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Chapter 1: Introduction
Statement of the Problem

In recent years, there has been a growing emphasis on integrating technology into
education to enhance learning experiences particularly in the realm of science education. Virtual
labs, computer simulations that replicate the experience of traditional laboratory experiments,
offer an innovative approach to teaching science and overcoming limitations posed by physical
resources. While virtual labs can offer significant educational benefits, including increased
access to experiments and enhanced engagement, many teachers face challenges in implementing
them effectively. These challenges could be lack of pedagogical support, limited access to
training, lack of resources, technological barriers or difficulties in aligning virtual labs with the
curriculum standards. Professional development (PD) programs are recognized as an important
means to address these barriers by equipping teachers with the necessary skills and knowledge so
they can successfully integrate technology into their teaching practices. While professional
development (PD) is often suggested as a solution to these barriers, little is known about how
teachers themselves perceive its effectiveness or what forms of support they find most useful.

By combining survey data with in-depth interviews, the study aims to provide a nuanced
view of both the systemic and practical obstacles teachers encounter and the support mechanisms
they believe are most needed to use virtual labs effectively. Understanding these dynamics will
inform the design of future PD programs that empower teachers to leverage virtual labs

effectively, thereby enhancing science learning outcomes for students.



Purpose of the Study

The purpose of this mixed-methods study is to explore the barriers and challenges that K—
12 science teachers face when implementing virtual labs, and to understand how these obstacles
influence their adoption and instructional use of the technology. Grounded in the Technology
Acceptance Model (TAM), the study aims to investigate teachers' perceptions of the usefulness
and ease of use of virtual labs, their stages of concern, and levels of use. Additionally, the study
seeks to examine teacher perspectives on the types of professional development and support they
believe would be most effective in helping them integrate virtual labs into their classrooms. The
findings from this research will provide insight into how to design teacher-centered professional
learning opportunities and policy supports that address both the cognitive and practical needs of
educators when adopting virtual science labs.

This information will be valuable for policymakers, school administrators, and educators
in designing effective professional development programs and support systems that can help the
teachers in seamlessly integrating virtual labs into their classrooms. Through this study, the goal
is to contribute to the development of more targeted and effective professional development
strategies that enable teachers to successfully incorporate virtual labs into K-12 science

education, enhancing both teacher performance and student engagement in science learning.

Theoretical Framework

This study is guided by the Technology Acceptance Model (TAM), originally developed
by Davis (1989), which provides a useful lens for understanding how and why individuals accept
and integrate new technologies into their practice. TAM posits that two primary factors influence

technology adoption: perceived usefulness and perceived ease of use. Perceived usefulness is the



extent to which a person believes that using a particular system will improve their performance
and perceived ease of use refers to how much a person believes using the system will be easy and
require little effort. In the context of virtual labs, these constructs are particularly relevant, as
teachers must evaluate not only the instructional value of the tool but also how manageable it is
to incorporate within their teaching routines.

By applying TAM to this study, we can better interpret how teachers' beliefs about the
effectiveness and practicality of virtual labs shape their willingness or reluctance to use them.
Moreover, this framework helps illuminate how various barriers such as inadequate training,
technical difficulties, or time constraints may negatively affect these perceptions. While TAM
has traditionally been used in quantitative studies, its constructs can also support the qualitative
component of this mixed methods design by guiding thematic analysis of teacher interviews.
Specifically, teacher narratives can reveal the conditions under which virtual labs are seen as
useful or burdensome, and what kinds of support—particularly in terms of professional
development—might shift those perceptions. Ultimately, TAM helps bridge the gap between
teacher attitudes and actual implementation behavior, making it a strong theoretical foundation

for this research.

Research Questions
The study aims to answer the following questions:
1. What are the barriers that K-12 science teachers face in implementing virtual labs into
their classroom instruction?
2. How do teacher perceptions of virtual labs affect their willingness and confidence to use

them in instruction?



3. What types of support do teachers perceive as most helpful for successfully using virtual
labs?
4. What types of professional development do teachers perceive as most effective in

supporting the implementation of virtual labs in K—12 classrooms?

Rationale/ Significance for the Study

As technology continues to evolve, virtual labs have become increasingly popular
particularly in response to the growing demand for digital learning environments and the need
for flexible, accessible, and cost-effective ways to deliver hands-on science experiences. Their
integration in K-12 science education offers a promising way to enhance student engagement,
understanding, and practical skills. A majority of research on the use of virtual labs in science
classrooms indicates that they are effective in promoting student learning, their achievement, and
retention (Gambari et al., 2013 and Al-Duhani et al., 2023). Studies have also indicated that
virtual labs also have a positive effect on the student attitudes toward learning by virtual labs
(Ambusaidi et al., 2018).

