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AISHAT OLERE BALOGUN

EXPLORING TRENDS IN THE USE OF VIRTUAL SIMULATIONS IN THE SCIENCE
CLASSROOM: PRESENTING TEACHERS PERSPECTIVES & PRACTICES ON USE,
ACCESS AND DECISION-MAKING

This study explored and presented teachers’ perspectives on the use of virtual simulations and
how their practices reflected this. The main purpose was to foreground teachers' perspectives in
how and why they select simulations. This study aimed to understand when teachers use virtual
simulations, why they use them, how they use them, challenges they encounter if any and if they
have alternatives to the simulations. The qualitative research method using the multiple case
study approach and a descriptive cross case analysis design was used in this study. Data was
collected from two sources namely semi-structured individual interviews, and lesson plans. The
interview responses were analyzed using thematic descriptive analysis while content analysis
was done on the lesson plans. The factors considered in this research included where teachers get
information about the simulations to use, how these simulations are accessed, consideration
while selecting or adopting a simulation to use, how simulations informed the teacher’s
pedagogical decisions, the thought process behind the use of a particular simulation, goals and
approaches for using the virtual simulations. The findings showed that when selecting
simulations, teachers consider (1) Focus on Student type, learning levels and rigor, (2) Accurate
representation, especially the appearance and graphics relevant to the concepts and (3) Ease of
access, use and versatility especially with LMS. The findings also revealed that teachers' source
of information about simulations were mostly from self-search by browsing the internet, social
media and dependence on trusted sources like recommendations from fellow teachers, higher

institutions, professional bodies and federal agencies. Content analysis of the lesson plans
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showed that the teachers seem to emphasize engagement and exploration in the simulation they
use which is reflected in the lessons they design. Deepen understanding by providing
opportunities to connect prior knowledge, apply, practice and reinforce concepts were also
reflected in the lessons. While factors like the type of student and the type of content taught
inform the pedagogical decisions of the teachers. Finally, this study found that while most of the
teachers seem to use and support the use of simulations, caution was advised especially the risk

of misconception based on the illustration or graphics used in the simulations.

(Kyungbin Kwon, PhD)

(Cindy Hmelo-Silver, PhD)

(Boling, Elizabeth, Prof.)
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Chapter 1: Introduction

Technology is always evolving and in science education evolving technology has made it
possible to create more opportunities for learners to interact and model concepts that portray real
life situations. Technology has become one of the necessary supports used by instructors to
deliver instructions, model concepts, increase student engagements and create learning
opportunities. Practical work and experiments and activities are consistently used in science
classrooms to make the students further interact with the topics or concepts in a way they can
build their schema of understanding.

Computer simulations can offer students the opportunity to observe a real-world
experience and interact with it (Sahin, 2006; Nilsson & Jakobsson, 2011; Widiyatmoko,2018).
Effective use of the computer simulation technology medium enhances learning in a science
classroom because it can help facilitate communication, encourages inquiry, increases
opportunity for collaboration between learners and is used to make teaching/instructional
materials.

Problem Statement

While a lot has been written about the use of virtual simulations in the science classroom
(Smith, & Puntambekar,2010; Merchant, 2019, Yilmaz & Hebebci, 2022) we need to know more
about how teachers decide on the type or particular simulation to use. This study aims to
understand when teachers use virtual simulations, why they use them, how they use them,
challenges they encounter if any and if they have alternatives to the simulations. This study aims

to foreground teacher perspectives in how and why they select simulations.



Description of the Study

Previous literature has provided information about why teachers use simulations in
science classroom and the concurring opinion is that teachers use technology to improve student
learning, give the perception of competence, and make their jobs easier in some cases
(Bransford, Brown & Cocking, 2000; Bruce & Levin, 2001; Iftakhar,2016). In explaining the
attractiveness of virtual simulations, Scalise et. al (2011) stated that “with school funding
evaporating, strong educators, school districts particularly in smaller, poorer, rural or more
remote areas view virtual labs as an attractive choice” (p.1051). The availability of virtual tools
has created opportunities for teachers to better engage students using appropriate examples that
may reduce misconception.

Fischer and Dershimer (2020) in a technology workshop designed to teach preservice
teachers about simulations and games, reflected on affordances of digital tools. They stated that
when schools are engaged in the adoption of new curricular standards teachers are often faced
with additional external loads, besides their normal teaching practice which include the use of
new tools and teaching materials designed in response to the changing standards that intend to
foster student learning. Therefore, they made suggestions and recommendations which included;
review educational materials for instructional adoptions, align existing curricula materials
supplementary to interactive science simulations to reform-based teaching and how to develop
standards-aligned instructional materials for virtual experiments (pg. 1, abstract).

Additional external workload is a constant issue especially when teachers have a fixed
amount of time to do so much and prepare students to meet standardized testing deadlines.
Frequently, teachers have to search and explore available options of virtual technology so they

can arrive at the best option to use for their classroom. The perceived gap has been outlined in



the research questions this study aims to answer. This research will hopefully provide
preliminary information and answers for several questions indicated below.

Research Purpose

Well-designed simulations can make lessons more interactive and engaging (Wieman
et.al, 2008; Kiili, et.al, 2012; Anastasiadis et.al. 2018). The success of computer simulations used
in science education depends on how they are incorporated into the curriculum and how teachers
use it (Sahin, 2006; Smetana & Bell, 2012; Develaki, 2017) While a lot has been written about
the use of virtual simulations in the science classroom, we need to know more about how
teachers decide on the type or particular simulation to use.

Alneyadi (2019) examined virtual lab implementation in science literacy and the aim of
his study was to explore views held by 45 middle school science teachers about the nature of
virtual lab implantation carried out by students and its contribution to developing learning. In the
results, teachers stated that virtual labs had positive effects on students’ knowledge, skills,
attitudes and achievements. More than half of the participants agreed that virtual labs could
increase scientific knowledge. However, not all teachers reported using simulations on a regular
basis. In response to what extent the teachers used virtual labs or robotics for practical work, 8
used them on a daily or monthly basis while 51% reported they did not use them at all. Most
teachers agreed that lack of training on how to integrate VL or robotics to lessons was a reason
for non-usage. For example, those who actually used them stated they did it out of their own
initiative and were not directed by the school. Results from this study suggest the need to know
more about why teachers' use of virtual simulations may be poor and limited and the challenges

of using these simulations.



Statement of Research Goals

As a science teacher modeling concepts is a necessary part of what I do because I am
expected to engage students by providing opportunities for them to explore and science scientific
content/concepts. Models are central to any scientific activity and scientists construct and use
models to explore and express ideas about phenomena (Campbell & Oh, 2015). In science, some
of the concepts are very abstract so using models to conceptualize them is required and this is
where the usefulness of virtual simulations come in. The availability of virtual simulations
makes it possible for students to model and experience concepts that would otherwise be
impossible to observe. An example of this is the PhET simulations for chemistry and physics
which is very useful to model the behavior of gas and atomic molecules.

Although I use simulations in various ways in my classroom for student learning but the
type or specific simulation for an activity depends on what I want to achieve and I often
wondered what other teachers consider in selecting which simulation to use. What determines
their choices, where do they get the simulations and how do they use it? After reviewing
previous publications, I felt there were no clear answers to these questions which is what
prompted this study. Knowing the answers to these questions will be helpful to other teachers,

especially beginning teachers within the locality I have selected to conduct this study.

My dissertation focus will be on the use and access of virtual simulations as well as
decision-making about virtual simulations in science classrooms within the K12 educational
system specifically 9th through 12th grade. The purpose of the research is to explore and present
teachers’ perspectives on the use of virtual simulations and how their practices reflect this. Bo,
Fulmer, Lee, & Chen, (2018) explored the perspective of science teachers in Singapore using

simulations in a science class with a focus on how such technological tools could facilitate



modeling-oriented instruction in science classrooms. They found that simulations help students
visualize abstract concepts, understand modeling, and provide greater opportunity for inquiry
which will in turn encourage in depth learning, enhanced critical thinking and understanding of
the concepts in the students. One way to foster exploration in the science classroom is through
the inclusion of opportunities for students to model and apply the concepts manually or virtually

(Smetana & Bell, 2012; Konak et. al, 2014).

This study will explore how teachers describe the use of virtual simulations to model
concepts and provide opportunities for learners to interact with the contents in a science
classroom.

Research Questions

1. What are the considerations that grades 9-12 teachers use in selecting or adopting virtual

simulations in science education?

2. Where do science teachers get information about which virtual simulations they use?
3. What are teachers’ instructional goals and approaches?

4. What lessons do teachers design using simulations?

5. What challenges, if any, do teachers describe with access or use of simulations?



Chapter 2: Literature Review

Simulations are interactive digital learning environments that imitate a real-life process
or situation (Merchant, Goetz, Cifuentes, Keeney-Kennicutt, & Davis, 2014). The availability
of virtual simulations can make it possible for students to model and experience concepts that
would otherwise be impossible to observe. Educational games and simulations, unlike direct
forms of instruction, are experiential exercises (Gredler, 1996; Lantis et. al. 2010; Lowell &
Alshammari, 2019). The availability of virtual tools has created opportunities for teachers to
better engage students using appropriate examples that may reduce misconception.

Computer simulations can give students the opportunity to observe a real-world experience
and interact with it (Sahin, 2006; Buckless et. al, 2014; Koivisto et. al, 2017) Effective use of the
computer simulation technology medium enhances learning in a science classroom because it helps
communication, encourages inquiry, increases opportunity for collaboration between learners, and
is used to make teaching/instructional materials. Bell and Smetana (2008) described computer
simulations as “computer generated dynamic models that present theoretical or simplified models
of real-world components, phenomena or processes which can allow teachers to focus students’
attention while reducing unnecessary cognitive tasks” (p.23). These simulations allow students to
interact with the contents in real world context while learning at their own pace.

Engaging students in a science class often requires a host of activities, which in most cases
comes at a cost in terms of furnishing these physical laboratory spaces. With increased shortage of
educational funds, certain aspects of the curriculum are deemed not immediately relevant, and
enrichment activities that help with reiterating concepts are usually cut from the budgets. This
greatly reduces the opportunities students may have to engage in hands-on science activities.

Hence, simulations can provide cost-effective practice of procedures using virtual apparatus that



in real life could be cost prohibitive (Merchant et. al., 2014).
Technology integration in the Science Classroom

According to Bradford et al (1999) a benefit of focusing on how people learn is that it
helps bring order to a seeming cacophony of choices especially when we consider the many
possible teaching strategies. In a study to examine current beliefs, practices and barriers
concerning technology integration in schools, Hsu (2016) found that teachers with constructivist
beliefs which regards the teacher as a facilitator tend to use technology more often with
language arts teachers integrating technology 90% of the time; social studies 50%; science 30%
and Math 20% (p.36).

With increased internet access, the development and improvement in technology has led
to rapid advances in information and communication technology which is transforming the
learning process (Hirca & Simsek, 2013; Sypsas & Kalles, 2018, Celik, 2021). In the expert
consensus report from the US National Research Council called How People Learn (1999),
technology- enhanced teaching was further divided into simulations, electronic tools, assessment
opportunities and communication environments. Gold & Tobochnick (1996) as cited by Celik
(2021) divided the use of technology, specifically computers in science, into five categories
namely symbolic manipulation, data collection, simulations, numerical analysis, analysis and
visualization. This study will focus more narrowly on simulations that usually include but are not
limited to; animations, visualizations and interactive components (Smetana & Bell, 2012) used in
science classrooms and these simulations usually fall into the groups of virtual or remote
laboratories.

Virtual or Remote Laboratories

Virtual labs provide opportunities for students to learn concepts and manipulate



components in various dimensions by providing graphics, visualization and characters therefore
allowing them to interact in ways a physical lab may not.Therefore, with the improvement and
advances in technology these virtual and remote labs have become helpful alternatives to physical
laboratories (Lai et. al, 2021). Virtual labs that include visualization and simulations of scientific
phenomena can help students develop rich conceptual understanding (Honey & Hilton, 2011, Chao
et. al, 2015). Sypsas & Kalles (2018) conducted a literature review of virtual laboratories in
Biology, Biotechnology and chemistry to find educational approaches concerning the use of virtual
laboratories. They wrote that virtual labs in secondary education especially in biology were used
in some cases to provide examples and experiences before actual physical experiments are
conducted and in others to save cost and enable experiments that could otherwise be difficult to
conduct.

