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Abstract
Cognitive load is the effort needed to process and store information in memory and can
be measured via subjective, physiological, and performance methods. Virtual reality
learning environments (VRLESs) enhance science aptitude and motivate students to pursue
science careers. Cognitive load is divided into three types: intrinsic, extraneous, and
germane. Using cognitive load theory as the framework, the problem addressed through
this study was that it is not yet fully understood what the effect of VRLESs is on students’
cognitive load, which can hinder their learning if it is too high. Secondary science
education comprises many complex topics with significant levels of intrinsic cognitive
load. Discovering if VRLESs reduce intrinsic cognitive load without increasing extraneous
load, leaving more room for germane cognitive load to aid student processing is crucial.
The purpose of this quantitative quasi-experimental study was to determine the difference
in cognitive load as measured with the Mental Effort Survey (MES) between high school
students who used a VRLE during science instruction for one lesson and students who
did not use VRLESs. For this nonequivalent control group design, the data points were
derived from high school students who completed Leppink’s MES after a science lesson
conducted during the 2021-2022 school year in a private high school in the southwestern
United States. The means for each score of the two groups were compared using two-
tailed 7 tests. Results showed a significant decrease in the intrinsic and extraneous load
and a significant increase in germane load for the VRLE group. For positive social
change results can inform stakeholders about the use of VRLEs and may contribute to

academic success, secondary school graduation rates, and employment rates.
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Chapter 1: Introduction to the Study

Virtual reality learning environments (VRLE) are computer-created, immersive,
interactive 3D worlds accessed via a head-mounted display (Parong & Mayer, 2018).
VRLE:s are increasingly being used in high school science courses to provide students
with immersive, interactive experiences to enhance their understanding of complex
scientific concepts (Bogusevschi et al., 2020; Khotimah et al., 2021; Lamb et al., 2018;
Makransky & Lilleholt, 2018). These environments can simulate real-world scenarios and
provide students with hands-on learning opportunities that can be difficult or impossible
to achieve through traditional methods (Cheng & Tsai, 2019; Gielstra et al., 2021; Huang
& Liaw, 2018; Kenna & Potter, 2018; Lee et al., 2021). Additionally, VRLEs can be used
to present scientific information in a visually engaging way that can hold students’
attention and foster their interest in the subject (Astuti et al., 2020; Boda & Brown, 2020;
Hu Au & Lee, 2017; Huang & Liaw, 2018). The use of VRLESs in science education is
still in its early stages, but early results from the published literature have suggested that
it has the potential to be a valuable tool for engaging students and enhancing their
learning outcomes (Bogusevschi et al., 2018; Hatchard et al., 2019; Lamb et al., 2018).
However, more research is needed to study how VRLEs affects students’ cognitive
processes.

Cognitive load theory (CLT) provides a way to assess how VRLEs affects student
learning. Cognitive load refers to the mental effort required to perform a task and can be
quantified using reaction time, accuracy, and subjective ratings (Sweller et al., 2019). In

high school science education, cognitive load can be influenced by various factors, such



as the difficulty of the content, the teaching methods used, and the student’s prior
knowledge (Martin et al., 2020, 2021). High levels of cognitive load can make learning
more difficult and reduce students’ motivation (Sweller et al., 2019). Effective science
education should minimize cognitive load and balance it with an appropriate level of
challenge to promote deep learning and understanding.

VRLE technology can potentially increase access to educational opportunities for
students who may not be able to participate in certain hands-on learning activities due to
geographic location, physical abilities, or other constraints. For example, the use of
VRLE:s in high school science education offers the possibility of virtual field trips to
locations that are otherwise unreachable by students (Cheng & Tsai, 2019; Lin et al.,
2011; Petersen et al., 2020). This technology allows students to explore inaccessible
locations, providing a unique and interactive learning experience. Another example is the
expediency of virtual labs, which has resulted in the growth of online science courses and
advanced lab sciences in rural areas, enabling students in these areas to have access to
cutting-edge science education (Gielstra et al., 2021; Kenna & Potter, 2018; Seifan et al.,
2020). Teachers and administrators can better understand the potential benefits and
drawbacks by studying the cognitive load associated with using VRLEs in science
instruction.

Background

It has been reported from various studies that VRLEs can be effective for

learning; however, it has also been seen to depend on various factors, such as the

student’s learning style (Huang et al., 2020), spatial abilities (Lee & Wong, 2014), and



gender (Ariali & Zinn, 2021; Ibili & Billinghurst, 2019). Although many studies have
concluded that VRLEs create a sense of presence, researchers are divided on how it
affects learning outcomes. Some studies have shown a correlation between an increased
sense of presence and increased learning outcomes (Baceviciute et al., 2021; Lee et al.,
2010; Sun et al., 2019), and others have shown the opposite (Makransky, Terkildsen, et
al., 2019; Parong & Mayer, 2021). Further examination is needed to understand VRLEs’
contribution to learning beyond the sense of presence.

The results of studies examining the effects of CLT in VRLEs have also been
inconclusive. Some researchers have shown that adding static images to VRLESs can
decrease cognitive load (Shin & Park, 2019), while others have shown no significant
difference (Nelson et al., 2016). Another cognitive effect applied in VRLE:s is the
segmentation of information into smaller parts, which has been shown to reduce
cognitive load in VRLEs just as in other media (Parong & Mayer, 2018).

To better understand these mixed results, it is crucial to measure the three types of
cognitive load (i.e., intrinsic, extraneous, and germane) separately. The goal of an
instructional tool is to lower intrinsic and extraneous load and increase the germane load
while avoiding cognitive overload (Sweller, 2020). Several researchers attempted to
measure these types of cognitive load separately, but they had differing results (Parong &
Mayer, 2021; Vesga et al., 2021). VRLEs have the potential for effective learning, but
more research that measures the three types of cognitive load is needed to fully

understand their influence and how to optimize them for better learning outcomes.



VRLE use in high school science classrooms has significantly increased since
2018, with the increased ability for access in schools (Zhang et al., 2020). One of the
benefits is an improved scientific attitude (Astuti et al., 2020; Gardufio et al., 2021),
which is a crucial aspect because as student interest in a subject increases, there is a
tendency for higher learning achievements (Boda & Brown, 2020). The reasons for this
increase include the ability to make intangible and inaccessible concepts tangible
(Nersesian et al., 2019a; Petkov et al., 2019), the provision of a platform for embodied
learning, and fostering an attitude that is open to inquiry and problem solving (Astuti et
al., 2020). VRLE use in science classes has, in some cases, led to higher test scores and
improved retention of knowledge with younger populations (Bogusevschi et al., 2018;
Jitmahantakul & Chenrai, 2019; Lai et al., 2022; Liou & Chang, 2018; Nersesian et al.,
2019b; Southgate, 2019). However, some studies with college-aged students showed that
the VRLE group did not perform better than the traditional teaching group (Meyer et al.,
2019; Parong & Mayer, 2018). There is a need for studies focusing on the cognitive
effects VRLEs have on the high school population.