However, despite their potential, the successful implementation of virtual labs remains
uneven and inconsistent across schools and districts. Studies that explore teacher’s perspectives,
particularly regarding the challenges they encounter in utilizing the virtual labs in classrooms are
sparse (Kuehne, 2020). A small body of studies have shown that many teachers face barriers
such as lack of access to resources, limited training, insufficient time, and uncertainty about how
to effectively integrate virtual labs into their existing curricula. Existing research mostly
occurred in countries outside the United States and indicated that teachers are not using these

digital tools much in their classrooms (Alneyadi, 2019; Hechter & Vermette, 2014; Maharaj-



Sharma et al., 2017). While there is significant focus on the effectiveness of virtual labs in terms
of student learning outcomes, little research has been conducted that centers on teachers’
experiences with these tools, especially their concerns, beliefs, and professional learning needs.
Since teachers are often the key determinants for how and when virtual labs are used in the
classroom, it is crucial to investigate how teachers are using digital technologies to promote
student learning and the factors that affect their use (National Science Board, 2018). Studies have
also proved that teacher attitudes and teacher beliefs are the strongest influences for successful
use of digital technology (Buabeng-Andoh, 2012; Ertmer et al., 2012). As Fullan (2007) notes,
sustainable educational change depends on understanding the experiences of those at the
frontline—teachers. This study aligns with that perspective by exploring teachers’ insights into
the barriers and supports associated with implementing virtual labs in K—12 classrooms,
recognizing that their firsthand experiences are essential to informing effective and lasting
instructional innovation.

Additionally, there is a gap in the existing research regarding the role of professional
development in supporting the use of virtual labs in K-12 science classrooms. This study
addresses this gap by exploring not only the barriers that inhibit adoption but also the ways in
which professional development and contextual support can mitigate these challenges. Rather
than evaluating the outcomes of a specific intervention, this study focuses on understanding the
perspectives of science teachers to inform future instructional planning, technology
implementation, and policy development. The study will contribute to the development of
targeted, research-based professional development programs that support teachers in not only
overcoming these challenges but also provide evidence-based insights that can inform the design

of PD programs tailored to teachers' needs. As virtual labs and other technologies continue to



evolve, the insights gained from this study can serve as a foundation for future research and the
development of new educational tools. Understanding the relationship between professional
development and the use of emerging technologies can help guide future innovations in science
education and provide a framework for integrating new technologies in ways that maximize their

educational impact.

Research Design

The study will adopt a convergent mixed methods design in which quantitative and
qualitative data are collected and analyzed separately but concurrently and then integrated during
interpretation (Creswell & Plano Clark, 2018). It will be conducted on a sample of science
teachers from diverse educational backgrounds and experience who utilize virtual labs in their
classrooms. The study will employ both quantitative and qualitative approaches as this design is
particularly appropriate for understanding the multifaceted nature of teachers’ experiences with
virtual labs. It allows for the combination of generalizable patterns from survey data with rich,
contextual insights from interviews.

1. Quantitative approach: will involve a structured survey administered to a broad sample
of K—12 science teachers. The survey will be designed to measure teachers’ perceptions
of virtual labs using key constructs from the Technology Acceptance Model (TAM)—
such as perceived usefulness, ease of use, and intention to use—along with items that
assess common barriers to implementation (e.g., access to technology, training, time,
administrative support). Descriptive statistics and inferential analyses (e.g., correlations,

regressions, t-tests) will be used to identify trends and relationships between variables.
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2. Qualitative approach: semi structured interviews will be conducted with a smaller
subset of teachers (8-10). These interviews will be analyzed thematically, guided by the
Technology Acceptance Model (TAM) according to key constructs like perceived
usefulness and perceived ease of use. Interviews will be examined for statements
reflecting how helpful and how easy teachers find virtual labs to implement. This allows
the study to identify specific attitudes, barriers, and supports that influence teachers’
acceptance and use of virtual labs. They will also focus on teachers’ perspectives about
what types of professional development or institutional support they believe would help
them implement virtual labs more effectively.

3. Sampling: A purposive sample of K-12 science teachers who use virtual labs will be
selected. Teachers will be from a variety of schools or districts to allow for diversity in
responses. Participants will be recruited through social network teacher groups, science

teaching organizations, and available emails in school websites.

The interviews will be audio recorded, and the transcripts will be analyzed using the
thematic analysis method of Braun and Clarke (2006). The data will be coded to identify
recurring themes and patterns related to teachers’ perspective, experiences, and challenges
regarding the use of virtual labs and themes will be analyzed. The themes will be reviewed,
defined, and the report will be presented. The integration of quantitative and qualitative findings
will allow for the triangulation of data, validation of results across methods, and the development

of actionable recommendations that are both evidence-based and grounded in teacher voice.
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Definitions of Terms

The key terms used in this study are:

1.