Celik (2021) reviewed the effect of using computer simulations on students' science
process skills and he presented some examples of simulations used in science classrooms. These
examples included PhET, a software free to use and accessed by educators and learners which is
commonly used for most science disciplines although most of the simulations are related to
chemistry and physics concepts. Also mentioned was Algodoo educational software specific to
teaching and learning physics (Celik, 2021).

Celik also wrote that “the teacher is in the center of the teaching and learning process”
(p.25) therefore suggesting that although computer simulations are effective in science teaching,
teachers' opinion should be paramount before any simulation is used. This statement reinforces the
need for this study to present teachers' perspective on the use of simulations in the science

classroom.



Simulation Classification

Simulations used in a science classroom can be classified based on various criteria which may
depend on the description, interface and method of operations. Various authors have classified
different types of simulations, for example, Dunleavy, Dede & Mitchell (2008) classified
simulations based on technological interface into the following categories:

e World- to- the- desktop interface. These require the user to be seated at the device
workstation to complete the work. This is usually solitary by nature and may or may not
allow interaction or collaboration between users. Most computer-based simulations like
PhET, Explore Learning Gizmos, and Biodigital fall into this category. The simulations
mostly used in 9" through 12" grade classrooms fit into the ‘world- to- the- desktop”
category.

e Multi-user virtual environment (MUVE). These usually involve the use of avatars and
allow collaboration between learners or participants. Training simulations fall within this
category.

e Augmented reality (AR) interface. This is a type of mediated immersion that infuses digital
resources throughout the real world, augmenting students’ experiences and interactions
(Dunleavy et. al., 2008, p.7).

Scalise et.al (2011) categorized what he called Science-simulations software into virtual
laboratories and simulations of phenomena (p.1052).

e Virtual laboratories. These types of simulations are presented as on-screen demonstrations,
labs and experiments that are usually performed traditionally in a physical school
laboratory.

They are intended to replicate, and oftentimes replace a physical laboratory, thereby providing the



student the experience on the use of actual equipment without physically touching them (Scalise
et. al, 2011). These types of simulations help students interact with the content and become familiar
with the steps, procedures, equipment and guidelines that often come with participating in the
specific laboratory without the extra complications or time required for cleaning up a physical lab.
e Simulations of Phenomena. These are simulations used to model concepts that are not
usually observable in real time e.g. movement of atomic molecules, rotation of the earth
etc. (Scalise et. al, 2011).
Having the ability to model an otherwise abstract concept may aid the student in understanding
the content and as stated by Bo, Fulmer, Lee, and Chen, (2018) in their article, interactive
simulations can help students visualize abstract scientific concepts. This is consistent with the
views of McElhaney and Linn (2011), who mentioned that “students’ ability to connect virtual
experiments to real-life situations appears valuable” (p. 767).
Other literature classification of simulation includes Virtual reality (VR) which Lai et. al.
(2021) defined as “computer-generated simulations that are three-dimensional, multisensory and
interactive (p.1582). According to Shin (2002) “VR helps learners learn in a virtual class that
transcends geographical boundaries which facilitates constructivist learning” (p.18) and
Bogusevschi et. al. 2020 stated that VR supports interactivity and enables sensorial experiences
(p.1). The advantages of using VR as enumerated by Shin also included virtual hands-on
experimentation and high interactivity although high cost could be a challenge. Deploying
desktop-based virtual reality instruction in schools and colleges not only involves financial cost
but also the efforts to train the teachers to use them effectively (Merchant et. al. 2014 , p. 36). Cost
is the likely reason why simulations classified as virtual reality are not ubiquitous with the 9th

through 12th grade classrooms. According to Lai et. al. (2021), further research needs to be done
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about how teachers incorporate immersive virtual reality in science classrooms.
Affordances of Simulations

What do simulation tools offer, especially to teachers? Previous research has provided
information about why teachers use simulations in science classrooms and the concurring opinion
is that teachers use technology to improve student learning, give the perception of competence,
and make their jobs easier in some cases (Bruce & Levin, 2001). Simulations are used in various
ways by teachers to make the concepts easier for the students to understand. Computer simulations
are good tools to improve students’ hypothesis construction, graphic interpretation and prediction
skills (Sahin, 2006). While skills like interpretation of data are applicable in all disciplines
especially science and mathematics, they are particularly applicable to high school science
classrooms where students are expected to understand and apply the concept of scientific method
which are the core tenets these skills represent.

In a study by Cowie, Moreland, Jones, & Otrel-Cass (2008) the authors noted that teachers
incorporate technology like simulations into the classroom because “the teachers wanted science
and technology to be authentic and relevant to the children’s lives” and “teacher goals for student
science and technology were that student learning should be fun and that students should develop
a positive attitude and interest in both subjects” (p.15). This is consistent with the idea that
simulations are a technology that enables students to relate concepts to what they are already
familiar with while also having fun. Also, since simulations used in the science classrooms are
virtual by nature, they allow students to spend more time exploring the concepts rather than
spending precious learning time on cleaning up stations as is often required in a physical lab.

An example of real-life application of simulations is illustrated using a Koretsky, Gilbuena

& Kirsch (2009) study which explored the use of the Virtual Chemical Vapor deposition (CVD)
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laboratory in a high school level as a model to promote engineering and systems thinking. In their
reasoning Koretsky et. al (2009) mentioned that “simulations based on mathematical models
implemented on a computer can replace the physical laboratory since real systems do not
deterministically adhere to fundamental models™ (p.2). They further touted the benefits of using
virtual simulations by adding that “they simulate complex industrial processes that are not
accessible to students in a conventional laboratory” (p.2). These are all consistent with the
reasoning that incorporating simulations in science instruction help students better interact with
the content and will likely learn better.
Modeling Concepts with Simulations

The availability of virtual tools has created opportunities for teachers to better engage
students using appropriate examples that may reduce misconception. Models are central to any
scientific activity and scientists construct and use models to explore and express ideas about
phenomena (Campbell & Oh, 2015). In science, some of the concepts are very abstract, so using
models to conceptualize them is required and this is where the usefulness of virtual simulations
come in. The availability of virtual simulations makes it possible for students to model and
experience concepts that would otherwise be impossible to observe. An example of this is the
University of Colorado, Boulder product called PhET (originally known as Physics education
technology) simulations. PhET simulations are interactive simulations used in science classes
especially chemistry and physics which are very useful to model the behavior of gas and atomic
molecules. The simulations on the PhET platform enables students to interactively engage in the
manipulation of electrons to illustrate the behavior of atoms and molecules in various conditions
(temperature change, energy levels etc.) depending on what concept is being learned.

Bo et. al. (2018) while exploring the perspective of science teachers in Singapore relating
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to the use of simulation in a science class with a focus on how such technological tools could
facilitate modeling-oriented instruction in science classrooms, concluded that simulations help
students visualize abstract concepts, understand modeling and provide greater opportunity for
inquiry. This will in turn encourage in-depth learning, enhanced critical thinking and
understanding of the concepts in the students. Furthermore, the authors stated that “research has
shown that teaching science with a modeling-oriented approach, particularly with interactive
simulations, will promote student engagement and understanding” (p.1, abstract). Baek, Jung, &
Kim in a 2018 study explored factors that affect facilitation of technology use by classroom
teachers in Korea and their study showed teachers use technology for a variety of reasons mostly
to improve student learning. Based on the studies we can see an overarching concept of using
simulations as a means to allow learners to interact with the content.
Emerging Themes in Affordances of Simulations in Science Classrooms

Several themes seem to emerge especially in the context of why virtual simulations are
used in the science classrooms and multiple studies have provided the perspectives of various
teachers’ pedagogy especially how they use this medium in the classroom. These themes include
Increased Interactivity and user modifications

Using virtual simulations have increased the interactions of the students between
themselves and the content. According to Shin (2002) simulations provide “real-time interactivity
where the computer is able to detect inputs and instantaneously modify the virtual world in
accordance with user interaction” (p.19). The simulations provide the opportunity for learners to
manipulate the content and see the immediate effect. It also increases the control the student will
have over the content. This is especially applicable in the context of honors or advanced placement

classes where the students are expected to be self-directed and motivated to complete complex
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tasks within the assigned time.
Improved student performance because of instant feedback

Scalise et. al (2011) described how students may do better in virtual settings when the use
of such simulations is included as part of the instruction. According to them “students who flourish
in a traditional science-lab setting may also become adept at, and drawn to emerging technologies,
thriving in a virtual setting with its visual cues, instant feedback and self-pacing options” (p.1050).
This makes it seem as if the students have an extra instructor in the class in the form of the built-
in immediate feedback mechanism present in these simulations. The students get immediate
feedback and have the opportunity to repeat the process which will in turn encourage mastery of
the content.
Improved student engagement and understanding

The use of interactive simulations promotes student engagement and understanding. In a
study conducted by Bo et. al (2018) exploring the perspective of science teachers in Singapore
relating to the use of simulation in a science class with a focus on how such technological tools
could facilitate modeling-oriented instruction in science classrooms, they found that simulations
help students visualize abstract concepts, understand modeling, and provide greater opportunity
for inquiry. This will in turn encourage in depth learning, enhanced critical thinking and
understanding of the concepts in the students. According to Bo et. al (2018) “when students learn
deeply, they do not focus on retaining scientific facts but instead seek to understand the
relationships and principles present in the phenomenon of study” (p.3). It also makes visualization,
manipulation and collection of data easier, facilitates active learning and higher-order thinking
(Jonassen 1999 as cited in Baek and Kim 2008, p. 233). The technology in the context of this paper

is referring to virtual simulations.
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Opportunity for curriculum differentiation

Simulations provide the teachers a unique opportunity to adapt the lessons to match
individual student needs. As cited in Baek and Kim (2008), Mooij (2001) claims that information
and communications technology (ICT) serves as a tool for differentiation, providing opportunity
to adapt the learning content, tasks, needs and capability of each individual student (p.233). This
can be further reinforced by the use of simulations such as PhET simulations and 3D Biodigitals
in science classrooms that allow teachers to provide different instructions to each student on what
to complete based on their capability. It should be noted though that the differentiation is based on
the teacher instructions of what the student is expected to do within the simulations.
Knowledge integration

This is a necessary part of what simulations afford to the educational system because they
are tools which allow students to connect new information to prior knowledge, therefore, students
are building a larger array of information (Orey, 2010, p. 281). Simulations provide the learner the
ability to integrate and relate what they already know to new concepts which will expand their
understanding of the concept or subject of study.
Supplementary tools for instructions

Just like most things in education, teachers have to be purposeful when it comes to
selecting simulations to use. According to Cowie et. al (2008) “teachers considered effective
teaching to be hands-on, purposeful, and engaging for their students"(p.16). Simulations allow
teachers to create hands-on and engaging activities for students that allow them to practice skills
that are necessary to be successful in the class. The most appropriate use of computer simulations
seems to be as supplementary tools for classroom instruction and laboratory (Sahin, 2006). Using

simulations as an extension of what is already available for instructions will enable more in-depth
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analysis of the concepts being taught or learned.
Scaffolding

Although not all concepts or students may require scaffolding but having the option for
when is required is comforting. According to Glazewski & Hmelo-Silver (2019) scaffolding allows
learners to accomplish tasks with assistance that they could not accomplish independently. This is
also consistent with what Baek & Kim (2008) mentioned in their paper What makes teachers use
technology in the classroom? Exploring the factors affecting facilitation of technology with a
Korean sample. They opined that “technology can be a tool for scaffolding student concrete
learning (p.233). For advanced learners who can self-direct, greater autonomy is given to use
simulations while more scaffolding is provided for learners that need help assimilating and
applying the concepts. This is especially applicable when the students have varying ability when
it comes to language and cognition.