High school science education is an important area of concern for governments
globally (Ucar & Sungur, 2017). Science education has been linked to economic progress
and growth (Aguilera & Perales-Palacios, 2020; Murphy et al., 2018; Sadler et al., 2013).
Yet, students worldwide are losing interest in science and scoring poorly in national
science assessments (Achor et al., 2019; Aguilera & Perales-Palacios, 2020; Bal-
Incebacak et al., 2019; Etobro & Fabinu, 2017; Hidayati et al., 2020; Lodge, 2021; Nidup

et al., 2021; Santi & Gorghiu, 2019; Ucar & Sungur, 2017). This issue is likely related to
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the inherent complexity of science subjects, which pose a high level of intrinsic cognitive
load that can easily lead to cognitive overload and prevent students from retaining
information (Achor et al., 2019; Kokkonen et al., 2022; Steier & Kersting, 2019).
Research in this area focuses on the inherent complexity of learning science (Achor et al.,
2019; Aguilera & Perales-Palacios, 2020; Etobro & Fabinu, 2017; Hidayati et al., 2020;
Santi & Gorghiu, 2019), reasoning schemas needed to learn science (Bal-Incebacak et al.,
2019; Sadler et al., 2013; Santi & Gorghiu, 2019; Wei et al., 2021; Zhang, 2019), and
interventions to decrease the cognitive load (Becker et al., 2020; Jitmahantakul &
Chenrai, 2019; Lardi & Leopold, 2022; Saw, 2017; Weng et al., 2018). The current study
was needed because it helps inform stakeholders as to whether one of the benefits of the
innovation of VRLEs is that they reduce secondary students’ cognitive load. A better
understanding of the relationship between VRLEs and cognitive load may be used to help
improve students’ understanding of science.
Problem Statement

The problem addressed through this study was that it is not yet fully understood
what the effect of VRLESs is on students’ cognitive load, which can hinder their learning
if it is too high. VRLEs are becoming a popular innovative learning mode to use in K—12
institutions. In the Horizon Report for K-12 Education, the New Media Consortium and
Consortium for School Networking (2017) predicted that VRLEs could reach 15 million
learners by 2025, and the Perkins Coie (2018) survey rated education the second most
suitable use of virtual reality (VR). Multiple studies have shown that VRLEs improve

students’ motivation and engagement (Akman & Cakir, 2019; Cai et al., 2017; Cheng &



Tsai, 2019; Keller et al., 2018). In a literature review, Hu Au and Lee (2017) identified
VRLE:s as a good tool for teaching 21st-century skills, such as empathy, creativity,
abstract thinking, and the ability to visualize complex concepts. VRLEs are used by
science and technology instructors because they provide a way to mimic the natural
world, allowing students to explore and interact with it (Huang & Liaw, 2018).

However, little is known about the effects of VRLEs on high school students
learning science, specifically concerning cognitive load. Paas and Van Merrienboer
(1994) warned that high cognitive load adversely affects learning, explaining that
learning is impaired if the total processing time exceeds working memory capacity.
Studies have shown that VRLEs improved eighth graders’ science learning outcomes
(Cai et al., 2017), high school students’ higher order cognitive thinking (Southgate,
2019), and high school students’ geoscience test scores (Jitmahantakul & Chenrai, 2019).
However, none of these studies focused on cognitive load directly, even though the high
cognitive load has been a concern related to this technology’s use for educational
purposes (Makransky, Terkildsen, et al., 2019). In another study, when high school
students used VR, their learning style did not influence how well they learned, but it did
impact a student’s cognitive load (Huang et al., 2020). Huang et al. (2020) suggested
additional studies on cognitive load and VRLEs are needed and specifically suggested the
use of quasi-experimental designs. There is a gap in published studies that measure how
VR environments affect science students’ cognitive load.

The study is significant to the discipline of educational technology because

VRLE:s are a new technology being used in the classroom. This study extends the



literature regarding how this technology affects the learning processes of students
learning science.
Purpose of the Study
The purpose of this quantitative quasi-experimental study was to determine the
difference in cognitive load as measured with the Mental Effort Survey (MES) between
high school students who used a VRLE during science instruction for one lesson and
students who did not use a VRLE.
Research Question and Hypotheses
To address the problem and purpose of this study, the following research
questions and corresponding hypotheses guided the study:
RQ1: What is the difference in intrinsic load MES scores between high school
students who used a VRLE during science instruction for one semester and
students who did not use a VRLE?
Ho1: There is no difference in intrinsic load MES scores between high
school students who used a VRLE during science instruction for one
semester and students who did not use a VRLE.
H1: There is a statistical difference in intrinsic load MES scores between
high school students who used a VRLE during science instruction for one
semester and students who did not use a VRLE.
RQ 2: What is the difference in extraneous load MES scores between high school
students who used a VRLE during science instruction for one semester and

students who did not use a VRLE?



Ho2: There is no difference in extraneous load MES scores between high
school students who used a VRLE during science instruction for one
semester and students who did not use a VRLE.
H>2: There is a statistical difference in extraneous load MES scores
between high school students who used a VRLE during science instruction
for one semester and students who did not use a VRLE.
RQ 3: What is the difference in germane load MES scores between high school
students who used a VRLE during science instruction for one semester and
students who did not use a VRLE?
Ho3: There is no difference in germane load MES scores between high
school students who used a VRLE during science instruction for one
semester and students who did not use a VRLE.
H33: There is a statistical difference in germane load MES scores between
high school students who used a VRLE during science instruction for one
semester and students who did not use a VRLE.
Theoretical Framework
[ used the CLT introduced in 1988 by John Sweller as the theoretical framework
for this study. Sweller et al. (2019) suggested that CLT helps explain the human cognitive
processes that consist of working memory and long-term memory and that processing
issues occur because of the limited capacity of the working memory. Cognitive load
consists of allocating mental resources required to move new information through the

working memory and into the long-term memory. Sweller (1988) broke it into three



types: intrinsic, extraneous, and germane. The intrinsic load comes from the complexity
of the task and the amount of a student’s prior knowledge (Leppink et al., 2013). The
external load derives from sensory inputs that are not beneficial to learning (Leppink et
al., 2013). The germane load arises from instructional material processing (Leppink et al.,
2013). I provide more detail on the three types of cognitive load in Chapter 2.