Virtual labs: Virtual labs are an e-learning tool where activities, that typically take place
in physical laboratory settings, are digitally simulated (Badillo et al., 2020). They provide
an interactive learning experience in various scientific disciplines.

Technology Acceptance Model (TAM): A theoretical model used to understand how
users come to accept and use technology, focusing on two main factors: perceived
usefulness and perceived ease of use (Davis, 1989).

Barriers: Challenges or obstacles that hinder the implementation of virtual labs, such as
lack of training, technical difficulties, time constraints, or curriculum misalignment.
Supports: Resources, training, infrastructure, or administrative assistance that enable or
encourage the use of virtual labs in the classroom.

Mixed-Methods Research: A research approach that combines both quantitative (e.g.,
surveys) and qualitative (e.g., interviews) data collection and analysis to provide a
comprehensive understanding of the topic (Creswell & Plano Clark, 2018).

Professional development: refers to activities and training that are designed to help
teachers enhance their skills, knowledge, and effectiveness in the classroom.

Teachers’ perspective: Teacher perception refers to the beliefs, attitudes, and
understandings that teachers hold about their profession and their role in the classroom. It
encompasses their views on teaching as a job and their understanding of the nature of

science and its influence on teaching and learning.
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Limitations

This study, while designed to offer comprehensive insight into the barriers and challenges
K—12 science teachers face when implementing virtual labs, is subject to several limitations. One
key limitation is the reliance on self-reported data through surveys and interviews, which may
introduce bias due to participants’ desire to respond in socially acceptable ways or due to
inaccuracies in recalling their experiences. The study is limited in scope based on the sample size
and the findings may not be generalizable to all educational contexts. Having a small sample
size may influence the internal and external validity of the study and the findings may not be
applicable to all K-12 educators. The term "virtual lab" may also be interpreted differently by
participants depending on the tools and platforms they have used, which could influence their
responses. Furthermore, because this study does not include a professional development
intervention, conclusions about effective PD are drawn from teacher perceptions rather than
observed outcomes. Teachers may report their experiences or behaviors based on what they
believe the researchers want to hear, leading to potential social desirability bias in survey or
interview responses. The concurrent nature of data collection in a convergent mixed-methods
design may also present challenges if qualitative and quantitative results diverge in meaningful

ways.

Delimitations

This study is also shaped by specific delimitations. It is focused exclusively on K—12
science teachers who use virtual labs in their classrooms and does not extend to educators in
other subject areas. The scope is limited to virtual labs as a form of educational technology,

excluding other tools such as simulations or digital textbooks. Additionally, while professional
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development is an important focus of inquiry, the study does not evaluate the impact of any
specific training programs. It will also focus specifically on the science teacher’s perspective and
experiences excluding other subject areas and educational contexts. The research will primarily
target teachers from New Jersey, potentially limiting the diversity of perspectives represented in
the study. It may limit the generalizability of the findings to other regions or types of schools.
Issues concerning virtual labs, availability of lab materials, student behavior and lack of
participation will not be addressed by this study. The research is guided by the Technology
Acceptance Model (TAM) which serves as the theoretical lens, excluding other potentially
relevant frameworks. Lastly, the methods are delimited to surveys and interviews; classroom

observations or student performance data will not be collected.

Assumptions

Several assumptions underlie this study.

1. TItis assumed that participants will respond honestly and thoughtfully to all questions and
that they possess at least some familiarity with virtual labs, even if they do not use them
regularly.

2. The study assumes that all the teachers who participated in this study have been trained
and certified in the field of science and have the content knowledge and skills needed to
effectively use virtual labs in their classrooms.

3. The study also assumes that teachers have access to the necessary technology (e.g.,
computers, internet) and resources required for implementing virtual labs in their

classrooms.
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4. The study assumes that understanding teachers' perspectives is essential for improving
the implementation of virtual labs in science education.

5. The study also assumes a reasonable degree of consistency in how participants interpret
key terms like "virtual lab" and "professional development," which will be defined in the
research instruments.

6. Lastly, it is assumed that TAM provides appropriate and valid theoretical foundations for
exploring the cognitive, emotional, and behavioral aspects of technology adoption in

educational contexts.

Chapter Summary

This chapter introduced the study which investigates the challenges and supports that
influence how teachers integrate virtual labs into science instruction. The statement of the
problem emphasizes that while virtual labs offer promising ways to enhance inquiry-based
learning and broaden access to science education, many teachers face barriers in implementing
virtual labs, including lack of training, technological limitations, and misalignment with
curriculum goals. The purpose of the study is to explore teachers’ perceptions of these barriers
and supports and to identify what forms of professional development might help facilitate
successful implementation of virtual labs. Grounded in the Technology Acceptance Model
(TAM), the theoretical framework focuses on how teachers’ acceptance and use of virtual labs
are influenced by their perceived usefulness and perceived ease of use. This model provides a
valuable lens for understanding the behavioral, cognitive, and contextual factors that shape

teachers’ willingness to adopt new technologies in their classrooms.