A study done by Kriek & Stols (2010) on why teachers use a specific type of simulation
(PhET), found that beliefs about the perceived usefulness and the pedagogical compatibility of
PhET have a significant effect on teachers’ attitude towards the use of the simulations in their
classrooms. In another study, the researchers focused on how and why teachers use PhET, and
their findings concluded that teachers chose PhET for flexibility and a variety of learning goals,
primarily: understanding content, science process, and motivation (Price et. al, 2018). Both studies
were specific to one particular simulation (PhET), and more studies need to be done to find out
what teachers' perspectives are on the multiple types of simulations they use.

Challenges and Recommendations
Simulations as tools are not perfect; while they can provide opportunities for learners to

experience concepts that otherwise are too abstract they may not be realistic enough. While
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simulations tend to provide a simplistic version of often complicated situations, care needs to be
taken not to introduce misconceptions or generate misconceptions to the students.

It should be noted that while the inclusion and uses of simulations can offer benefits it may
not be the same across the board with certain challenges cropping up as well as discrepancies
between low- and high-income areas. Songer, Lee, and Kam (2002) in discussing the barriers to
technology-rich science inquiry, stated that “issues like inadequate space and materials, inadequate
time, large class sizes and unreliable internet connectivity are responsible for these barriers. This
was also reinforced by Bo et. al (2018) statement about how implementation of simulations can
sometimes be slow and challenging (p.1). Despite these challenges, science classrooms still
manage to use these simulations to improve instructions and enhance student learning.

The PhET interactive simulations are examples of simulations teachers use to account for
students who are classified as English language learners (ELL) because of the multiple language
options provided by the site, although not all simulations offer these opportunities. For instance,
Biodigital Human is a suite of 3D simulations of the human body. While it is very detailed and
offers multiple opportunities for interaction, it is only available in the English language. This
makes it difficult for it to be an effective tool for English Language Learners in an anatomy and
physiology class.

The use of technology like simulations to enhance learning can often be beneficial to the
students, and the strength of technology-enhanced learning lies in the ability to portray elements
of concepts that cannot be viewed in real time. However, while technology gives us the liberty to
animate these, unfortunately, this also seems to be the weakness especially in the 9th to 12th
grade science classroom because some students might be interested in the flash or the animation

but forget to apply them to the concepts they are supposed to learn.
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In a workshop designed to teach pre-service teachers about simulations and games, the
authors Fischer and Dershimer (2020) stated that “when schools are engaged in the adoption of
new curricular standards, teachers are often faced with additional external loads, besides their
normal teaching practice which include the use of new tools and teaching materials designed in
response to the changing standards that intend to foster student learning” (p.1). The time required
is a constant issue especially when teachers have a fixed amount of time to do so much and prepare
students to meet standardized testing deadlines. Frequently, teachers have to search and explore
available options of virtual technology so they can arrive at the best option to use for their
classroom. When technology needed to run the type of simulation the teachers intend to use is not
consistent with what the district has, it can create challenging situations and more work for the
teachers who might have to go back and review an option that works.

In a study by Yildirim et al. (2020) they sought to know teachers' opinions about the use
of virtual reality (VR) in the classrooms and they found teachers seem to agree that it creates an
active learning environment which improves engagement, individualized learning, and creates
more opportunity for experimentation. Although they mentioned that issues like safety, access,
cost and the technology gaps make the use of VR in classrooms challenging, it could also lead to
self-isolation of the student after prolonged use. This could be a serious issue when the age of
students is taken into consideration because of the fear of what is called internet addiction.
According to Lee, Ko, and Chou (2015) “as senior high school students develop better cognitive
functioning and acquire more Internet experience, their expectancies may become enriched, thus
yielding a more reliable effect of expectancy on their Internet addiction as well as their perceived
attitudes and behaviors regarding online gaming and online social interaction” (p.9). Although this

is general to internet and online access, it is also applicable to simulations since they are virtual in

18



nature. This is a case where a dose of bad seems to go with the good but it is an evolving
technological option for simulations. Further studies are required to be done before analysis, which
is beyond the scope of this study.
Summary

Simulations can make lessons more interactive and engaging. Even though there are a lot
of them out there, some teachers do not know about them, which is indicative of a gap that needs
to be bridged. While a lot has been written about the use of virtual simulations in the science
classroom, much is not known about how teachers decide on the type or particular simulation to
use. Also, much is not known about exactly how teachers know about the virtual simulations they
use in the first place and whether they research it, were they told to use it? Did they see it in a
journal or learn about it from word of mouth? Information like this has become very relevant
especially post Covid-19 when virtual technology has become ubiquitous. While it is great to have
lots of options, it is critically important that we know how teachers know which option is best
suited for their science classroom, which simulations fit best etc. All these questions need to be
addressed by more studies which is the purpose of this dissertation study. To contribute more to

the literature and provide some answers to the questions while filling some aspects of the perceived

gap.
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Chapter 3: Methods

The purpose of this study was to examine teachers’ use of virtual simulations in high
school science classrooms. This study aimed to understand when teachers use virtual
simulations, why they use them, how they use them, challenges they encounter if any and if they
have alternatives to the simulations. Since this study aimed to provide teachers a voice by
presenting their perspectives the qualitative research method was used. This option was chosen
because qualitative research attempts to understand and make sense of phenomena from the
participants perspective (Merriam, 2002) which makes it generally appropriate when the primary
purpose is to explore, describe or explain (Leavy, 2022). Also, the qualitative aspect of the
research method will help with contextualization, interpretation and understanding participants’
perspectives (Creswell & Guetterman, 2019) which will provide likely answers to the research
questions. The following research questions were developed to better understand these
parameters with the hope that the results from this study will provide enlightenment. The
research questions were

1. What are the considerations that grades 9-12 teachers use in selecting or adopting virtual
simulations in science education?

2. Where do science teachers get information about which virtual simulations they use?

3. What are the teachers’ instructional goals and approaches?

4. What lessons do teachers design using simulations?

5. What challenges, if any, do teachers describe with access or use of simulations?

To answer these questions, the following two types of data were collected and analyzed
(a) semi-structured interviews and (b) lesson plans. Comparison of the answers provided by the

participants was done and these were presented using a cross case analysis.

20



Research Design

This was qualitative research using the case study approach and a multiple case study
design. The qualitative method was an avenue to provide an exploration of teachers'
understanding of the use of simulations in their classrooms. It also provided their own point of
view based on their own experience which may be diverse depending on where they work and
the content taught. The aspects considered in this research included where teachers get
information about the simulations to use, how these simulations are accessed, consideration
while selecting or adopting a simulation to use, how simulations informed the teacher’s
pedagogical decisions, the thought process behind the use of a particular simulation, goals and
approaches for using the virtual simulations. Insight into the aforementioned aspects was sought
from the answers provided by the participants.

Context, Participants and Recruitment

A high school in a district in the mid-western United states was used in this study. In the
2023-2024 school year, the school district had a population of about 10,000 students, 34%
qualified for free and reduced lunch, 3.3% English language learners, 16% students with
disabilities and 24% minority population. The school district is a 1:1 device district which means
all students have school issued devices; iPad for elementary and middle school students and

laptops for the high school students.

Teachers in this school use technology for instruction and appear to be very big
proponents of technology enhanced learning. The students use the school issued devices as a
learning tool in most of the classes and they are expected to complete assignments and activities
using these devices. The teachers are expected to use the LMS as the core instructional

components making all course materials available to their students. How effectively these
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teachers use technology in their classroom is also a main point when they are evaluated by the
administrators. They are supposed to show dexterity, effective and seamless integration in their

lesson plans and classroom instructions when using technological like simulations.

A non-probability sampling method called the convenience sampling was used for
sampling because the groups intended for the study were easily accessible and available to the
researcher. The target population used for this study were science teachers who are currently
teaching in the selected high school of the district. Since case studies focus on the idea of a
bounded unit, for this study the bonded unit were the science teachers which aligns with the aim
of the study. Therefore, each individual teacher will be the unit of analysis in this study (Yin,
2017; Bae, 2021) who will be used to explore and present science teachers’ perspective on the
use of virtual simulations. After receiving the IRB approval from the university, approval was
also gotten from the school district prior to data collection.

Participants Demographics information

All 6 participants selected to identify their gender with 3 describing themselves as
females and 3 describing themselves as males. Age related information of the participants were
as follows; 1 was in the 26-35 years old age group, 3 of the respondents were between the ages
of 36-45 years old and 2 were between the ages of 46-60 years old.

Since the participants were high school teachers they taught grades 9th through 12th.
From their responses, 5 of them taught 9th grade, 6 taught 10th grade, 6 taught 11th grade and 5
taught 12th grade. Which means most of the participants taught 11th and 12th graders who
usually take multiple variations (General, Honors or Advanced Placement) of the following

courses; chemistry, environmental science, Earth and Space science or Physics within the school
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district. While all the participants were current classroom teachers, some of them also had

additional administrative responsibilities.

Table 1.

Participants Demographic and Simulation use Information

Criteria Elsa Jasmine Theo Alvin Daphne Simon
Content Biology Chemistry Environmental Biology Physics Biology
Area Earth and Science Chemistry
Space Science Chemistry

Years of Over 20 years  Over 10 years ~ About 20 years About 5 Over 10 years About 20
Teaching years years
Gender Female Female Male Male Female Male
Age Range Above 50 35-45 35-45 25-34 Above 50 35-45
Frequency  All the time Not frequently  Frequently, about Not Frequently Frequently
of using Atleast 2 per  Abouttwicea  7-8 for one frequently Almost 1 per
Simulation  unit semester course every few unit

weeks

2 continuously

throughout the

year

4- 6 times for

extra practice for

another course
How An interactive  Make the extra practice Depends on
simulations componentto  invisible and extra credit class levels
are used introduce a visible to opportunities to

topic

Reinforce a
topic

Follow up lab
activity for
exploration

Deeper
investigation
of a concept or
subject

students, to
allow students
see what
cannot be seen
otherwise in
terms of scale

reinforce the
important
concepts
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Data Collection and Procedure

The data sources for this study were the semi-structured interviews and lesson plans
shared by teachers who volunteered to participate after completing the invitation. The use of
multiple data sources is to establish validity through triangulation of multiple sources of
evidence (Yin, 2002, p. 34; Yazan, 2015, p.146). The various sources of data used for this study
provided the participants with multiple ways to present and share the information necessary to
present their perspectives.
No identifiable data was asked for during the data collection stage and when identifiable
information was noticed, it was removed from the data before saving the documents. Data was
collected for approximately two weeks starting from when the first teacher was interviewed and
when the last individual interview was conducted.

Semi-structured interviews
Semi-structured interviews were conducted to provide an in-depth perspective of

individual teachers in order to know about their instructional goals when using simulations and
how it relates to their practice. After the 6 participants confirmed their participation in the
interview, a zoom link (online conference software) was sent to them. The interview protocol
and a copy of the interview questions were also sent to the participants ahead of time so they
could review them before the scheduled interview time.

Interviews were conducted on zoom with minimal disruption to the participants' work
and life schedule. Permission was gotten from the interviewees before recording the interview
sessions with the video turned off for both interviewer and interviewee. The interview time
ranged from 25 minutes but did not extend longer than 55 minutes. All identifiable information

was removed and the identifiers Elsa, Jasmine, Daphne, Theo, Alvin and Simon were used for
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the participant respectively based on the order they were interviewed. More information about
the participants are included in table 4.

The recorded interview audio was transcribed using a transcription software called
Temi. The transcripts were downloaded and saved on the cloud storage. The original transcripts
were saved but copies were made to allow editing for errors. The transcripts were reviewed with
the recording to correct for mistakes where applicable. The edited transcripts were emailed to
each interviewed participant for member checking to validate the trustworthiness of the data

from the interviews.

Lesson plans
The lesson plans were mostly used to address the research question relating to the goals

of simulation use, the approach the teachers use them for during instruction and the description
of lessons they design using simulations. They were used to provide answers to the questions
what do teachers want to achieve when they use simulations? What lessons do teachers design
using simulations? The results of the content analysis of the lesson plans are reflected in table 6.