Sweller (2020) distinguished primary general knowledge that is nonteachable and
secondary subject-specific knowledge, which is teachable. In the CLT, Sweller provided
guidelines for developing instructional designs to teach secondary knowledge, entering
the working memory from visual and auditory channels. Students do not learn new
information if the material does not reach long-term memory, where the data are stored
for later use (Sweller, 2020). Mayer and Moreno (2003) applied the principles of CLT to
the design of multimedia materials, finding that the use of extraneous material that requires
processing by the visual or auditory channels can cause an external cognitive overload of the
working memory. Instructional designers, especially of multimedia lessons, need to limit
the use of the sensory channels to material necessary for instruction (Clark & Mayer,
2016). Multimedia designers need to ensure that learning activities lessen the intrinsic
load, do not cause external cognitive overload, and focus all mental effort on the germane
load so deep learning can occur (Sweller, 2020).

VR is the newest form of multimedia design, and many studies have examined
how VR affects students’ cognitive load (Chen, 2006; Dan & Reiner, 2017; Huang et al.,
2020; Makransky, Terkildsen, et al., 2019). In the current study, I used CLT to examine

the cognitive load variables of high school science students who learn content in a VRLE
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compared to traditional instruction. In this study, I used the validated quantitative survey,
the self-reported Leppink MES, that examines the three cognitive load types identified in
the CLT: intrinsic, extraneous, and germane. Therefore, the theory aligned with the
instrument I used, which helped me interpret the results because they aligned well with
the study’s purpose and research questions.

Nature of the Study

One way to discern if VR environments cause cognitive overload is to measure
the mental effort experienced by the students during the lesson (Leppink et al., 2013;
Morrison et al., 2014; Paas & Van Merriénboer, 1994). Additionally, if cognitive
overload exists, students cannot retain information learned and tend to score poorly on
unit tests. Liou et al. (2017) used CLT to research the differences in learning outcomes
between augmented reality (AR) and VR. Shin and Park (2019) employed CLT to show
that 3D learning spaces reduced the cognitive load associated with 2D animations. In the
current study, I used CLT to examine the cognitive load variables of high school science
students who learned content in a VRLE compared to traditional instruction. By using the
scores from the Leppink MES, I was able to examine the three types of cognitive load
identified by CLT: intrinsic, extraneous, and germane.

I used a quantitative research paradigm for this study. A quantitative design can
be justified for studying cognitive load because it allows for collecting and analyzing
numerical data (see Burkholder et al., 2016). By using quantitative methods, researchers
can obtain precise and objective data on cognitive load, which can be analyzed and

compared across different conditions or group (DeLeeuw & Mayer, 2008; Paas et al.,
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1994; Paas & Van Merriénboer, 1994; Parong & Mayer, 2021). This analysis enables the

researcher to identify patterns and relationships in the data and make more informed
conclusions about the factors contributing to cognitive load. Furthermore, quantitative
designs can also provide a level of standardization and control that is difficult to achieve
with qualitative methods (Coleman, 2022), which can be particularly important in
studying cognitive load because it is a complex and multidimensional construct (Sweller,
2011). Using a quantitative approach can provide valuable insight into the nature of
cognitive load and its determinants, making it a fitting approach for studying this topic.

For the research design, I used archival data collected from MES data (see
Leppink et al., 2013) from two groups of high school students: one who was taught in a
VRLE in science class and the other who did not. Students self-assessed the cognitive
load experienced while using the VRLE by taking a mental effort survey developed by
Leppink et al. (2013). Students who learned the same science concept, not using a VRLE,
also took the MES. The literature surrounding CLT has shown that the intensity of effort
required to complete a task is also a reliable measurement of cognitive load (Paas et al.,
2003). The MES has several questions regarding the factors that can make a task easier or
harder to complete, such as the environment, amount of time spent, perceived difficulty,
and ease of use of instruments, and the questions use a Likert-type scale ranging from 1
to 9 (Paas et al., 2003). I conducted this quasi-experimental study at one local high school
in the southwestern United States to examine students’ cognitive load who used a VRLE
for a science lesson compared to students who learned the same science content with

traditional instruction. The study site high school had 24 VR headsets donated, and the
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administration granted permission for their use at teachers’ discretion. Some science
teachers use these headsets for some lessons, but others do not, so that the comparison
groups were natural, not assigned. I used the results from the MES, which has 10
questions total. Questions 1, 2, and 3 measure intrinsic cognitive load; Questions 4, 5,
and 6 measure the extraneous load; and Questions 7, 8, 9,10 measure germane load. |
used the survey results to answer the research questions by comparing the results of the
two groups. Use of a two-sample 7 test was appropriate because the research questions
required determining if the VRLE group’s mean was significantly greater than or less
than the traditionally taught group (see Frankfort-Nachmias & Leon-Guerrero, 2018).
Definitions

The following terms served to inform the study:

Cognitive load: The allocation of mental resources required to move new
information through the working memory and into the long-term memory (Sweller,
1988). Measured by subjective rating scales, physiological measures, performance
measures, or neuroimaging techniques (Paas et al., 2003).

Extraneous cognitive load: The type of cognitive load that arises from sensory
inputs that are not beneficial to learning (Leppink et al., 2013). Measured by subjective
rating scales, physiological measures, performance measures, or neuroimaging
techniques (Paas et al., 2003).

Germane cognitive load: The type of cognitive load that arises from the effort
required to transfer new information from the working to the long-term memory and

properly integrate it with the existing knowledge (Leppink et al., 2013). Measured by
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subjective rating scales, physiological measures, performance measures, or neuroimaging
techniques (Paas et al., 2003).

Intrinsic cognitive load: The type of cognitive load that arises from the
complexity of the subject learned and the lack of previous knowledge held by the learner
(Leppink et al., 2013). Measured by subjective rating scales, physiological measures,
performance measures, or neuroimaging techniques (Paas et al., 2003).

Traditional instruction: Instructional techniques that have been used for centuries
in education. These methods typically involve a teacher delivering information to
students through lectures, textbooks, and other resources. The teacher is seen as the
primary source of knowledge, and students are expected to listen, take notes, and
memorize information (Cosgrove & Olitsky, 2018).