15

The research questions aim to uncover the specific challenges teachers encounter, the
supports they find most effective, and their views on professional development needed to
facilitate the use virtual labs. The significance of the study lies in its potential to inform
strategies for supporting teachers, guiding professional learning initiatives, and shaping policies

that promote effective integration of virtual labs in K—12 science education.

Recognizing the limitations of the study, it does not measure the effectiveness of a specific
professional development intervention and is based on self-reported data, which may introduce
bias. The delimitations include focusing solely on K—12 science teachers and excluding other
stakeholders such as students and school leaders. The study operates under several assumptions,
including that participants will respond honestly and that they have some level of experience or

familiarity with virtual labs.

In summary, this chapter provides the foundation for the research by outlining its rationale,
theoretical grounding, and scope, while emphasizing the importance of teacher perspectives in

understanding how to effectively implement virtual labs in science education.
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Chapter 2: Literature Review

Introduction

With growing emphasis on hands — on learning and the advancement of technology and
digital resources, educators are looking for innovative ways to engage students in science
classrooms. They are exploring the use of virtual labs in science classrooms as a means to
complement or even substitute traditional laboratory work as virtual labs offer a promising
solution for providing students with inquiry-based, interactive learning experiences. However,
despite their potential, widespread implementation remains inconsistent, often hindered by
various barriers. Understanding these challenges, as well as the support and professional
development (PD) opportunities available to teachers, is critical for advancing the effective use
of virtual labs in schools. The body of literature on virtual labs in science education is growing as
more and more researchers are exploring various aspects of their implementation and
effectiveness. This literature review seeks to synthesize and critically evaluate existing research
on laboratory work in science education, virtual labs and their integration, barriers and supports
for technology use, the impact of professional development, and teacher attitudes and the

relevance of the Technology Acceptance Model (TAM) in framing teacher decision-making.

Laboratory work in science classrooms

Science teaching is more hands-on than other subjects and the science curriculum is driven
by taking tests and exams, and the coverage of a lot of topics. By using practical hands -on
laboratory work, teachers are able to improve student’s understanding of the subject and develop
their skills in solving problems by replicating the actions of scientists. Laboratory work is critical
and often lab exams are a big part of the evaluation (Coppens, 2020). The National Science

Teachers' Association (NSTA) in the United States puts emphasis on laboratory experience being
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an integral part of learning and must be included in all science programs (NSTA, 2004). Its

position statement clearly states:

“Throughout the process, students should have opportunities to design investigations,
engage in scientific reasoning, manipulate equipment, record data, analyze results, and
discuss their findings. These skills and knowledge, fostered by laboratory
investigations, are an important part of inquiry—the process of asking questions and

conducting experiments as a way to understand the natural world” (NSTA 2004).

The National Academies of Sciences, Engineering and Medicine, in its 2006 report states

“As a result of laboratory experiences that make science “come alive,” students may
become interested in learning more about science and see it as relevant to everyday life”

(National Academies of Sciences, Engineering and Medicine, 2006).

According to Dziabenko & Budnyk (2019), “ Hands-on laboratory practice is a critical
component in the training instructional design of the lessons across all areas of study, beginning
with kindergarten and continuing through post-secondary education”. They can be used to
develop scientific notations, create models and test hypotheses (Shana & Abulibdeh, 2020).
Traditional science classrooms face many issues like the availability of textbooks, lack of
equipment and resources for hands-on experiments, insufficient information needed to carry out
the experiment (Shana & Abulibdeh, 2020). Other problems that may be encountered can be
training and professional development of science teachers, the need to meet standards and to
prepare students for standardized examinations (Anderman & Sinatra, 2012). There are limited
opportunities for students to develop critical thinking skills and to connect theoretical knowledge

to real world applications. According to Madhuri et al., (2012), “the most important negation of a


https://www.researchgate.net/profile/O-Dziabenko?utm_content=businessCard&utm_source=publicationDetail&rgutm_meta1=AC%3A4445516&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
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cookbook style laboratory is that it doesn't help students translate scientific outcomes into

meaningful learning.”