These lesson plans represented multiple content areas including chemistry, biology,
physics and environmental science. The data was analyzed to see what is reflected regarding how
the teachers engage students, scaffold lessons, differentiate, demonstrate and allow student
exploration in the various lesson plans they had chosen to share.

Participants were asked to voluntarily submit lesson plans as an example of how
simulations are used in their classrooms. All the participants submitted lesson plans and they
were reviewed for how the simulations are used by the teachers. Any identifying information

was removed and the lesson plans were saved on the cloud storage.

25



The lesson plans were reviewed and analyzed specifically to find relationships and
patterns regarding the goals of the teachers in an attempt to find out what teachers want to
achieve when they use simulation. The content analysis of these lesson plans provided evidence
and understanding regarding how teachers use simulations in the classroom.

Table 1 shows how each data source was collected, data analysis method for data collected,
implication for practice and how it relates to the relevant research question.
Table 2.

Data sources and Analysis of research questions

Research Question Data Sources Data Analysis Implication for Practice
1.What are the considerations that grades 9-12 teachers  Interviews Thematic Other teachers would
use in selecting or adopting virtual simulations in analysis know what others
science education? consider

2. Where do science teachers get information about Interviews Thematic Designers, creators,
which virtual simulations they use? analysis teachers and policy

makers will use this
information for
selection/adoption of

simulations
3. What are the teachers’ instructional goals and Interviews Thematic Goals and approaches
approaches? analysis will help determine when

and how to use a
particular simulation

4. What lessons do teachers design using simulations? Interviews Thematic Provide examples and
Lesson Plans analysis guideline to others to
Content consider when they use
analysis simulations
5. What challenges, if any, do teachers describe with Interviews Thematic Create avenues for policy
access or use of simulations? analysis makers, procurers,

creators and designers of
simulation to learn about
challenges to address.

Data Analysis

This study collected only qualitative data using the two data collection sources mentioned
previously and listed on table 1 (semi-structured interviews and lesson artifacts/plans). The
interview responses were analyzed using thematic descriptive analysis while content analysis
was done on the lesson plans. These are qualitative analysis methods where the researcher takes
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the data (i.e., answers from the semi-structured interviews) and attempts to identify patterns and
or themes (Braun & Clark, 2006). The interview data were reviewed for codes which were
grouped into categories in order to generate themes to analyze the data and the results will be
discussed using descriptive analysis. The purpose of analysis according to Anfara et. al (2002) is
to bring meaning, structure and order to data.

Initial codes were determined deductively based on the research question and the
literature review chapter. These initial codes (predetermined code or apriori) which are
descriptive codes were used as a criterion for data collection and the data collection instruments
(interview protocol questions) were derived based on the codes. Some emergent codes were
derived after a review of the information from the data collected and the table below shows the
specific categories of the predetermined and emergent codes as well as their definition. The

emergent codes are represented in italics in table 2.

Table 3.

Predetermined & Emergent Coding Scheme of virtual simulation use

Definition Codes Category
Where teachers get information Self-research INF (Information)
about virtual simulation From Colleagues

School Mandated

PD Trainings
Social media
Professional Groups/Linkserv
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What teachers consider before
selecting or adopting the simulation
to use

Accessibility
Cost/Subscription

Student type

Difficulty levels/Rigor

Ease of Access & Use
Curriculum Content

Link to LMS

Downloads or Direct Access
Manipulability (Editable Variable
outputs)

Engaging Appearance

Data Collecting capacity
Input and Output Capability
Complexity of variable options
Differentiation

Versatility

CONS (Consideration)

What do they want to achieve when
they use simulations

Engage the students
Scaffolding the lesson
Differentiate instructions

GOA (Goals)

Deepen Understanding
Explore Scientific Processes
Data Collection and processing
Practice Observation

Connect to Prior Knowledge
Practice New Skills

Visualize concepts
Reinforcement

Gain Experience

Conceptualize concepts

How do they use the simulations

Teacher led Demonstration
Student led Exploration
Both

APP (Approach)

How do they determine and
measure learning outcomes of
lessons designed with simulations?

Quantitatively

- Points

- Data
Qualitatively
Explain the concept

LOU ( Learning Outcomes)

Design and develop
Demonstrate

Interpret data

Discussion

Deduce and Analyze data

28



Accessibility

What do they struggle with when Cost

using simulations Technology Malfunctions
Financial Buy in
Scope and Scale

Software Upgrades
Integration with LMS
Device Processing Power
WIFI Bandwidth

CHA (Challenges)

Total control
How much control they have over Partial control
which simulations to use No control

DECM (Decision-making)

The data collected based on these codes were reviewed and larger themes emerged which

identified patterns in the data sets collected. The researcher carefully reviewed the interview

transcripts and created a Google Docs labeled codes, categories and themes which included a

table with four columns. The first column was the predetermined coding scheme as well as

emergent codes when the data was reviewed, the second column was the sentence or keywords

that emerged related to the particular code while the remaining six columns were raw data from

the transcripts. These themes allowed the researcher to divide and categorize the data collected

for better understanding. Table 3 shows the categories, codes and themes derived after

reviewing the interview transcripts.

Table 4.

Emergent Themes after data review

Themes

Categories Codes

INF Self-research

Information From Colleagues
School Mandated

PD Trainings
Social media
Professional Groups/Linkserv

1. Trusted sources from online searches,
universities affiliated sites, professional

teachers or science groups

CONS Accessibility

2. Student type, learning levels and rigor
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Consideration

Cost/Subscription

Student type

Difficulty levels/Rigor

Ease of Access & Use
Curriculum Content

Link to LMS

Downloads or Direct Access

Manipulability (Editable Variable outputs)

Engaging Appearance

Data Collecting capacity
Input and Output Capability
Complexity of variable options
Differentiation

Versatility

3. Ease of access, use and versatility especially
with LMS
4. Accurate representation especially the

appearance and graphics

GOA
Goals

Engage the students
Scaffolding the lesson
Differentiate instructions
Deepen Understanding
Explore Scientific Processes
Data Collection and processing
Practice Observation
Connect to Prior Knowledge
Practice New Skills
Visualize concepts
Reinforcement

Gain Experience
Conceptualize concepts

5. Deepen understanding by providing
opportunity to connect prior knowledge, apply
, practice and reinforce concepts

6. Make concepts accessible by scaffolding,

differentiation and modeling

APP
Approach

Teacher led Demonstration
Student led Exploration
Both

Provides flexibility in instruction (4)

CHA
Challenges

Accessibility

Cost

Technology Malfunctions
Financial Buy in

Scope and Scale
Software Upgrades
Integration with LMS
Device Processing Power
WIFI Bandwidth

7. Time consuming , and Costly
8. Technology malfunctions related to

software, devices and integration

DECM
Decision-

making

Total control
Partial control
No control

9. Trust in teachers experience and content

knowledge prowess
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Chapter 4: Results

The purpose of this study was to examine teachers’ use of virtual simulations in high
school science classrooms. This study aimed to understand when teachers use virtual
simulations, why they use them, how they use them, challenges they encounter if any and if they
have alternatives to the simulations. To better understand the viewpoint of these teachers’ certain
parameters were used as data measures. The parameter considered in this research included
where teachers get information about the simulations to use, how these simulations are accessed,
consideration while selecting or adopting a simulation to use, how simulations informed the
teacher’s pedagogical decisions, the thought process behind the use of a particular simulation,
goals and approaches for using the virtual simulations.

Analysis of Findings

Data from the interview and lesson plans were collected and analyzed. The data collected
were analyzed based on prior established codes as well as emergent codes and larger themes
emerged which identified patterns in the data sets collected.

The interviews were treated as individual cases with the results presented in the form of a
within-case analysis before a cross case analysis was done between the multiple interview data
results. This presented the opportunity to examine findings across the cases to establish
commonalities and differences in the information collected.

Summary of Participants Response to Interview Questions

The participants were very cooperative during the interview process and the answers
from the interview have been reviewed and provided in the table below to show what they
consider when selecting which simulation to use, how they access these simulations, how they

use them and challenges they have faced using them.
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Table 5.

Summary of Participants Interview Responses

easy for students
to manipulate and

Trainings and Prof
Dev

like a lab to explore,
do a deeper

a firewall
or there's a paywall

Participants Consideration Access Uses Challenges Memorable Quotes

Elsa high quality, go on the internet to introduce a topic, you might find something |"If students are unable to figure out

Frequent User |ease of use by and look for free to reinforce a topic but your technology what, what to do on a simulation, then
students, simulations, as a follow up activity [isn't supporting it or there's | they're gonna be less likely to pursue

and you know dive into the activity".

Rarely uses
them

Is the presentation of
the simulation
engaging?

how easy the
simulation is to
understand

with little background
knowledge?

specific scenario or
what sort of goal I'm
looking for, but how,
how easy it is

to collect data

chance to visualize
things that

otherwise are not very
visible at a high school
level

(atoms, molecules)

get carried
away and sidetracked

figure out investigation of an technology malfunctions | "mostly it's, it's just, you know,
activity or a subject looking for a needle in a haystack on
the internet"
Jasmine directly link to the Google search and [ to make the invisible | opportunity for students to |"allow students to kind of see what
Uses them LMS, Self-vetting visible to students be off task can't be seen otherwise"
once Manipulability, Look for PhET since
or twice a whether a student it is Free "I would be looking for those
semester could see numeric University dot edu quantified relationships."
values as outputs sites
from "the American Chemical Society
these simulations, webpage. They have a good set of like
graph these data blog posts where they highlight lesser
points and see trends known simulations that
may not come up in Google searches”
Theo Accessibility Colleagues Class Activities school's WIFI doesn't " I don't do simulations just for the
Frequent User [Cost Teacher groups on | extra practice or even |work well at times sake of them"
Uses them it's effectiveness as a |social media extra credit lack of infrastructure to
every few learning tool opportunities support some "it's just not feasible to do that hands-
weeks because they really plans that you have on with everything"
help with driving Distractions
home " it really it gives me a visual assistant
some important to, to teaching a concept "
concepts
" I think that kind of networking is
really a powerful way to go"
"some students really struggle to
manage their impulse and, and they see
a screen and they think games or
diversions from you
know, from work"
Alvin Appearances Word of mouth giving students a potential for students to "Not because I don't like it or anything,

honestly, it's just implementation time,
making sure I'm utilizing it well"

"And so for me, a simulation in the
interface that actually matters a lot. If
something looks like it's running
Windows 95, chances are kids aren't
gonna like that "

" for example once I found one, then
that kind of sends me down the rabbit
hole of, okay, what else is there, is
there anything else I could design a
lesson around?"

Daphne
Frequent User

depends on the class
level

depends how
advanced the
simulation is

Ease of Manipulation
and not too complex

Social Connections
Teachers from the
same content area
Prof. Learning
Communities

Use for some concepts
that are a little bit
more abstract

or harder to see

At times integrate the
simulations in
conjunction

with hands-on

Cost

"if it's an entry level, like first time
taking physics, I use those simulation
to learn about the concepts

and to be able to go deeper into the
concept. If I use the simulation at
higher level classes, like

advanced courses, I use it to review
previous knowledge"
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" it can create misconceptions just
because a lot of what they see is not
something that they will see normal
life"

"either you pay right a license or you
pay a fee or whatever. So having
access to the simulations, oftentimes it
is just as the limited limitation."

Visualization
Manipulability
Appropriateness for
the class levels
Versatility

Simon
Frequent user

Colleagues
Google search
University websites

For students to gain
experience with
some sort of system or
process

Better conceptualize
how that process
works

Facilitate deeper
understanding of
something already
discussed as a lecture

Lack of control as an
instructor

May not engage students
because it is not as
gamified as they would
like it

" it's something that students have a
hard time visualizing, so it gives them
a visual"

" students can kind of play with the
variables of something or be able to
toggle you know, the way that
something is functioning in the system
to see how the system responds"

"there are some university hosted
simulations that I've used over the
years that are really just coming from
individual professors around the
country and that are being hosted on
the school websites at the different
universities"

Cross Case Analysis

After reviewing the information shared by the various participants a cross case

analysis was required to examine the similarities and differences between the information shared.