VRLE: An immersive learning experience delivered via a head-mounted device
that creates a 3D virtual teaching environment (Vesga et al., 2021). It enables learners to
acquire knowledge through the senses of hearing, sight, and touch while interacting with
the environment (Sweller, 1988).

Assumptions

This study was based on several assumptions. Secondary students taking a science
course from the control group of no simulation and the group participating in simulation
responded to a survey regarding their experience of the mental effort needed to learn the
new material. The underlying assumption was that students could self-measure and be
honest about their efforts when completing the survey. Standardized curricula and the

required professional learning communities mitigate any issues with the assumption of
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similarity of courses between teachers; however, I assumed that teachers did what they
claimed they would do, and therefore, the content was consistent regardless of the
teacher; however, there was no direct observation of the instruction. Another assumption
was that students were placed appropriately in a science course matching their prior
knowledge and learning achievement.
Scope and Delimitations
In this study, I focused on high school students without regard for gender,
learning disabilities, or other factors that could affect the mental effort of a student
learning a new scientific concept. Moreover, the VRLE used in this study was limited to
the science VR content created by one company, Veative, an immersive education
technology group. The study focused on the cognitive load as measured from the
student’s perspective, and I did not consider any measurement of learning outcomes or
knowledge retention. The scope of the study focused on the measurement of the three
types of cognitive load separately and did not provide an overall cognitive load
measurement. The boundaries of this study were limited by the population that was not
included, such as students with severe learning disabilities, the school’s location in an
affluent suburban neighborhood, and students not between 15—18 years of age.
Limitations
Sweller’s CLT is a widely used framework for understanding how learning occurs
and how cognitive resources are allocated during learning. However, there are also some

limitations to the theory that should be considered:



15

Limited applicability to real-world situations: Sweller’s CLT is based on
laboratory studies and may not be entirely applicable to real-world situations
where learners are often confronted with complex and dynamic learning
environments (Paas et al., 2004). I addressed this issue in the current study by
using Leppink’s MES, which relies on student perception and not external
measures.

Focus on cognitive load rather than other factors: CLT emphasizes cognitive
load as the primary factor affecting learning, but other factors, such as
motivation, engagement, and affective factors, can also affect learning
outcomes (Kirschner et al., 2011). My choice of population addressed this
issue by working with students that are very similar in motivation and
abilities.

The narrow view of instructional design: CLT is primarily focused on how
instructional design can reduce cognitive load, but it may not fully consider
other vital aspects of instructional design, such as learner motivation, interest,
and engagement (Kirschner et al., 2011).

Limited attention to individual differences: CLT does not account for
individual differences in learners’ abilities, prior knowledge, learning styles,
or motivation, which can also influence the effectiveness of instructional
design (Clark & Mayer, 2016). This limitation was one of the boundaries of

the current study.
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Significance

The significance of a study can be judged by the potential contributions the study
may make that advance knowledge in the discipline. The current study contributes to
educational technology by providing further evidence to the question of the effectiveness
of VRLEs as a mode of science instruction for secondary students. Providing empirical
research on whether the cognitive load experienced by high school students who use
VRLEs during science instruction differs significantly from those taught using traditional
methods helps inform how the technology is used. The study results provide teachers and
administrators with the information they need to make informed decisions about
pedagogy and to help determine when/if using VRLEs benefits students during science
instruction. Making research-based and informed decisions about instruction may
increase students’ academic success. Increased academic success is a powerful force in
the efforts for social change. Ultimately, the goal of this study was to use the findings to
help others make informed decisions about best practices for teaching science to high
school students and whether VRLESs should be incorporated into science instruction. This
decision could help improve student learning outcomes and ensure that science education
is as effective as possible.

Summary

In Chapter 1, I presented the primary themes and overarching problems addressed
in the study. The background section contained a summary of the existing literature that
supported this study. The problem and purpose statements indicated the study’s focus on

the cognitive load experienced by high school students learning science in a VRLE
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compared to the traditional methods. The development of the research questions
addressed the scores of the three types of cognitive load as measured by Leppink’s MES.
In the theoretical framework section, I described the use of Sweller’s CLT to support the
scope and nature of the study. In the section on the nature of the study, I explained the
rationale behind utilizing a causal-comparative and nonequivalent control design using
archival data. Additionally, definitions were provided to clarify key terms and
terminology in the context of the study. The assumptions, scope and delimitations, and
limitations section included a discussion of the parameters and constraints of the study as
well as the measures I took to address the limitations. I concluded Chapter 1 by
explaining the study’s significance and potential impact on secondary science education.
In Chapter 2, I will describe the strategies used for conducting the literature search, delve
into the details of the theoretical framework, and provide a comprehensive review of the

current literature related to the current study.



18

Chapter 2: Literature Review

In this quantitative study, the problem was that with the increased use of VRLEs
in high school science classrooms, it is not yet fully understood what the effects are on
students’ cognitive load, which can hinder their learning if it is too high. I used archived
data that measured the three types of cognitive load separately to see if learning via
VRLESs lowers the intrinsic load of science education and does not increase the
extraneous load, allowing for more of the germane load. The literature has shown that
VRLE:s increase student interest in science (Astuti et al., 2020; Gardufio et al., 2021), but
there is a lack of consensus regarding their cognitive benefit. Some researchers have
found that VRLEs increased students’ retention and recall scores (Baceviciute et al.,
2021; Lee et al., 2010; Sun et al., 2019), while others found the opposite (Makransky,
Terkildsen, et al., 2019; Parong & Mayer, 2021), and the same is true regarding cognitive
load. This study adds to the literature by measuring the three types of cognitive load
separately and as measured by students’ perception of the difficulty encountered in a high
school science lesson. The purpose was to determine if the cognitive load experienced by
high school students who use a VRLE during science instruction is significantly different
compared to those taught using traditional methods.