Virtual labs in K-12 Education

In recent years, the explosion of digital technology has caused science educators to
rethink the traditional process of teaching and redefining the “hands-on” learning experiences
(Flick & Bell, 2000). Teachers need to accept and embrace the internet’s potential in delivering
hands — on interactive experiences that can supplement traditional educational tools (Sotiriou et
al., 2017). As educators try to adapt their teaching methods to meet the needs of diverse learners
and address the limitations of traditional laboratory settings, virtual labs offer a compelling
solution to enhance science education in K—12 classrooms. A virtual lab is an interactive and
practical environment in which students can carry out scientific simulated experiments (Redel-
Macias et al., 2016) as well as improve their abilities, skills, and comprehension of science
concepts. They provide an interactive learning experience in various scientific disciplines, such
as biology, chemistry, physics, engineering, environmental science and many more disciplines.
Virtual labs can simulate tools, equipment, tests and procedures that are used in physical labs
(Badillo et.al., 2020) and help students make connections between science and the real world.
Students can conduct many experiments in a virtual environment without the constraints of
safety, time and other problems faced by real labs. By using virtual labs teachers are better able
to capture students’ attention and ensure their engagement and motivation (Babateen, 2011). The
use of virtual laboratories in science education can provide a safe environment that reduces the
occurrence of real laboratory obstacles, achieves educational goals, and develops expert thinking
skills (Almugbil, 2020) particularly in schools with limited access to physical lab equipment

(Rutten et al., 2012).
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Barriers to Technology Integration

Despite the benefits of virtual labs, many teachers face barriers in implementing them in
their classrooms. These challenges can be categorized into first-order barriers, such as lack of
resources and infrastructure, and second-order barriers, including teachers’ beliefs and
confidence (Ertmer, 1999). Common obstacles include insufficient time, inadequate technical
support, and limited alignment with curriculum standards (Makransky et al., 2020). According to
Kashaka (2024), integrating virtual experiments can be time-consuming for teachers, especially
when they must develop virtual equivalents for each corresponding physical experiment. Hew &
Brush (2007) further identify that systemic factors (such as school culture and administrative
support also influence the extent to which technology is used effectively in the classroom. These
barriers underscore the importance of addressing both logistical and pedagogical concerns when

promoting the use of virtual labs.

Support for Effective Technology Use

Research on technology integration has highlighted several key factors that are considered
essential for achieving effective and meaningful use of technology in educational settings (Inan
& Lowther, 2010). Successful integration of educational technology is more likely when support
is present, including access to tools, leadership backing, professional collaboration, high - quality
professional development and a school culture that values innovation. Inan & Lowther (2010)
emphasize the importance of teachers' self-efficacy and perceived usefulness of technology,
which are strongly influenced by access to professional networks and administrative support.
Dexter, Anderson & Becker (1999) found that teachers who view technology as a vehicle for

pedagogical transformation are more likely to adopt and sustain its use when these supports are
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in place. Additionally high-quality professional training is essential for building the foundational
skills teachers need to effectively adopt and implement new technologies and instructional

programs (Alneyadi, 2019).

Professional Development as a Support Mechanism

Professional development is widely recognized as a critical enabler for effective
technology integration. It plays a crucial role by equipping teachers with the skills, confidence,
and pedagogical strategies needed to effectively implement technology in meaningful ways.
Recent research indicates that professional development and increased familiarity with
technology enhance teachers’ ability to deliver virtual lessons and integrate new digital platforms
effectively (Dolighan & Owen, 2021; Marek et al., 2021). Desimone’s (2009) work supports the
claim that high-quality PD is essential for building teachers’ capacity to implement instructional
innovations, including technology. She asserts that high-quality PD must be sustained, content-
specific, and aligned with educators’ practical classroom needs to produce changes in practice.
Darling-Hammond et al., (2017) found that well-designed PD initiatives not only improve
teacher knowledge but also lead to improved student learning outcomes. Their study found that
ongoing, classroom-relevant PD significantly increased teachers' use of digital tools, which could
include simulations and virtual labs. However, research also suggests that not all PD is equally
impactful as teachers must be able to see the relevance of the content and have opportunities for
hands-on, experiential learning. Understanding how teachers perceive the availability and quality

of PD related to virtual labs is therefore essential to identifying opportunities for support.
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Teacher Attitudes and the Technology Acceptance Model

Teacher perceptions and attitudes toward technology significantly shape whether and how
tools like virtual labs are implemented. The Technology Acceptance Model (TAM), originally
developed by Davis (1989), provides a useful theoretical framework for understanding these
dynamics. According to TAM, the likelihood that a user will adopt a technology depends largely
on two beliefs: perceived usefulness (PU) and perceived ease of use (PEOU). In the context of
K—12 education, if teachers believe that virtual labs enhance learning and are manageable within
their instructional routines, they are more likely to use them. Tondeur et al. (2017) reinforce that
pedagogical beliefs intersect with these perceptions, influencing how technology is adapted in
practice. Additionally, professional development can directly influence PU and PEOU by
enhancing teachers' familiarity with tools, clarifying their instructional value, and building
confidence. Therefore, examining TAM-related constructs in conjunction with teacher
experiences and PD exposure offers a more comprehensive understanding of virtual lab

adoption.