This is especially relevant so we can see how various practitioners use the same material for

instruction. The cases were analyzed using various subheadings that were highlighted in the

interview protocols which included (1) Simulation Utilization and Access (2) Lesson Designed

with Simulation (3) Teaching Experience with Simulations and (4) Challenges and Supporting

Systems.

Simulation Utilization and Access

In order to determine the perspectives of the teachers regarding simulation, it has to first

be determined if they use simulations at all in their classrooms, the frequency of using them,

instructional goals, approaches and lessons designed using simulations. To determine what

teachers considered when they use simulations, participants were first asked if they used

simulation in their classrooms and all of them replied with an affirmative response. They were
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also provided the option to further expatiate on their responses and these responses are included
in table 1. The responses showed that some teachers use the simulations in place of wetlabs to
save time on lab set-up while some use a combination of wetlabs and simulations. This was
mainly prevalent in Chemistry teachers who often use physical labs but sometimes use
simulations to teach concepts that are abstract so they needed the students to visualize the

concepts.

The responses also showed that the frequency depends on students and resource
availability. Participants B and C mentioned that they use them but prefer hands-on labs because
their school could afford materials for hands-on labs in their content area (Chemistry). While
Daphne mentioned the preference for using simulations more frequently with advanced students
because of the complicated and advanced nature of some simulations in the content area
(Physics). The more abstract nature of advanced content may make modeling using hand-on-labs
very difficult.

The chemistry teachers interviewed shared that they had adequate materials to run
physical labs so simulations were not really necessary therefore they were only used in certain
situations where students needed to visualize content that would otherwise be invisible to them.
According to Jasmine “So if something's really small or if it takes too long to observe that sort of
thing, then it's really useful to use something like a simulation to model what's happening and
allow students to kind of see what can't be seen otherwise”. This was also echoed by Alvin who
said “ just kind of giving them the chance to see things either they wouldn't be able to see
otherwise or to see the relationship between things”. This means simulations are a great way for
students to explore and interact with concepts in a detailed form by making them appear in a way

they could understand rather than imagining what they may appear to be. Therefore for the
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Chemistry teachers using simulations is not a necessity in their classrooms more like
supplementary materials to use for specific cases.

Unlike the chemistry teachers, the other four teachers who were from a variety of
disciplines (Physics, Biology, Environmental science) were frequent users of simulations and
some of the reasons provided by these teachers for the use of simulations included; as computer
interactives to introduce new topics, to illustrate concepts, reinforce concepts, investigate
processes and relationships as well as follow up lab activity for exploration deeper investigation
of a concept or subject. This meant students taking these classes had a longer exposure to
simulations which could lead to improvements in their investigative and data processing skills
emphasized by the teachers who use these simulations.

The responses from the teachers interviewed were generally favorable towards the use of
simulations with Elsa sharing that “ I think the students really enjoy being in the driver's seat, so
to speak, of their learning...the autonomy of the learning process, especially if it's an engaging
activity.” This was also echoed by Theo who mentioned that during a class activity with
simulation “ it really gives me a visual assistant to, to teaching a concept.” and Simon who said
“I think that it's a more dynamic interactive process than reading a textbook or being lectured

about something.”

While the responses were favorable, some responses advised caution when it came to
selecting simulations. This was explained by both Elsa and Jasmine saying “ a student using their
computer to be off task and doing something else” and “there's opportunity for students to be off
task, you know, because their computers are out.” Daphne further added that “ some simulations
that if you do not clarify certain aspects of the simulation to the student, can create

misconceptions just because a lot of what they see is not something that they will see in normal
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life.” This was a reference to how the teacher will use simulations in their practice, especially
acting as a facilitator who constantly probes the students for understanding of the content as they
use the simulations.

Since all the participants responded they used simulation, they were asked to share where
they usually get information about the simulations they use. All respondents shared that they got
information about simulations from multiple sources including online searches, universities
affiliated sites, fellow educators from training or professional development opportunities and
professional teachers or science groups in link serves or social media like Facebook. According
to Jasmine “ I Google.” <laugh>, like the topic that [ want to have students be able to manipulate
and oftentimes they already have simulations already exist.” This was also echoed Simon who
added that “I do a lot of Google searching for this sort of stuff to try to find good things.” Other
teachers emphasized the importance of using colleagues and professional development as a
source for which simulations to use. According to Theo “ I think that my fellow teachers are a
better resource for that.” Also, Daphne said “ I talk to all the teachers that we teach the same
content, and they talk to us or talk to me, or we talk about among ourselves, like, oh no, I use this
simulation.”

Lesson Designed with Simulation
After reviewing if the participants use simulations and how frequently they use them the

focus will now be placed on specifically what type of lessons these teachers design using
simulations. What are the goals, approaches of these teachers and how the learning outcome is
determined or measured. The rationale behind their chosen simulation was further explained
when they were asked to describe their approach for using simulations. All of the teachers seem
to prefer to use simulations for students to explore concepts as was indicated in table 6. This

meant they would prefer to assign the simulation as a lab for the students to complete as part of
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the class activities for the concept more frequently rather than use them as a demonstration for
the concept. This becomes more apparent with the content analysis of the lesson plans they
shared which showed all the teachers provided worksheets for students to complete as they
explored the simulations and completed the activity they were given.

The submitted lesson plans were analyzed to determine the goals and approaches of the
teacher who chose to submit plans. The results show that most of the teachers do not use the
simulations for student engagement rather they are used for student exploration of the concepts
which was consistent with the results shown in table 6. Of the 6 lesson plans, 4 had evidence of
its use for student engagement while all 6 showed evidence of student exploration. Although
there was evidence of teacher demonstration in 1 out of the 6 plans, it was evident that they seem
to use the simulations to allow the students to manipulate and model the concepts on their own
with the teacher likely acting as a facilitator. Although instructions are usually provided to the
students to start the process, the focus was on the students completing the majority of the
activities themselves even in cases when a teacher led approach is used. This showed the
students were allowed to manipulate the simulations on their own to experience the process and
be familiar with the contents. Other goals for the simulation lessons included engaging the
student, scaffolding the lesson, differentiating instructions, data collection and visualization of
concepts.

There was evidence of scaffolding in 5 out of the 6 lesson plans and only 1 out of the 6
plans showed an opportunity to differentiate for students. From the results presented in table 6,
we can deduce that these teachers seem to emphasize Visualize and Conceptualize concepts,
exploration, scaffolding, Data Collection, data processing and engagement in the simulation they

use for these lessons while differentiation and teacher demonstration are not emphasized.
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When asked about the learning outcome of the simulation lessons they plan, especially

what approach they would use for students to learn best, the teachers had varied answers. Elsa

shared that their instructional goal was “to deepen understanding and also to explore scientific

processes through the role of an investigator in setting up different scenarios and collecting data

and processing data”. Their shared lesson showed evidence of this because it had the opportunity

for the students to explore on their own and complete the task although the teacher provided

some scaffolding. The learning outcome was the completed worksheet they were given by the

teacher with guided questions the students were supposed to answer and these were graded for

accuracy and completion. While Alvin said “if they do already seem to have kind of an idea of

what it is we're talking about hopefully the simulation just reinforces that”. This was reflected in

their lesson example that seems to emphasize reinforcement of prior knowledge and applying

them in new situations as seen in the table below.

Table 6.

Content Analysis of lessons designed by Teachers using simulation showing Instructional
Goals, Approaches and Learning Outcomes

Criteria

Lesson Plans

Elsa Jasmine Theo Alvin Daphne Simon
Student Gas Balancing Factors Law of Universal ~ Cell
Exploration: Behavior Lab ~ Equations Affecting Gravitational Lab ~ Membrane
Plants and Average Simulation
Snails Global
Temperature
Engage the Prior Prelab section  N/A Prior N/A Allows the
students instruction on  with teacher instructions students to
what to do in to recap and change
the activity concepts background amounts of
section components
provided and see the
Goals: What Opportunity response
do they want given for
to achieve Q&A before
when they starting
use
simulations Scaffolding the ~ Warm up Divided into Lesson moves Simulations Simulations N/A
lesson section different through move move
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including sections each ~ multiple sequentially sequentially from
vocabulary covering a sections from random changes
concept from  starting from wavelengths in mass to
the simplest observation to absorption  determining the
Images used h Iudi d albed thematical
to specify to the most concluding and albedo mathematica
actions complicated with a game relatlonshlpb
. between variables
required
and
proportionality
Differentiate N/A N/A 3 game levels N/A N/A N/A
instructions available,
students can
move from
level to level
based on
understanding
Data Instructions to ~ Tables N/A Tables Use ox excel to Manipulating
Collection and  manipulate provided to provided to graph and buttons to
processing variables collect data collect data establish trend adjust the
lines based on variables
Tables Sections data collected
. . from the
provided to provided for . .
. simulation
collect and graphing
analyze data
Visualize and  Use of Images Reminders Tables Emphasis on Empbhasis on Emphasis on
Conceptualize  to reflect the provider provided to explanation description and explanation
concepts lab about how to illustrate and reflection  explanation of
represent the equation relationships
concepts completion between variables
Sections
provided to
include
illustrations of
particles view
Approach Teacher N/A Reference to N/A N/A N/A N/A
How do they = Demonstration the textbook
use the for helpful
simulations information
Students Students work  Step by step Students work Step by step Students work The activity
explore through the instructions through the instructions through the goes straight
simulation on how to simulation on how to simulation into modeling
themselves explore the themselves explore the themselves while  and assumes
while concepts and  while concepts and ~ completing task the learner
completing manipulate completing task  manipulate related to the already know
task related to  variables related to the variables concepts the concepts to
the concepts concepts apply
Learning Complete the  Complete the  Complete the Complete the ~ Complete the Explain what
Outcome worksheet worksheet worksheet worksheet worksheet happens when
providedand  providedand  provided and provided and  provided, use changes are
answer the answer the answer the answer the excel to graph made in the
questions. questions. questions. questions. data and answer various
the questions. variables
Assessment Graded for Graded for Graded for Graded for Graded for Graded for
Accuracy and  Accuracy and  Accuracy and completion Accuracy and completion
completion completion completion completion
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Teaching Experience with Simulations
The main purpose of this category is to present a comparison about expectations and

reality of teaching with simulations as shared by the teachers. The teachers were asked to share
how their experiences in using simulations had compared to their expectations when they started
using the tools. Most of the responses were related to the appearance of the simulations and how
effective they were as instructional tools. According to Elsa “ I expect simulations to be high
quality and good, and sometimes they're not. Sometimes it's very low quality, poorly executed
software.” When asked to expatiate they discussed how a dichotomy may occur where the
graphics are bad but the content is great or vice versa, saying “sometimes the content can be
really good, but the, the simulation itself does a poor job of demonstrating it...Or a poor job of a
student who's a novice, being able to understand what the simulation is showing you.” This could
allude to the issue of poorly executed graphics or software which could create misconception in
student understanding based on how the features represent variables in the activities.

For Jasmine their experiences have matched the expectations so far adding that “maybe
the availability and the increase, recent increase of availability of simulations, like within the last
five years has been delightful.” The satisfaction with simulations based on comparing their
experiences and expectations was also echoed by Alvin and Daphne. This seems to suggest that
the simulations used by these respective teachers have met their criteria for what they wanted to
use the tool for in their classrooms.

In discussing the effect they feel simulations have had on their teaching Elsa said “It
allows me to appreciate simulations, especially those based on labs that I could never have the
lab gear or equipment ... .all the moving pieces in the right place for students to have an authentic
learning experience.” Also, according to Jasmine “ it gives me the opportunity to facilitate

discovery in ways that traditional laboratory exercises are not always able to.” Therefore we can
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assume that simulations provided these teachers with another medium to create learning
experiences that would otherwise be impossible for the students to use for learning which makes
it possible for the students to enjoy a richer learning experience.