Chapter 2 starts with a description of my literary search strategy and follows with
a discussion of the theoretical foundation. In the literature review, I look at studies that
measured cognitive load during different uses of VR, not limited to VRLEs. I separated
the research into those studies that focused on a sense of presence, cognitive effects, and

the different ways to measure cognitive load. I then review the literature regarding how
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VR is used in science education, first focusing on its effect on scientific attitude and then
on its effect on academic performance. I then look at its use for virtual field trips and
those that use it as a virtual lab. In the last section of the literature review, I explore
research about the cognitive load of high school science education, dividing the literature
into a discussion on the inherent complexity of the subjects taught and the reasoning
skills taught simultaneously with the material. I then examine the different teaching
methods and tools used to lower cognitive load.
Literature Search Strategy

The Walden University Library was the primary access point to the sources used
in this study, including books, reports, and peer-reviewed and empirical research articles
published between 2017 to 2023. The databases accessed included Education Source,
Academic Search Complete, APA PsycInfo, Computers & Applied Sciences Complete,
ERIC, and Teacher Reference Center. Specific themes were utilized to help narrow my
research by using keywords that appeared during the research. The search terms used
were virtual reality or VR or augmented reality or virtual environment, cognitive load
OR mental effort, high school or secondary school OR secondary education OR 9-12,
science education OR science instruction OR science learning, science labs, abstract or
complex, virtual field trips, cognitive load measurement, and load reduction instruction. 1
used Mendeley software to save and organize literature under general themes. Microsoft
OneNote was used to take notes on the literature and organize it according to problem
statements and results as well as by theories and methodology. Saturation of the literature

was reached when themes and conclusions kept reappearing with no new study findings.
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Theoretical Foundation

This study’s theoretical framework was based on Sweller’s CLT. Sweller (2020)
argued that when designing a learning experience, the workings of human cognition must
be considered. For a learner to acquire new knowledge, information must travel from the
external world into the working memory and from the working memory to the long-term
memory (Sweller, 2016). The working memory is the processing center for the new
information, and it is limited to dealing with four to seven elements at a time for about 20
seconds (Sweller, 2020). The working memory capacity increases proportionately to the
amount of knowledge in the long-term memory so that a novice learner will have a much
more limited capacity than an expert one (Sweller, 2016). Information enters the working
memory through visual and auditory instruction, and if it is processed successfully, it
then enters the long-term memory, where it can connect to previous knowledge (Sweller,
2016). Once connected to previous knowledge, it becomes part of a person’s cognitive
architecture, and the student can apply it to diverse situations (Mayer & Moreno, 2003).
The amount of information held in the working memory at any given moment is called a
cognitive load, and if information entering the working memory exceeds its capacity to
process, it is called cognitive overload (Mayer & Moreno, 2003).
Types of Cognitive Load

CTL includes three types of cognitive load: intrinsic, extraneous, and germane
(Sweller, 1988). Intrinsic load arises from the complexity of the subject learned and the
lack of previous knowledge held by the learner (Leppink et al., 2013). A topic is more

complex if it requires more elements interacting simultaneously in the working memory
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(Sweller, 1988). For example, a multimedia presentation that used a complex sentence
would require students to process more elements at once than a simple sentence.
Sometimes multimedia can reduce the intrinsic load by using graphics or animation
instead of words to explain a complex concept (Clark & Mayer, 2016). Most of the time,
the intrinsic load of complex subject matters cannot be diminished except by increasing
the learners’ pretraining (Sweller, 2020). However, one of the promising aspects of
VRLE:s is that they could decrease the intrinsic load of complex concepts by allowing
learners to observe the events as they happen instead of relying on static images and
explanations (Hu Au & Lee, 2017).

The second type of cognitive load is the extraneous load, which stems from
instruction elements that do not help the student process information, such as a lengthy
explanation of a problem or an unrelated anecdote in a lecture (Sweller, 1988). Some
presentations require students to hold more interacting elements in the working memory
than the subject matter requires; in that case, the intrinsic load increases unnecessarily
and, hence, is considered extraneous (Sweller, 2016). The extraneous load can also arise
from environmental factors during instruction, like room temperature, noise from the
hallway, children playing outside the window, poor lightning, and the like (Paas & Van
Merriénboer, 1994). In multimedia instruction, the extraneous load can arise from using
background music that is the theme from a famous movie or creating an illustration with
a character associated with a famous video game or cartoon, all of which will bring a rush

of unrelated content into the working memory (Clark & Mayer, 2016).
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The third type of cognitive load is the germane load, which is the effort required
to transfer new information from the working to long-term memory and properly
integrate it with the existing knowledge (Leppink et al., 2013). Instructional features that
aid the student in these cognitive processes of integrating and organizing new content
decrease the germane load, where most mental effort should be directed (Leppink et al.,
2013). The greater the intrinsic and extraneous loads of a task, the less room for the
germane load before the learner experiences cognitive overload and nothing further is
learned (Sweller et al., 2019). An efficient instructional tool lessens the intrinsic load,
eliminates extraneous load, and focuses all mental effort on the germane load so deep
learning can occur (Sweller, 2020). An example of an efficient tool is a PowerPoint
presentation that segments new information into small, simple elements; avoids anything
irrelevant to the topic; and adds worked samples or graphic organizers that help the
creation of mental schemas in the student.

CLT Applied to Educational Technology

CLT is an educational theory that helps design instructional methods that
optimize what is known about human cognition (Sweller, 1988). Sweller also developed
the theory to determine the efficiency of existing instructional strategies (Paas & Van
Merriénboer, 1994). In CLT, Sweller (2016) provided several instructional effects to
reduce cognitive load, including the modality, split-attention, redundancy, coherence, and
personal and engagement effects. Mayer and Moreno (2003) and later Clark and Mayer
(2016) applied these cognitive load effects to design multimedia learning materials.

Mayer and Moreno explained that working memory comprises a visual processor and a
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verbal processor, and each processor is limited in capacity and can be overloaded. In the
modality effect, Clark and Mayer explained that instructional designers must balance
information delivery between the visual and auditory channels by conveying words via
audio instead of text and leaving the visual channel free to process images. This
balancing between the two channels can also lessen the split-attention effect, in which
related concepts are visually separated. If an instructional designer separates a picture and
its explanation into two slides, the working memory must integrate them. There is a more
significant cognitive effort in learning when the working memory holds the picture longer
until it reaches the explanation and creates a single concept. It is better to use the visual
channel for the picture and audio for the explanation and avoid the extra load on the
working memory. However, suppose the information is very complex. In that case, it is
better to use written text for the explanation in another slide rather than audio due to the
transient nature of the spoken word. Sweller explained that spoken cannot be retained in
the working memory for an extended time since it is continually replaced by more audio;
however, as the redundancy effect explains, the instructional designer should not repeat
the same information through the visual and auditory channels. The repetition would
cause the working memory to use twice the processing power to arrive at the same
knowledge (Clark & Mayer, 2016). In addition, instructional designers need to be aware
of the coherence effect, which is the need to keep all information presented on the topic.
Clark and Mayer warned of the danger of adding noninstructional material, such as
background music or unrelated graphics, to a lesson requiring additional audio or visual

processing by the working memory and increasing the extraneous cognitive load. At the
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same time, the use of extraneous material could be justified if it increases psychological
engagement between the learner and the content, which in turn decreases the germane
load for the student, as explained in the engagement and personalization effects (Clark &
Mayer, 2016).

