

14. How might you integrate the Beyond Labz STEM virtual labs into your courses? Provide
examples of activities.

15. What might keep faculty from using Beyond Labz virtual labs?

Reaction Questions
16. What is the most appealing about Beyond Labz virtual labs?
17. What is the hardest part about using this resource?

18. Was there anything surprising or unexpected about this resource?
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19. What could be done to improve this product?

20. Was there anything missing from this product that you expected?

User experience
21. The resource has a user-friendly interface.

a. Strongly disagree

b. Disagree
c. Neutral
d. Agree

e. Strongly agree
22. The resource is easy to navigate.

a. Strongly disagree

b. Disagree
c. Neutral
d. Agree

e. Strongly agree
23. The resource support/help is effectively organized.

a. Strongly disagree

b. Disagree
c. Neutral
d. Agree

e. Strongly agree
24. The resource pages generally have good image quality.

a. Strongly disagree

b. Disagree
c. Neutral
d. Agree

e. Strongly agree

25. The resource has pleasing appearance.
a. Strongly disagree
b. Disagree
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c. Neutral
d. Agree
e. Strongly agree
26. The resource has real wet lab feeling to it.

a. Strongly disagree

b. Disagree
c. Neutral
d. Agree

e. Strongly agree
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Appendix C: Student Post-survey

Introduction
1. How familiar are you with virtual labs and/or STEM simulations?
a. Not at all familiar
b. Slightly familiar
c. Moderately familiar
d. Very familiar
e. Extremely familiar
2. How important are virtual labs for STEM general education courses?
a. Unimportant
b. Slightly important
c. Moderately important
d. Important
e. Very important
3. What are some of the virtual labs and/or simulations you have used in your college courses?
4. What do you like or dislike about these resources?
5. Have you worked with virtual labs and/or simulations in other courses this semester? If yes, then
explain.
User experience
6. The resource has a user-friendly interface.

a. Strongly disagree

b. Disagree
c. Neutral
d. Agree

e. Strongly agree
7. The resource is easy to navigate.

a. Strongly disagree

b. Disagree
c. Neutral
d. Agree
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.

Strongly agree

8. The resource support/help is effectively organized.

a.

b.

C.

d.

.

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

9. The resource pages generally have good image quality.

.

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

10. The resource has pleasing appearance.

®

b.
C.

d.

@

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

11. The resource has real wet lab feeling to it.

.

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

Reaction Questions

12. What is the most appealing about Beyond Labz virtual labs?

13. What is the hardest part about using this resource?

14. Was there anything surprising or unexpected about this resource?

15. What could be done to improve this product?
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16. Beyond Labz virtual labs is a good way to engage students with science exploration.

a. Strongly disagree

b. Disagree
c. Neutral
d. Agree

e. Strongly agree

Beyond Labz Specific Questions
17. What virtual labs did you try?

a. Biology
b. Chemistry
c. Physics

18. Rate your overall experience with Beyond Labz

a. Very poor
b. Poor

c. Fair

d. Good

e. Excellent
19. What did you like most about them?
20. What did you like least about them?
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