Challenges and Supporting Systems
All the teachers agreed on some factors that were brought up and indicated as

likely challenges of using simulations included technology malfunctions, loss of connectivity,
cost of procuring a robust simulation, bandwidth, RAM storage capability of the devices
(especially student devices), accurate representation , appearance and graphics of the
simulations. These challenges seem to be well noted within the school and district but according
to Elsa “the biggest obstacles I have are our administrators' financial buy-in software investing in
the technology that allows our students to learn at a different pace and, and a different depth and
scale.” This introduced the rationale of how administrators could support the teachers in
addressing the challenges they face in this particular school.

Elsa further expounded that “They promote an idea and then the school corporation
doesn't pay for it.” They further proposed that teachers should be asked what they want or need
and let teachers be prominent when the best resources are being procured. In reiterating the
challenge of cost and accessibility, Daphne said “these simulations cost money and we don't
have access to it, because either you pay right a license or you pay a fee or whatever. So having
access to the simulations, oftentimes it is just as the limited limitation version.”

This was also consistent with Jasmine who shared that “ if I had endless tech support and
money, [ would probably be asking my school corporation to pay for subscriptions to paid
simulations and asking for some kind of ease of support and ease of integration with my LMS.”
Thereby illustrating the lack of support technological or financially when it comes to simulations

they use. This could be regarded as a loss of opportunity for the school or district to provide
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uniform resources for teachers so all students could be exposed to the same rich learning
environment irrespective of their teacher or the school they attend in the district.

While it may seem stressful and problematic to handle some of the situations discussed,
all the teachers were supportive and were staunch proponents of the use of simulations in
classrooms. While asked to give recommendations or advice to beginning teachers about
simulations, one thing that was consistent was their unanimous support for teachers to use

simulation.
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Chapter 5: Discussion and Conclusions

This chapter discusses and summarizes the results of the study in the context of the
research questions stated earlier. In this chapter, prior studies related to this topic are reviewed
while comparison is done to identify similarities and differences with this study as well as other
previous research studies mentioned. Also in this chapter, implications for practice are drawn
from the results, limitations of the study are discussed and future directions for the research are
recommended. Finally a conclusion is reached by reiterating the findings and results to provide
answers to the research questions asked.
Summary of the Study

The purpose of this study was to examine teachers’ use of virtual simulations in high
school science classrooms. This study examined when teachers use virtual simulations, why they
use them, how they use them, challenges they encounter if any and if they have alternatives to
the simulations. The parameters considered in this research included where teachers get
information about the simulations to use, how these simulations are accessed, consideration
while selecting or adopting a simulation to use, how simulations informed the teacher’s
pedagogical decisions, the thought process behind the use of a particular simulation, goals and
approaches for using the virtual simulations. This study used semi-structured interviews and
lesson plans as data collection sources to ascertain the responses from teachers who volunteered
for the study.

Since this study aimed to provide teachers a voice by presenting their perspectives, the
qualitative research using the multiple case study approach and a descriptive cross case analysis
method was decided upon because qualitative research attempts to understand and make sense of

phenomena from the participants perspective (Merriam, 2002). Data was collected from the
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interview responses of the 6 respondents who volunteered for the semi structured interviews
conducted. Qualitative data was presented to assist in answering the following research questions
developed to better understand the parameters mentioned previously with the hope that the
results from this study will provide enlightenment.

Research Questions

1. What are the considerations that grades 9-12 teachers use in selecting or adopting virtual
simulations in science education?

2. Where do science teachers get information about which virtual simulations they use?

3. What are teachers’ instructional goals and approaches?

4. What lessons do teachers design using simulations?

5. What challenges, if any, do teachers describe with access or use of simulations?

The analysis was centered around the research questions which were the guiding
questions for this study. The findings are discussed below to answer the research questions using
the categories from which specific themes were derived.

Research Question 1

What are the considerations that grades 9-12 teachers use in selecting or adopting virtual
simulations in science education?

The data collected indicated that teachers use simulations but before they decide to use a
particular type they have to justify a rationale behind the use which gives an insight into the thought
process behind the use of a particular simulation, one of the factors considered in this study. The
study results found that when teachers consider adopting a simulation they first need to decide why
use a virtual simulation rather than do hands-on labs. This can also be regarded as an extension of

the findings of Merchant et. al., 2014 who wrote about the cost differential between using physical
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labs compared to virtual labs thus further reinforcing their findings that simulations can provide
cost-effective practice of procedures which could be costly in real life. This further reinforces the
findings of Scalise et. al (2011) that less school funding makes virtual simulations an attractive
choice. It would likely be less expensive to use a virtual simulation for a demo compared to setting
up a physical lab for certain concepts thereby increasing the efficiency of the teacher. While the
results showed this to be the case for some teachers but not necessarily the case for others in the
chemistry content area. Some teachers prefer to use hand-on labs rather than simulation because
they have the time and resources to run the necessary lab and they would prefer the students
experience a real life like lab to understand the concept rather than a virtual option. This is
consistent with the findings of Alneyadi (2019) when they examined virtual lab implementation
in science literacy and mentioned that not all teachers reported using simulations on a regular basis.

Although the teachers interviewed used simulation, it is worthy to note that some,
especially the physics and chemistry content teachers prefer to use hand-on labs rather than online
simulations while the biology and environmental science teachers prefer simulations. An article
by Ouabhi et. al. (2022) discussed the views of Moroccan teachers of physics-chemistry, Life and
Earth Sciences regarding the use and effectiveness of PhET in their classroom. Their findings
showed that most science teachers use the investigative approach when using interactive
simulations in the classroom which emphasizes the acquisition of knowledge and know-how of a
technical or methodological nature (Pg. 10). This is consistent with what was shared by the
teachers in this study, they all seem to use the investigative approach irrespective of the inclusion
of simulations or absence of simulations in their classrooms. While the approach may be true for
all the science classrooms mentioned, biology and environmental science classrooms may require

more because of the concepts usually taught in these classrooms. Concepts like climate change,
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Natural selection, and Evolution may require modeling that shows long term changes which cannot
be effectively shown in a classroom with hands-on lab. In their discussion of how model based
instruction (MBI) as a scientific practice that can promote scientific and systems thinking in
students, Wilson et. al. (2020) stated that “models can transform the student experience from the
static into the dynamic, the flat to the 3D, and siloed to integrated” and ‘’they learn to represent
and reason about biological systems that are dynamic, multidimensional, integrated, and complex
(Pg. 5)”. The use of simulations is a perfect example of providing the opportunity for students to
model and interact with the content to provide a rich learning experience while promoting critical
and systematic thinking.

The dichotomy in the use of simulations might unfortunately result in a situation which
could cause disparity in technology use and proficiency amongst students based on the classes they
take. The study found that implementation of simulations as a tool was rare in the teachers who
taught chemistry because they preferred doing hands-on labs compared to virtual labs. This was
interesting to note specifically because the teachers shared that they could afford the materials for
the labs so a virtual lab was not a necessity.

For the particular school it was likely because the funds were available to purchase the
materials required and they already had a well established chemistry classroom laboratories that
made teaching the content area of chemistry with a focus on hands-on labs easy to do. This seems
to be because of the availability of materials and resources in this particular district thereby
suggesting that some teachers may prefer to use online simulations mostly because of
unavailability of resources. In a study by Oladejo et. al. (2021), they explored the effectiveness of
computer simulation for secondary chemistry students and the study found a statistically

significant difference between the performance of students taught using computer simulation and
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those taught with the traditional lecture method (abstract). Their findings outlined the advantage
of using simulations for student learning but it should be noted that the study population especially
in the aspect of socioeconomic status were very different compared to the school used in this study.
A comparative study of science teachers in affluent districts versus those in non-affluent districts
should shed light on this situation, this is an area for further research which is beyond the scope of
this current study.

Consideration in selecting or adopting simulations in a science classroom

Focus on Student type, learning levels and rigor. From the results some of the factors
that were mentioned that had an influence on the pedagogical decisions of teachers with regards
to simulations was the type of student, learning levels of the students being taught and the rigor.
According to one of the teachers interviewed, they preferred to use simulations for students in
advanced classes rather than in the lower level class. For instance, they would rather provide a
simulation for an AP physics class on pulley systems but run a hand-on class lab for a general
level physics class. They have noticed this reduces the rate of misconceptions. This now
introduces a dynamic that will portray a teacher of a general level physics class as rarely using
simulations but a higher level class frequently using simulations. Daphne mentioned that “ The
driver always is the level of exposure that they had to physics already. So if they have no
previous exposure, I try to have physical models. If they already have a little bit of knowledge or
experience with those concepts, then I can have either more technology involved in the setup or
maybe have a simulation”.

Accurate representation, especially the appearance and graphics relevant to the
concepts. The results showed that when teachers select simulations, relevance to the concepts

they teach is a great consideration. In a study by Burgin et. al. (2018), they explored the use of a
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visual molecular dynamic tool in modeling proteins in biology classrooms and one of their
conclusions was “ the students developed a more sophisticated understanding of models during
an instructional unit on proteins that employed the use of an authentic modeling tool (Pg.235)”.
This was likely due to the accurate representation of the concepts including the structure of the
components necessary for the students to create the model based on the criteria provided which
reinforced one of the findings in this study.

A teacher shared that they select specific simulations to fit with the particular concept
they want to illustrate, using the statement “I like to use a lot of simulations when some
concepts are a little bit more abstract or harder to see.” They used the example of teaching
electricity and the circuit to explain how students cannot see the flow of electrons but a
simulation will show the flow of electrons which cannot be observed in real life. Therefore
knowing their students, how they learn and the best way to present the information to facilitate
learning can be regarded as a major consideration for the teachers before selecting a simulation.

Some of the teachers mentioned how misconceptions can occur while students are using
simulations and advised that the teacher has to be aware of this all the time so they can handle
any situation that comes up. According to Daphne “ It also depends on the actual simulation
because as I said, there's some simulations that if you do not clarify certain aspects of the
simulation to the student, it can create misconceptions just because a lot of what they see is not
something that they will see in normal life.” Accurate representation , appearance and graphics
were shared as some of the reasons simulations may be chosen but they could also contribute to
misconception on the part of the student. It could be deduced that if the appearance and graphics

are not well defined or explained students might get the wrong idea about the concept. The
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findings suggested that the best practice will be for teachers to facilitate students when they use
these simulations so misconceptions can be promptly identified and resolved.

Ease of access, use and versatility especially with LMS. The results suggest that
teachers consider accessibility when selecting simulations. Accessibility in this context was
described from multiple perspectives including how easily the simulation could be accessed via
computers, mobile devices etc. and as well as the cost of procuring the simulation. With devices,
especially mobile phones becoming ubiquitous, it makes sense for teachers to select a simulation
students can easily use on their mobile phones. This creates a situation where an already existing
tool is used for instruction which could also reduce the incidence of unauthorized mobile phone
usage during classroom instruction and could contribute to effective classroom management.

Other considerations included the flexibility that comes with incorporating a simulation
into lectures, embedded into presentations which also allows for asynchronous learning. They
would consider how the simulation can blend and be incorporated into the existing technology and
materials they already use. An example mentioned was the ability of the simulation to be merged
or embedded in the learning management systems, according to Jasmine “ I would probably be
asking my school corporation to pay for subscriptions to paid simulations and asking for some
kind of ease of support and ease of integration with my LMS.” This is a reasonable expectation
so students can access it directly instead of going to multiple pages to access the content which
could be tiring or disruptive. Another advantage would be for students to work and use the
simulations on their own to reinforce what they have learned with the least amount of help from
another person.

The results also suggested that teachers select simulations based on how it can easily be

understood and manipulated by both teachers and students. Some teachers discussed how they use
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certain simulations to portray very advanced and abstract concepts which may not easily be
illustrated using a hands-on lab therefore making the concepts easily accessible to students. This
could be regarded as a necessity because students need access to their learning tools which they
can easily manipulate to learn the concepts. Having issues with accessibility of the content may
introduce a stressful situation where the students are focused on getting the simulation to work
properly instead of learning the concepts required. Which could cause a challenge of too much
focus on the learning tool rather than on the learning the tool is supposed to provide.