Conclusion

Virtual labs are a powerful innovation in science education, providing accessible,
flexible, and interactive learning experiences. They are essential for helping students build both
conceptual understanding and hands-on skills, making scientific inquiry more inclusive and
engaging for diverse learners (Kashaka (2024). However, the successful implementation of
virtual labs requires careful consideration of technical infrastructure, curriculum design, and the .
The research literature underscores the complex interplay between the promise of virtual labs,

the barriers teachers face, and the supports—including professional development—that facilitate
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successful technology integration. The application of the Technology Acceptance Model (TAM)
adds a valuable lens to examine how teacher attitudes, confidence, and professional development
experiences influence their decisions to adopt and implement virtual labs. It is thus important to
address both practical and mindset-related challenges so that teachers can effectively use virtual

labs and provide meaningful learning experiences for all students.
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Chapter 3: Methodology

Introduction

The purpose of this chapter is to describe the methodology used in this mixed-methods
study. This chapter will outline the research design, the population and sample, the data
collection procedures, and the steps taken to ensure the quality and rigor of the study. This study
employs a convergent mixed-methods design to explore K—12 science teachers’ perspectives on
the barriers and supports related to implementing virtual labs with a particular emphasis on
understanding how teachers perceive professional development (PD) as a means of overcoming
those barriers. While virtual labs have the potential to enrich science instruction through inquiry-
based, interactive learning, their adoption across K—12 settings remains inconsistent. Teachers
play a central role in the integration of educational technology, and their perspectives offer
valuable insight into both the challenges they face and the types of support, particularly PD, they
find meaningful. A convergent mixed-methods approach will be used to capture both the breadth

and depth of these experiences.

This chapter presents a detailed overview of the research design and methodology,
including the study’s population and sampling approach and data analysis. This context is
essential for establishing the study’s framework and acknowledging potential biases and
assumptions that may influence the research process and outcomes. The chapter also outlines the
data collection procedures, providing sample questions for both structured interviews as well as
open ended questions. In addition, a detailed project timeline is included to depict the order and

execution of key research activities.
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Research Design

This study employs a convergent mixed-methods design. Mixed-methods research allows
for a more comprehensive analysis by combining quantitative data and qualitative insights,
which helps to validate and enrich the understanding of the research topic (Creswell & Plano
Clark, 2018). According to Patton (2015), using multiple methods enhances credibility by
allowing researchers to triangulate findings and understand both patterns and meanings. This
approach is particularly important in educational settings where contextual and experiential
factors heavily influence implementation practices. In this design, quantitative and qualitative
data will be collected concurrently, analyzed separately, and then merged to produce a
comprehensive understanding of the research problem. For this research, quantitative data will
be gathered through a structured survey (refer to Appendix A), and qualitative insights will be

derived from semi-structured interviews (refer to Appendix B).

The convergent mixed-methods design is well-suited for this study because it allows the
researcher to simultaneously collect and analyze both quantitative and qualitative data to gain a
comprehensive understanding of the barriers and supports related to implementing virtual labs in
K—12 classrooms. This design is particularly appropriate given the study’s dual aims: (1) to
identify general patterns and trends in teacher perceptions across a broad sample, and (2) to
explore in depth the nuanced experiences and perspectives of individual teachers regarding

professional development needs and implementation challenges.

By integrating both data types, the study leverages the strengths of each approach:
quantitative data offer breadth and generalizability, while qualitative data provide depth and

contextual richness. This approach allows for triangulation, enhancing the validity of the
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findings, and helps to identify areas of convergence or divergence between numerical trends and

personal narratives.

Population and Sample

The population for this study will consist of K—12 science teachers currently teaching in
public, charter and private schools across diverse educational settings (urban and suburban). The
selection criteria will include teaching science in grades K—12 and who have experience using or
attempting to use virtual labs in their instruction. A purposive sampling strategy will be used to
recruit approximately 100 teachers for the quantitative survey to ensure a representative sample
of a larger population (Ahmed, 2024). In the qualitative phase, only a subset of the population
(8-10 participants) will be selected for the interviews (Mack et al., 2005). According to Creswell
& Creswell (2023), purposive sampling is crucial for selecting particularly insightful cases for
in-depth analysis. This approach ensures that the participants chosen will offer significant

insights relevant to the study’s core questions.

Instrumentation

1. Quantitative Instrument: A researcher-developed survey will be developed and
distributed using platforms such as Google Forms or Qualtrics (refer to appendix A). The

survey will include:

o Demographic items (e.g., grade level taught, years of experience, access to technology).
o Likert-scale items related to perceived barriers (e.g., lack of training, technical issues).
o Likert-scale items assessing perceived supports (e.g., administrative support,

collaboration, available tools, PD opportunities).
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e Questions regarding current and desired professional development related to virtual labs.