Since its inception, CLT has been used in various educational technology research
to help instructional designers, teachers, curriculum developers, and administrators better
understand how media helps or hinders students’ learning. CLT was used in the early
1990s to study student learning in hypertext environments (Cates, 1992; Laurel et al.,
1990) and continued to be used as multimedia as an instructional tool became more
complex. In the 2000s, CLT was used to determine which instructional approach was
more effective at content delivery and produced higher performance scores. For example,
a study compared three types of software to teach algebra (May, 2005). Another one
compared three computer-based chemical engineering design concepts (Aubteen Darabi
et al., 2007), and a third compared a lecture method and a web-based method of
instruction (Chilton & Gurung, 2008). CLT continued to be used in the 2010s to evaluate
educational technologies. For example, it was used to show how an online project-based
approach caused cognitive overload compared to the classroom approach (Chen, 2016),
which type of lecture model best focuses student attention (Hadie et al., 2016), and how
detailed illustrations benefit or distract learning (Yu et al., 2017). Lastly, in the last
decade, CLT has been used in several AR and VR educational technology studies. For
example, CLT was used to research the cognitive load levels experienced by secondary

students learning to speak English using an AR application (Kiiciik et al., 2014). It was
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also used to determine the effectiveness of desktop VR software for high school biology
students with differing learning styles (Lee & Wong, 2014). A third example studied the
relationship between cognitive load in a VRLE and learners’ perceived sense of presence
(Huang et al., 2020).
Rationale for the Use of the CLT

The cognitive effects of CLT as applied to multimedia design provide a rationale
for why a VR world could potentially cause cognitive overload (Clark & Mayer, 2016;
Mayer & Moreno, 2003). The psychological engagement gained by a completely
captivating environment such as a VRLE could be too much for the brain to process,
increasing extraneous cognitive load. Moreover, in a VRLE, learners need to move
around and click on objects, and this embodied learning adds a new sensory input to the
working memory (Skulmowski & Rey, 2017), and there is a need to find out how this
affects learning. Many authors have agreed that measuring the cognitive load of an
instructional instrument is the best way to judge its efficiency (DeLeeuw & Mayer, 2008;
Leppink et al., 2013; Paas et al., 2003; Skulmowski & Rey, 2017; Sweller, 2020). An
instructional instrument is considered more efficient if higher performance scores are
obtained than expected, given the amount of mental effort (Ayres, 2006). Cognitive load
theorists rate instructional strategies according to an efficiency score, which is a
combination of subjective cognitive load and performance measures (Clark & Mayer,
2016; DeLeeuw & Mayer, 2008; Mayer & Moreno, 2003). Based on the literature, it was
appropriate to use CLT to compare science instruction using VRLEs with science

instruction using a traditional method to see which is more efficient.
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Measurement of Cognitive Load

The measurement of cognitive load is a vast topic in the literature. I have
organized the extant literature into two types of measurements. The first is the objective
methods that are either indirect or direct. The second is the subjective methods
comprising the multiple questionnaires and surveys developed for subjects to identify
their perceived cognitive load.
Objective Measurement

At the inception of the CLT, Sweller (2020) did not measure cognitive load
directly instead relying on measuring learning outcomes and error counting to discern the
presence of cognitive overload. Suppose students performed better in a posttest after one
type of instructional design than those students taught with a different design. In that
case, it is reasonable to conclude that the former design produced less cognitive load.
Performance is still the most common method for measuring cognitive load because it is
objective and straightforward; however, it cannot measure each type of cognitive load
separately (Sweller, Merrienboer & Paas, 2019). A more direct method of measuring
cognitive load is to measure physiological changes like heart rate variability (Paas et al.,
1994), pupil dilation (Van Gerven et al., 2004), or using electroencephalography
(Antonenko et al., 2010; Montgomery et al., 1995). This type of measuring requires
special equipment and can be cumbersome for the students (Morrison et al., 2014).
Another direct measurement method is the dual-task approach, where the timing of a
secondary task, such as foot-tapping, provides continuous measurement of cognitive load

(DeLeeuw & Mayer, 2008; Park & Briinken, 2015). This method can continuously
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measure cognitive load without cumbersome equipment; still, like all the other objective
methods, it cannot discern between the three types of cognitive load.

Paas and Van Merrienboer (1994) concluded that the best method to measure
cognitive load was a subjective measure of mental effort, which is the amount of working
memory used by the learner to perform a task. They developed a scale for students to
self-report their mental effort after a lesson. They obtained similar results when
measuring cognitive load physiologically or with their self-reporting scale. The scale is
an accepted measurement of self-reported cognitive load (Ayres, 2006; Sweller, 2011);
however, this scale does not distinguish between the three types of cognitive load either,
and this would become the most sought-after goal in the field (Ayres, 2006; Krell, 2015;
Morrison et al., 2014).

Several other self-report surveys have been developed to measure the three types
of cognitive load separately. The Naive Rating Questionnaire is reliable, valid, and has
been used successfully (Klepsch et al., 2017). However, it was inappropriate for the
current study because it has never been used with a similar population. Several studies
have used the National Aeronautics and Space Administration Task Load Index to
measure cognitive load. However, its validity as a measure of the total cognitive load has
been questioned since it does not produce results like the Pass scale, and its use is limited
to a valid measure of intrinsic load (Morrison et al., 2014; Naismith et al., 2015).