Research Question 2

Where do science teachers get information about which virtual simulations they
use?

Trusted sources from online searches universities affiliated sites, professional
teachers or science groups. According to the study results, information choice seems to be more
prevalent by getting information from self-search and recommendation from other teachers
within the schools or district professional development attended by the teachers recommended by
the school or district. Results from the study showed that when participants were asked how
they access simulations the response was they often found the simulations online by themselves
and it was mostly free. When asked to expound on exactly what sources could be regarded as
self-research, the options they shared were often browsing the internet and sometimes from
social media. The responses also suggested that social media has emerged as a good source of
information about which simulations to use.

The results indicated that teachers mainly search for simulations on their own by
browsing the internet using their personal preference and also from what was described as

“trusted sources” to get simulations to use. These trusted sources were often from higher
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institutions, professional bodies and federal agencies. These could be regarded as trusted because
they are often regarded as stakeholders in education and have a role in content creation that are
usually taught in these classrooms. According to Jasmine ““ I'll look for dot edu sources.
Oftentimes professors have made them themselves.” This gives credence to the idea that other
institutions like universities are viewed as credible sources for simulations they would like to
use. While this is a wonderful opportunity to extend the research and information available in a
higher institution to high school students, it could also raise some challenges like the simulations
being too complicated for the students to understand. This is where it is recommended for
teachers to review, use and demonstrate the simulation before students use them so issues like
this could be avoided.

What was apparent from the results was the level of control the teachers had over which
simulation they use and this is understandable since they mainly self search for these tools.
During the interviews some teachers shared how the teachers are professionals who know their
content therefore it is expected that they should be the best people to determine what tools will
work best for their classrooms. So it is not surprising that they have total control over the
simulations to use.

The results of this study showed that teachers mostly get the simulations they use through
self search which means they devote an amount of time to this search. We should be cognizant of
a likely challenge of time constraints teachers may face when it comes to classroom preparation.
This sort of challenge could be resolved if there were easily accessible sites teachers could go to
that contains information about most simulations and these sites are proctored by sources trusted
by the teachers. Although till date this author is aware of only one source that actually lists

websites that could be used by teachers and it is a blog by Cotten Tech Coach which most
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teachers may not be aware of. A detailed review of available resources will be needed to see if
more of these sources already exist, how to access them and share the information with other
teachers, this could be the next tangent for this research study.

Research Question 3 & Research Question 4

RQ 3 What are teachers’ instructional goals and approaches?

RQ 4 What lessons do teachers design using simulations?

The study results showed it made more sense to discuss both research questions 3 and 4
together because the instructional goals and approaches are an important part of the lessons
designed by the teachers. This allows the results to be discussed in context of the goals and
approaches for the lessons they design.

Deepen understanding by providing opportunities to connect prior knowledge, apply,
practice and reinforce concepts. In reviewing the results of the study, it became apparent that
teachers tend to select simulations that facilitate engagement and participation in the classroom.
This reiterates the findings of Bo, Fulmer, Lee, & Chen, (2018), Smetana & Bell, (2012) and
Konak et. al, (2014) that simulations provide greater opportunity for inquiry which will in turn
encourage in depth learning, enhanced critical thinking and understanding of the concepts in the
students. Some of the statements shared by the interviewed teachers mentioned how they deem it
a necessity for students to deepen their understanding of the concepts being taught by using
simulations to illustrate and reinforce these concepts while providing opportunities for the students
to investigate processes and relationships. According to the teachers, the level of engagement
increases when simulations are used as part of the activity so this is something they have to be
cognizant of when selecting which simulation to use. Therefore the selected simulation has to
enable the students to manipulate the variables as they are engaged in activity rather than listen to

what a teacher described as “static information”.
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Make concepts accessible by scaffolding, differentiation and modeling with an
approach that provides flexibility in instruction. The results from the lesson plans and the
interviews showed that the teachers tend to focus on opportunities for the students to be engaged
by modeling and practicing the concepts when designing lessons that use simulations. From the
content analysis of the lesson plans, the teachers seem to emphasize exploration in the simulation,
student engagement, data visualization, data collection, and scaffolding but differentiation and
teacher demonstration were not emphasized. This was echoed by multiple teachers during the
interviews. This is consistent with the findings of Sahin (2006) who mentioned that the most
appropriate use of computer simulations seems to be as supplementary tools for classroom
instruction and laboratory. Teachers seem to use the simulations as tools to extend what they
already use in the classroom while providing more opportunities for the students to engage with
the content.

Previous researchers have shared that the success of computer simulations used in
science education depends on how they are incorporated into the curriculum and how teachers
use it (Sahin, 2006; Smetana & Bell, 2012; Develaki, 2017) and the findings in this study support
this claim. Amongst the responses that were provided, creating opportunities for students to
explore concepts was more emphasized by the teachers. With some sharing that they create
lessons that would engage students and give them opportunity to explore the content as well. The
results also indicated that these lessons are often assigned as student-led activities whereby
students manipulate the simulations and have some control over their learning pace.

Research Question 5

What challenges, if any, do teachers describe with access or use of simulations?
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Technology malfunctions related to software, devices and integration. Other studies
(Bo et al., 2018 & Ben Ouabhi et al., 2022) have shared that challenges often faced with the use of
simulations in classrooms include lack of materials, inadequate training for teachers to use the
simulations and no time to effectively use the simulations, so all these contribute to challenges
teachers face which could attribute to the hesitancy in using simulations. A study by Bo et. al.
(2018) presented the perception of Singaporean secondary science teachers on the use of
interactive simulations and some of the challenges they shared were that “the limited materials in
simulation software were still restricting the potential adoption in class, especially the materials
matching the specific context of the Singapore science curriculum (Pg. 558)”. These findings are
echoed and supported by this study which showed that while teachers have authority over what
simulations they use, a challenge seems to be the existing technology and materials, especially
devices the teachers will use to run the simulation. The challenge in this situation is when a teacher
prepares their lesson plan and activities using a simulation but the simulation may not work with
the devices used in the classroom probably due to program or software incompatibility. Although
Fischer and Dershimer (2020) discussed the issue of additional workload for teachers in the context
of the adoption of new curricular standards, the results of this study suggest that teachers workload
can also increase because of incompatibility of new technology to their current curriculum.

From the student perspective, some simulations might require downloading onto
their devices which could be problematic since this particular school and school district does not
allow students the access to download certain materials to their school issued devices. This could
cause some challenges for the teachers and impact the ability to complete the activity if the
download is required before the program works. Although this school has tried to avoid this issue

by creating a repository of apps approved by the district that teachers would be using in their
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classes. Students are expected to download the required app directly from this repository when
they need it for classes. The only challenge with this is when a teacher discovers a new simulation
they would like to use and it is not included in the existing database, it becomes a challenge to
incorporate into their classroom.

Suggestion from some of the interviewed teachers included before making major
purchases the administrator or the district should know what teachers need, what they already
use and what they want. They felt it was necessary to listen to teachers, especially during
textbook adoption decisions when considering static books or tech tools to enhance their
curriculum. This prevents the waste of resources on materials or devices that will not be useful
for the teachers if they are not applicable to their current need or cause teachers to waste time
trying to adjust or adapt their current plans to fit the new materials.

Also shared by the teachers is the idea of trusting teachers' experience and content
knowledge prowess which emphasized the role of teachers as experts of their tools. Involving
teachers in decisions about procurement of classroom resources, especially technology, could
help facilitate effective use of materials while also avoiding the situation where materials
purchased are not compatible with applications or simulation used for an activity.

Another aspect of this is the sustainability challenge faced when products or sites become
inaccessible because of lack of updates or changes in infrastructure which could affect the use of
a simulation by the teachers. An example of this was the loss of instructional materials due to the
migration from flash application to HTML 5, it would have been challenging to teachers who
were not aware of these changes thereby leading to loss of access to simulations they have

already built lessons around. Involving the teachers who actually use these tools will better
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prepare the school or district for changes that will happen when already purchased materials
become obsolete or unusable.
Implication for Research

This study contributes to the existing literature by providing information about what other
teachers consider before selecting a simulation to use, how teachers get information about which
simulations to use, the goals and approaches of lessons designed by teachers when using these
simulations, and challenges to address for policy makers, procurers, creators and designers of
simulation.

In referring to the themes established, certain themes that could be regarded as some of
the most significant findings of this study include where teachers mainly find out which
simulation to use. The response was from trusted sources from online searches, universities
affiliated sites, professional teachers or science groups within the school, outside the school or in
social media. This could be highlighted as one of the most significant findings in this study
because it seems to provide more information as to where teachers actually get the information
about what they use and more studies should be done to determine if this is true for all school
districts especially when socioeconomic status, location and teacher experiences vary.

For instance, focus could be on the implication of individual teachers choice while
conducting the search for an appropriate simulation to use. Browsing history, algorithms and the
use of artificial intelligence could influence the options that show up for individual teachers
while they search. Also, the teachers mentioned using groups on social media as sources of
simulation to use which raises the importance of learning groups in social media as a resource

that needs to be explored more by research. How does this affect the options available to them
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and their students? In turn, how does this affect student outcomes? Further studies could be done
on this.

Another focus of research could be on preparing current and prospective teachers on how
best to identify and use available resources to best achieve their purpose regarding the
simulations they want. Including teachers as part of research teams to create or edit existing
simulations will ensure the product meets the aim of the user it is intended for. Several research
methods including design based research would be a great way to explore this.

Implication for Practice for 9th - 12 grade Science Classrooms and Recommendations

Multiple studies have identified how integrating simulations can enhance inquiry learning
and knowledge construction in the science classroom. According to these studies, simulation
integration enables teachers to use technology to improve student learning, give the perception of
competence, and make their jobs easier in some cases (Bruce & Levin, 2001), model how
scientists construct and use models to explore and express ideas about phenomena (Campbell &
Oh, 2015) and help students visualize abstract concepts, understand modeling and provide
greater opportunity for inquiry (Bo et. al., 2018). This study has also used this implication as the
overarching theme to show the implication of how and why simulations are used by addressing it
in the literature review and using it as the base for coding.

Knowing what teachers consider before they select a simulation is a great way to cater to
their needs as educators. The teachers could be viewed as prospective clients of these simulations
and catering for their needs will make these simulations easily accessible to teachers without
spending too much time searching online for the best fit for their curriculum or concept. The
various themes established in this study provided focus on various aspects of practice.

Equitable access
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In reviewing the findings, the theme: Ease of access, use and versatility especially with
LMS dealt with the implication of financing and accessibility in the context of a science
classroom. The results showed that in the school studied, the teachers consider issues like the
cost of the simulation, ease of use, relevance, interactivity and compatibility with existing
classroom technology as important factors when selecting simulation to use. Likely because the
district provides internet and broadband access that can cater for the technological needs of the
schools, it is easier to connect to the simulations without issues like lagging when the program is
used. This is consistent with the goals of the district which emphasize equity and access for all
students which they reinforce by providing individual devices (laptops and Ipads) to students
with already preloaded Apps and software used by the district teachers.

This might not be the case for other districts because of differences in funding capacity
and district internet policies which introduces the issue of educational equity which may affect
the outcomes of the students. Attention should be paid to issues that could cause discrepancies in
student outcomes due to lack of consistent policies regarding access and availability of
technological resources.

Lessons Learned

Based on personal experience the author expected all teachers to use simulations
irrespective of their disciplines and the results of this study proved this sentiment to be correct.
What was surprising was how negligibly the chemistry teachers used simulations when they
were expected to use simulations more frequently because of the nature of the concepts covered
in chemistry. But this was not the case, rather the biological/environmental science teachers used
it more than the chemistry teacher. It should be noted that the chemistry teachers felt they were

more capable of delivering the necessary instructions to the students for them to learn better
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using physical labs that were abundant in the school. While the biology and environmental
science teachers felt simulations were a better option of showing correlation between concepts
could lead to long term changes without losing any classroom time in trying to model the
changes of a phenomenon.