2. Qualitative Instrument: A semi-structured interview protocol will guide one-on-one
virtual interviews with selected participants (refer to Appendix B). Questions will focus

on:

o Teachers’ experiences implementing virtual labs.
e Specific challenges and supports encountered.

e Perspectives on what types of professional development are most beneficial.

Interviews will be conducted via video conferencing, recorded with permission, and transcribed

verbatim for thematic analysis.

Data Collection

The first phase of this research involves securing approval from the Institutional Review
Board (IRB) at New Jersey City University. Following IRB clearance, teachers will be invited to
participate in the study via recruitment emails that include a link to an online survey developed
in Qualtrics. To encourage a strong response rate, the survey will feature clear, concise, and non-
technical language. Additionally, measures will be taken to ensure participant anonymity and
confidentiality throughout the process (Creswell & Guetterman, 2018). Participants will first
complete the online survey. At the end of the survey, respondents may volunteer to participate in
a follow-up interview. Once eligible participants have been identified, informed consent forms
will be provided, and interview appointments will be arranged accordingly. Interviews will be

conducted via Zoom or a similar platform, recorded with consent, and transcribed for analysis.
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Data Analysis

Quantitative Data Analysis:

The quantitative data collected through the survey will be analyzed using both descriptive

and inferential statistics, using software such as SPSS, or Excel.

1. Descriptive Statistics: As Salkind & Frey (2020) emphasize, descriptive statistics offer
an accessible way to summarize and communicate essential patterns in the data,
especially for researchers and practitioners who may be unfamiliar with more complex
statistical techniques. Frequencies, percentages, means, and standard deviations will be
used to summarize demographic information and responses related to the use of virtual
labs, perceived barriers, supports, and professional development experiences.

2. Inferential Statistics: will be conducted to examine relationships between variables. The
goal is to identify patterns and relationships in teachers' reported barriers and supports.
Examples include:

o T-tests to compare responses based on teaching level (e.g., elementary vs.
secondary).

o One-way ANOVA to analyze differences in perceived barriers among teachers
with different years of experience.

o Correlation analysis (Pearson) to explore associations between the frequency of
virtual lab use and perceptions of professional development effectiveness.

o Multiple regression may be employed as they can be used to understand the
relationship between a dependent variable as a function of one or more

independent variables (Kraemer & Blasey, 2016). In this case it can be used to
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predict virtual lab usage based on key predictors such as perceived support,

confidence, and access to PD.

These methods help determine whether observed differences or associations are
statistically significant and not due to chance. Salkind & Frey (2020) advocate for the practical
application of these tools to make informed decisions and generate actionable findings in real-

world educational contexts.

Qualitative Data Analysis:

Qualitative data will be collected through semi-structured interviews with a smaller,
purposively selected subgroup of survey participants. These interviews will explore deeper
insights into teachers’ experiences, needs, and recommendations. Interviews will be transcribed
and analyzed by thematic analysis method as outlined by Braun and Clarke (2006). Patton (2015)
supports thematic analysis as a way to find common patterns, meanings, and differences in what
participants say. He recommends using an open, flexible approach to coding that allows new
themes to emerge while still focusing on important research questions. Qualitative data analysis
software, such as Atlas.ti or NVivo will be used to uncover recurring themes and patterns related
to implementation challenges, support mechanisms, and professional development needs.
Thematic findings will be confirmed through ongoing comparison across data sources and, when
appropriate, member checking with participants to enhance the credibility and trustworthiness of

the results (Creswell & Guetterman, 2018).
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Data Integration:

Collecting both quantitative and qualitative data from the same participant pool is intended
to produce coherent and complementary insights, even if the sample sizes differ between the two
methods. After separate analysis, the quantitative and qualitative results will be compared and
integrated. Converging findings will be highlighted to strengthen conclusions, while any
divergent or contradictory results will be discussed to explore potential explanations. Special
attention will be given to how qualitative insights explain or elaborate on survey trends—
particularly around the role of professional development as a support mechanism. The study’s
credibility and reliability will be strengthened through data triangulation, enabling a
comprehensive analysis that combines statistical findings from survey data with detailed

narrative insights from the semi-structured interviews (Creswell & Plano Clark, 2018).

Potential Issues

Several potential issues may affect the study. One concern is self-selection bias, as
teachers who choose to participate may be more comfortable with technology or hold
particularly strong views, potentially limiting the generalizability of the findings. Additionally,
because the study does not implement or evaluate a specific professional development (PD)
model, its findings will be confined to teachers’ perceptions rather than objective measures of
PD effectiveness. Finally, the integration of qualitative and quantitative data presents a
challenge, as careful alignment is required to ensure coherence. This complexity will be
addressed through the use of triangulation and reflective analysis to enhance the validity of the

interpretations.