I chose to use Leppink et al.’s (2013) MES, one of the subjective measurements
available. This self-report survey was the first reliable scale to measure the three types of

cognitive load separately. Leppink et al. examined existing scales that measure either
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total cognitive load or one type of cognitive load and noticed the wording of the
questions and type of measurement scale. Cognitive load has to be measured at an
interval level, but some of the existing scales failed to do so. There was a lack of
consistency on the type of scale used, some had a range of 0—100, while others simply 0—
3 and others did not use numbers but simply low-medium-high choices (Leppink et al.,
2013). The MES has questions worded to measure the different types of cognitive load,
but the same 9-point Likert scale for all of them (Leppink et al., 2013). The MES showed
internal consistency with reliability scores that revealed Cronbach’s alpha values that
matched expectations; likewise, the validity scores and the factor analysis matched the
expected scores (Leppink et al., 2013). Additional reliability and validity scores were
performed with a population of 232 high school students (Cook et al., 2017) and again
after changing the wording to reflect a computer science course instead of a statistics
course (Morrison et al., 2014) and both obtained similar results to the original. Leppink et
al.’s MES has been used in multiple other studies to measure the cognitive load of
handheld devices by secondary students (Becker et al., 2020), to determine which lecture
method produced lesser cognitive load (Hadie et al., 2016), and to measure the cognitive
load of mobile AR system (Ibili & Billinghurst, 2019). For these reasons, Leppink et al.’s
MES was a good choice for the current study because the CLT aligned with this
instrument and helped me interpret the results because the theory and instrument also

aligned well with the study’s purpose and research questions.
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VR and Cognitive Load

VRLE:s are defined as 3D worlds that are computer created, immersive and
interactive, and accessed via a head-mounted display (Parong & Mayer, 2018). The
immersive nature of a VRLE makes it different from desktop VR or AR content and
necessitates studies that focus on how this immersion affects learning (Makransky,
Terkildsen, et al., 2019). The literature surrounding desktop VR is consistent on its
efficacy for learning, with numerous studies showing that it did not increase the cognitive
load of students (Chen, 2006; E. Lee & Wong, 2014; Makransky, Mayer, et al., 2019;
Parong & Mayer, 2018; Vesga et al., 2021). However, the elements needed to make a
VRLE world realistic, including high-resolution graphics and extensive details, may not
be necessary for learning and could cause extraneous cognitive load (Frazier et al., 2021;
Makransky, Terkildsen, et al., 2019; Zhao et al., 2020). On the other hand, the VRLE’s
ability to mimic the real world creates the learner’s sense of presence and increased
engagement (Huang et al., 2020), which could lead to deeper learning. It is also possible
that VRLE could positively affect learning things that require manipulation of the
environment, learning procedures, or task performance (Shin & Park, 2019). In contrast,
it could harm other types of learning, such as abstract concepts and ideas (Huang et al.,
2020). It is also possible that VRLE’s learning efficacy depends on a student’s learning
style (Huang et al., 2020), students’ spatial abilities (Lee & Wong, 2014; Sun et al.,

2019), or on a student’s gender (Ariali & Zinn, 2021; Ibili & Billinghurst, 2019).
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Sense of Presence

The technology used to create VRLESs creates a fully immersive environment that
can translate into the feeling of being there, called the sense of presence (Parong &
Mayer, 2021). Study results are divided on whether or not the sense of presence creates
only emotional or cognitive engagement. According to Dewey’s theory of interest, when
students are more present, they learn more (Jonas, 2011). In an older study, desktop VR
results showed that a sense of presence did correlate with increased learning outcomes
(Lee et al., 2010). However, a study of 52 university students comparing VRLE and
desktop VR showed that knowledge gained by the desktop VR group was significantly
greater with a p-value of .006, even though the sense of presence was lower (Makransky,
Terkildsen, et al., 2019).

Similarly, a study of 61 adults comparing VRLE to a PowerPoint slideshow found
the VRLE group to have significantly more presence. Still, the slideshow group scored
significantly better on knowledge and transfer tests, with a p value of less than .001
(Parong & Mayer, 2021). In other studies, the increased sense of presence found in
VRLE did yield better learning outcomes. For example, Sun et al. (2019) examined
whether a VRLE group performed better on knowledge retention tests than a slideshow
group. Another case is a study that compared reading a medical pamphlet in a classroom
with reading the exact text in a VRLE of a medical office, with the latter group scoring
better in retention tests (Baceviciute et al., 2021). Given the mixed results, there is a need
for further examination to understand better how VRLE can contribute to learning

beyond just the sense of presence.
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Cognitive Effects

Meyer et al. (2019) examined whether the cognitive effects of CLT apply to
VRLE or if they apply differently in differing media. Multiple authors have attempted to
answer this question by performing studies focusing on one cognitive effect. An example
of this is the split-attention effect that must be balanced with audio's transient nature in
animations and videos. Studies have shown that adding static images to animations
lessens the cognitive load and improves test scores by providing visual cues that direct
the learner's attention and help retain the information (Shin & Park, 2019). When a study
aimed to replicate these results by adding static images inside a VRLE the results showed
a decrease in cognitive load compared to the same VRLE without the images. Still, no
significant difference was found in the test scores (Shin & Park, 2019). Another study
also focusing on adding visual signaling to VRLE to reduce cognitive load found no
significant difference between the cognitive load of the group in a VRLE with visual
signaling and one without it (Nelson et al., 2016). The mixed results indicate the need to
study cognitive load in VRLE further.

Another cognitive effect is segmenting information into small parts to lessen
element interactivity, decreasing the intrinsic load (Clark & Mayer, 2016). Parong and
Mayer (2018) aimed to lessen the cognitive load of VRLE by applying the segmentation
effect and asking students to pause and write summaries before continuing through the
lesson. The VRLE group with segmentation scored better in posttests while maintaining
the same level of interest (Parong & Mayer, 2018) showing the cognitive effect to work

in VRLE just as it does in other media.
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Zhao et al. (2020) advocated for using cognitive effects in VRLEs to ensure
students are cognitively active and not just passively engaged. Their study tested the
summarizing strategy by randomly separating 75 college biology students into two
VRLEs groups and two interactive video groups. The summarizing strategy was equally
beneficial in knowledge retention and lower cognitive load in the VRLE group with p <
0.01 and the interactive group with p < 0.04 (Zhao et al., 2020). These results show that
once again, the cognitive effect works similarly in a VRLE as in other media.
Measuring Types of Cognitive Load