Another note of interest was how teachers depended on other teachers for information
about simulations and this was largely justified as trusting the opinion of other professionals or
exploring the experiences of other teachers with a simulation before others would opt to use the
same or make decisions. While self-searching for simulations was practiced by all the teachers, it
was interesting to note how the access to social media groups and universities helped other
teachers get access to simulations they would otherwise not know about.

Affordability, convenience and manipulability were big factors when considering which
simulation to use and this aspect will be helpful to the school when determining the
implementation of technological tools teachers request to use. Knowing what the teachers
consider before they select a simulation will enable the technology department of the school be
on the same mind as the teachers who actually use these tools thereby reducing incidences where
materials provided are useless to the teachers. The school is encouraged to always include the
teachers when procuring tools and listen to their suggestions since they are the best people to ask
as they could be considered a bridge between the procurers of these tools and the eventual
consumers who are the learners.

Recommendation

The study participants were asked to provide suggestion to how the simulation could be

improved and encourage more teachers to use them and their suggestions included (1) make the

simulations were more relevant and gamified so more students will be engaged in using them (2)
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make simulations less complicated, less tedious with user-friendly interface and easily accessible
to use (3) share frequent updates on software changes and how these may affect existing
simulations (4) encouraged teachers to explore a simulation so they will be familiar with the
usage and address any challenges that may come up that could cause distraction or create
misconceptions as the students use them (5) encouraged teachers to seek out other teachers that
use them as a resource and mentor when they are in doubt regarding what to do with simulations.

The results of this study could not be generalized because it was a situated study focused
on a particular school in a particular district. To generalize the results of this study, more studies
should be done in multiple schools and school districts which could be combined to this study to
provide a more comprehensive look at what teachers' perceptions are. A thorough needs analysis
is suggested so a comprehensive database can be created which could utilize the expertise of
teachers as peer reviewers to provide information about how different simulations could be
applied in the classroom. This sort of database will help provide a starting point for novice and
expert teachers on what simulations to use thereby saving time for them to do other things. It will
also be a credible source of information about simulations including suggestions of how to use
them, when to use, and the best options for specific concepts or content.
Limitations

This was a case study for a particular high school in a specific district and the results
cannot be generalized to reflect the entire science classrooms in other school districts especially
because of the small sample size (6). Also, since participation was voluntary the participants may
not necessarily reflect the entire population. The use of deductive approach in the thematic
analysis may have influenced the study since the researcher established some codes before

collecting data, it may assume that the study was looking for certain answers to fit into already
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established findings. It alludes to this study as a confirmation of what is already known which
was not the intention of this study, maybe the use of an inductive approach could have benefited
this study more. Although the inclusion of emergent codes gave credence to the findings
providing new information to what is already known therefore necessitating the importance of
this study.
The content analysis of the lesson plans was subjective and mainly based on the researcher's
interpretation of what was noted on the documents. This means the findings and conclusions of
the content analysis could change based on other people’s perspectives. The option of using
other educators to review the lesson plans and provide the content analysis could have been used
which could have contributed to reliability and validity of the results and conclusion of this
study.
Conclusion

This study attempted to know why teachers use simulations, how they use them, lessons
they design with them and challenges if any they face while using the simulations. It used a
multiple case study qualitative approach to present teachers perspectives on consideration and
the use of simulation as well as how this is reflected in their practices. Data were collected using
semi-structured interviews and lesson plans based on prior established codes (apriori) as well as
emergent codes which led to various themes emerging. In reviewing the findings, various themes
that emerged included: (1) Focus on Student type, learning levels and rigor (2)Accurate
representation, especially the appearance and graphics relevant to the concepts (3) Ease of
access, use and versatility especially with LMS (4) Trusted sources from online searches
universities affiliated sites, professional teachers or science groups (5)Deepen understanding by

providing opportunities to connect prior knowledge, apply , practice and reinforce concepts
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(6)Make concepts accessible by scaffolding, differentiation and modeling with an approach that
provides flexibility in instruction (7) Technology malfunctions related to software, devices and
integration

Firstly, it could be concluded that teachers consider various factors as the rationale for
selecting a simulation and these factors included, time, cost (purchase or subscription), student
level of engagement and participation, accessibility, flexibility of use and relevance to concepts
and students. Also, while some teachers’ use of simulation may be limited because of the factors
mentioned previously, availability of resources for physical labs also negates the use of
simulations by teachers. This situation creates a situation where some teachers might not use
simulations because they have the resources available to run physical labs.

Secondly, the study suggests that teachers find out about simulation mostly through self-
research which involves browsing the internet and using social media. The sources of the
information from these searches are mostly academic institutions, professional bodies and
government agencies.

Thirdly, regarding the goals and approaches of teachers when they use simulation, focus
seems to be on modeling and practice of concepts with an emphasis on student engagement and
exploration. Thereby creating more avenues for students to engage with the content. While most
of the activities are teacher-led activities, they are student centered which allows for opportunity
for the students to manipulate variables while they explore concepts.

Finally, this study found that while most of the teachers seem to use and support the use
of simulations, caution was advised especially the risk of misconception based on the illustration

or graphics used in the simulations. The participants encouraged teachers to be facilitators and
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engage the students as they use the simulations so these misconceptions could be caught

immediately and resolved.
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Appendix 1: Email Invitation
Hello,

My name is Aishat Olere Balogun. I am completing my doctoral work with Indiana University
Bloomington and my topic is Exploring Trends in the Use of Virtual Simulation in the
Science Classroom: Presenting Teachers Perspectives & Practices on Use, Access and
Decision-making. IRB#14380

By participating in this interview process, you will aid in exploring and presenting teachers’
perspectives on the use of virtual simulations and how their practices reflect this. This study aims
to understand when teachers use virtual simulations, why they use them, how they use them,
challenges they encounter if any and if they have alternatives to the simulations.

This research has been approved by IUB’s Institutional Review Board. Your participation is
completely voluntary and anonymous. Should you have any questions or concerns about your
rights as a participant, please contact me or my dissertation chair, Dr. Kwon Kyungbin at
kwonkyu@jindiana.edu or me at aobalogu@iu.edu.

By clicking the corresponding link below that you easily access without any connection issues
and responding to the questions asked, you are indicating that you willingly agree to participate
and that you are aware of your right to withdraw your consent and discontinue participation at
any time.

I am grateful to each of you who take the time to help. I also thank you all for the tireless work
you do with the students. It is us, as a collective force, that makes for a better tomorrow through
the work we do with kids today.

Interview Permission link:
https://docs.google.com/forms/d/e/1FAIpQLS{11Qt4mBlIOapOVadViylmZVeflL AfcUlHoZ1yxE
g NWS898Pg/viewform?usp=sf link

Regards,

Aishat Olere Balogun,
Indiana University — Bloomington
Doctoral Candidate | Instructional Systems Technology

aobalogu@iu.edu

70



Appendix 2: Information Sheet for Research

Exploring Trends in the Use of Virtual Simulation in the Science Classroom: Presenting
Teachers Perspectives & Practices on Use, Access and Control. IRB 14380

You are being asked to participate in a research study. Scientists do research to answer
important questions that might help change or improve the way we do things in the future. This
document will give you information about the study to help you decide whether you want to
participate. Please read this form, and ask any questions you have, before agreeing to be in the
study.

All research is voluntary. You can choose not to take part in this study. If you decide to
participate, you can change your mind later and leave the study at any time. You will not be
penalized or lose any benefits if you decide not to participate or choose to leave the study later.

This research is intended for individual 18 years of age or older. If you are under
age 18, do not participate in the interview. This research is for residents of the
United States. If you are not a U.S. resident, do not participate in the interview.

The purpose of this study is to explore and present teachers’ perspectives on the use of
virtual simulations and how their practices reflect this. This study aims to understand
when teachers use virtual simulations, why they use them, how they use them, challenges
they encounter if any and if they have alternatives to the simulations.

We are asking you if you want to be in this study because you identify as a science teacher for
the 9" through 12 grade in an education system within the United states. The study is being
conducted by Kwon Kyungbin, PhD and Aishat Olere Balogun of Indiana University
Bloomington Department of Instructional Systems Technology.

If you agree to be in the study, you will do the following things Data will mainly be collected
using an online interview via zoom and you will also be asked to share some learning artefacts
like lesson plans or activity worksheets. If you choose to participate in the interview section,
zoom interviews will be conducted with minimal disruption to your work and life schedule. The
time for the interviews will take between 30 to 65 minutes to answer the questions and conclude
the entire process.

Before agreeing to participate, please consider the risks and potential benefits of taking
part in this study. You may be uncomfortable while answering the interview questions. While
you are being interviewed, you can skip any questions that make you uncomfortable or that you
do not want to answer. The questions will be provided to you ahead of time for your perusal.
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We don’t think you will have any personal benefits from taking part in this study, but we hope to
learn things that will help researchers in the future. You will not be paid for participating in
this study. There is no cost to participate in the study.

We will protect your information and make every effort to keep your personal information
confidential, but we cannot guarantee absolute confidentiality. No information which could
identify you will be shared in publications about this study. Recorded audio recordings from
interviews will only be shared with the research committee and they will be destroyed after the
study is approved and defended.

Your personal information may be shared outside the research study if required by law. We also
may need to share your research records with other groups for quality assurance or data analysis.
These groups include the Indiana University Institutional Review Board or its designees, and
state or federal agencies who may need to access the research records (as allowed by law).

If you have questions about the study or encounter a problem with the research, contact the
researcher, Aishat Olere Balogun at 513-484-2964 or aobalogu@iu.edu.

For questions about your rights as a research participant, to discuss problems, complaints, or
concerns about a research study, or to obtain information or to offer input, please contact the IU

Human Research Protection Program office at 800-696-2949 or at irb@iu.edu

72



Appendix 3: Interview Protocol and Questions
Thank you so much for volunteering to participate and you can review the questions and

consent form before the interview.

Domain 1: Consideration & Choices
1. Lead off question: Do you utilize simulations in your teaching practice?

Follow up question:
- How often do you use them?
- For what purpose?
2. What are your instructional goals and approaches when you use simulation in your classroom?

(RQ3)

Convert Category:
- Goals could be engagement, exploration
- Approaches could be student led or teacher led

3. What kind of lessons do you design with simulations? (RQ 4)
Follow-up questions
- How do you determine the learning experience of students when they use simulations?
- How do you measure the learning outcome of a lesson designed with simulation?
- How do you determine if the learning outcome of a lesson designed with simulation has
been met?
Discuss how these are reflected on the lesson plan they chose to share with me. Look for
evidence of the goals and approaches

4. What do you consider in selecting or adopting virtual simulations to use in your
classroom?(RQ 1)

5. Where do you as a science teacher get information about which virtual simulations to
use?(RQ2)
Follow-up questions

- How do you find appropriate simulations to use?

- Where do you get the simulations you use?

Covert Category:

- Comparison where they get their information and others they know (to aid in cross case
analysis)
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- Support/Helpers (colleagues, administrators, anybody else)
- School requirements
Domain 2: Teaching Experience (RQ 3 & 4)

6. What was the most interesting situation you encountered when you started using simulations?

7. From the perspective of student learning, what do you like about using simulations?
What do you dislike?

8. What would you describe as the effect of using simulation on your teaching?

9. How did your experience differ from your expectation if any at all?
Covert Category:

- Comparison about expectations and reality of teaching with simulations (to aid in cross case
analysis)

Domain 3: Challenges & Supporting System (RQS5)

10. Pretend that you were talking to a science teacher who wants to start using simulations in
their classroom.. Given what you know now, what would you tell them?

11. What challenges did you experience in the course of using simulations?
Covert Category

- Overall feeling about the school system

- Satisfactory experience or not?

Likely follow up questions

- What would you have done differently if anything at all?

- Have you been contacted by the administration or school district when considering the type of
simulations to use in schools? Tell me about that

- What is your best advice to administrators when considering technology related to your
simulations?

- Is there anything else you would like to share with me?
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