Timeline

Recruitment and consent process: August 2025
Data collection: September 2025- November 2025
Data analysis: December 2025-January 2026
Report writing: January 2026-March 2026

Final report submission: April 2026
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Appendix A: Quantitative Phase — Survey Questions
Link to the survey questions on Qualtrics

https://njcu.col.qualtrics.com/jfe/preview/previewld/14711817-1482-4889-af16-

fde36¢89450b/SV_3ws2P3bocAUgyTI?Q CHL=preview&Q_SurveyVersionlD=current

Section 1: Background Information

1. What grade level(s) do you currently teach?
o Elementary (K-5)
o Middle (6-8)
o High School (9-12)
2. How many years have you been teaching?
o 0-5,6-10, 11-15, 16-20, 21+
3. What type of school do you teach in?
o Public, Charter, Private, Other
4. Have you used virtual labs in your classroom?
o Yes/No
o (Ifyes) How often do you use virtual labs?

= Rarely, Occasionally, Frequently, Daily

Section 2: Barriers to Implementation (Likert Scale: Strongly Disagree to Strongly Agree)

5. Thave access to reliable devices and the internet needed for virtual labs.
6. Time constraints prevent me from effectively implementing virtual labs.
7. Tlack confidence in using virtual labs effectively in my instruction.

8. The virtual labs available are not aligned with my curriculum or standards.


https://njcu.co1.qualtrics.com/jfe/preview/previewId/14711817-1482-4889-af16-fde36c89450b/SV_3ws2P3bocAUgyTI?Q_CHL=preview&Q_SurveyVersionID=current
https://njcu.co1.qualtrics.com/jfe/preview/previewId/14711817-1482-4889-af16-fde36c89450b/SV_3ws2P3bocAUgyTI?Q_CHL=preview&Q_SurveyVersionID=current
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9. Ido not receive enough technical support to implement virtual labs.
10. Student engagement with virtual labs is a challenge in my classroom.
Section 3: Supports for Implementation (Likert Scale: Strongly Disagree to Strongly

Agree)

11. T have colleagues who support or collaborate with me on virtual lab integration.
12. My school leadership encourages and supports the use of virtual labs.
13. T have access to high-quality virtual lab platforms.
14. T have participated in PD related to virtual labs in the past 12 months.
Section 4: Perceptions of Professional Development (PD) (Likert Scale: Strongly Disagree

to Strongly Agree)

15. The PD I have received adequately prepared me to use virtual labs in my teaching.
16. PD on virtual labs was relevant to my classroom needs.

17. Twould be more likely to use virtual labs if I had more PD opportunities.

18. I prefer PD that includes hands-on practice with virtual labs.

19. I would benefit from ongoing support or coaching after PD.

Open-Ended Questions

20. What is the biggest barrier you face when using virtual labs?
21. Describe any PD you have participated in that was helpful for using virtual labs.

22. What support would help you integrate virtual labs more effectively?
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Appendix B: Qualitative Phase — Interview Questions

Link to interview questions form on Qualtrics

https://njcu.col.qualtrics.com/jfe/preview/previewld/774c9e26-3871-4134-bef7-

468a0f064b5¢/SV_50cahlFHYSPLKKO?Q_ CHL=preview&Q SurveyVersionlD=

Introduction / Context

1. Can you describe your experience using virtual labs in your classroom?
2. What motivated you to begin (or try to begin) using virtual labs?

Barriers

3. What are the biggest challenges you’ve faced when trying to implement virtual labs?
4. Are there specific factors—Iike technology access, student readiness, or time—that make
it more difficult?

Supports

5. What supports or resources have helped you implement virtual labs?
6. Are there people or programs in your school or district that have made a difference?

Professional Development

7. Have you participated in any professional development related to virtual labs?

8. How useful was that PD in helping you overcome the challenges you described?

9. What aspects of that PD were most or least helpful (e.g., format, duration, follow-up)?
10. In your opinion, what would ideal PD for virtual labs look like?

11. Do you think professional development has the potential to address the barriers you’ve

encountered? Why or why not?


https://njcu.co1.qualtrics.com/jfe/preview/previewId/774c9e26-3871-4134-bef7-468a0f064b5c/SV_50cahlFHYSPLKKO?Q_CHL=preview&Q_SurveyVersionID=
https://njcu.co1.qualtrics.com/jfe/preview/previewId/774c9e26-3871-4134-bef7-468a0f064b5c/SV_50cahlFHYSPLKKO?Q_CHL=preview&Q_SurveyVersionID=

Suggestions / Reflections

12. What recommendations would you give to school leaders or PD designers to better
support teachers using virtual labs?
13. If a colleague asked you whether virtual labs are worth implementing, what would you

say?
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