One way to further explore the mixed results in the literature is to measure the
three types of cognitive load separately when using VRLEs. This approach might shed
light as to why in some studies, the cognitive load of VRLEs was higher than the non-
VRLE group (Frederiksen et al., 2020; Makransky, Terkildsen, et al., 2019; Parong &
Mayer, 2018; Vesga et al., 2021) while in others the cognitive load of the VRLE group
was lower (Baceviciute et al., 2021; Dan & Reiner, 2017; Sun et al., 2019). Moreover,
multiple studies found no difference in cognitive load between the two groups
(Frederiksen et al., 2020; Huang et al., 2020; Lamb et al., 2018; Luong et al., 2019;
Nelson et al., 2016; Shin & Park, 2019; Zhao et al., 2020). The effectiveness of an
instructional tool is not simply a lowering of overall cognitive load but to lower the
intrinsic and extraneous load and to increase the germane load while avoiding cognitive
overload (Sweller, 2020). A few of the studies listed above attempted to measure the
types of cognitive load separately. For example, Parong and Mayer (2021) concluded that

the VRLE self-reported scores showed a significant difference (p =.004) in extraneous
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loads but not intrinsic or germane loads. They also found no difference in the workload as
measured by EEG (Parong & Mayer, 2021). Vesga et al. (2021) showed that the
increased presence of VRLEs led the student to exert more effort which led to high GL
readings but did not find evidence of cognitive overload. There is need for further studies
that measure cognitive load separately for students engaged in VRLEs.
VR and Science Education

VRLE:s use in the high school science classroom has dramatically increased in
recent years and is expected to continue (Zhang et al., 2020). Many benefits have been
associated with VRLEs and their use in secondary science education. Among them is an
improved scientific attitude (Astuti et al., 2020; Cheng & Tsai, 2019; Hu Au & Lee,
2017; H.-M. Huang & Liaw, 2018; Makransky & Lilleholt, 2018). The increased
performance by students in posttests and knowledge retention tests (Bogusevschi et al.,
2018; Cai et al., 2017; Hatchard et al., 2019; Makransky, Terkildsen, et al., 2019) is
another benefit, as well as the possibility and benefits of virtual field trips to locations
otherwise unreachable by the students (Cheng & Tsai, 2019; Lin et al., 2011; Petersen et
al., 2020). Moreover, the possibility of online science courses or advanced lab sciences in
rural areas due to the expediency of virtual labs is another area of growth (Bogusevschi et
al., 2020; Hatchard et al., 2019; Makransky, Terkildsen, et al., 2019; Torres et al., 2015).
In this section, I organized the literature by VRLEs and scientific attitude, student

performance, virtual field trips, and virtual labs.
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Scientific Attitude

One way that VRLEs has been examined in high school science classrooms is
their effect on students’ attitudes toward science. There is a growing decline in interest in
advanced science classes at the secondary and post-secondary levels (Bogusevschi et al.,
2020). The abstract nature of scientific concepts can add to students’ belief that science is
too difficult or tedious. Several studies have shown that VRLEs can increase students’
interest in the sciences and their attitude toward science (Astuti et al., 2020; Gardufio et
al., 2021). Science attitude is vital because when student interest in a subject increase,
learning achievements also tend to increase (Boda & Brown, 2020). In a study of 96 high
school students comparing a chemistry lesson taught in a VRLE versus one taught in a
conventional classroom, 95% showed increased scientific attitude and critical thinking
skills (Astuti et al., 2020). Similarly, in a study of 304 high school students using VRLEs
to learn chemistry, 72% showed increased interest and attention (Gardufio et al., 2021).
Moreover, VRLEs showed an increased interest and attitude with a group of 308
undergrad students (Huang & Liaw, 2018), with 65 high students learning wave energy
(Huynh et al., 2016), and with 16 high students learning about plastics and the
environment (Keller et al., 2018). Numerous other studies have found an increase in
interest and attitude (W. K. Liou & Chang, 2018; Makransky & Lilleholt, 2018;
Nersesian et al., 2019b; Parong & Mayer, 2021).

Using VRLEs in high school science classes affects an interest in science for
several reasons. First, VRLEs help make tangible and present processes at the molecular

level or inaccessible locations, making science more attractive to students (Nersesian et
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al., 2019b; Petkov et al., 2019). VRLEs also allows students to manipulate objects they

are studying, taking advantage of the benefits of embodied learning (Boda & Brown,
2020). Scientific attitude is more than just an increase in interest; it is an attitude of the
mind open to inquiry and problem-solving (Astuti et al., 2020).
Performance

The increased interest in science and a desire for inquiry raised by the use of
VRLE:s in high school science classes has also led students to score higher than the non
VRLE students in posttests and retention knowledge tests (Bogusevschi et al., 2018;
Jitmahantakul & Chenrai, 2019; Lai et al., 2022; W. K. Liou & Chang, 2018; Nersesian
et al., 2019b; Southgate, 2019). Ninety-three students from three different high schools
taking a geology class were given a lesson using a VRLE (Jitmahantakul & Chenrai,
2019). The students took a pretest and a posttest, and the results showed that the average
posttest scores were significantly higher than the pretest scores with p = .05, and showing
learning gains of the students improved by 22%-28% (Jitmahantakul & Chenrai, 2019).
Similarly, 52 secondary students were divided into VR and non-VR groups and learned
about the water cycle, and 74% of the VR students showed knowledge gain between the
pretest and posttest compared to 48% of the non-VR (Bogusevschi et al., 2018). Positive
test results have also been shown with elementary students, as in the pretest and posttest
study of 24 fifth graders, student learning improved by 27.67% when learning about
ecosystems (Khotimah et al., 2021). More important than just increased test scores, in a
study with 56 Grade 9 students learning science, the VR group showed higher order

cognitive abilities such as critical thinking and problem-solving (Southgate, 2019).
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However, research on VRLE and performance has also been done with older
students. For example, in a study with 54 university students, the VR group did not show
more significant learning outcomes than a traditionally taught group (Makransky,
Terkildsen, et al., 2019). Results showed that the non-VR group learned significantly
more knowledge with p = .040. Similarly, in another study of 55 college students
studying biology, the non-VR group had significant learning gains with p = .003 (Parong
& Mayer, 2018). Current research shows that VRLE tends to affect the younger
populations differently than the older ones, indicating a need for studies like this one,
which focuses on the effect VRLE has specifically for the high school population.
Virtual Field Trips

Another widespread use of VRLESs in science classrooms is virtual field trips.
VRLE:s allow students to experience and explore places and phenomena that are
otherwise unreachable, dangerous, or too expensive to visit. A virtual field trip is a way
to visit a location without traveling there and allows students to have a first-person view
of the place (Lin et al., 2011). A group of high school students participated in a virtual
field trip to Greenland to study the effects of climate change. The experience of seeing
the effects of global warming on the ice sheet created a desire for action and further
inquiry (Petersen et al., 2020). The students took a pretest and posttest regarding interest
and knowledge of climate change, and there was a significant increase in interest with p <
.0005 and an increase in transfer scores (Petersen et al., 2020). Climate change is just one
example of how a complicated scientific topic can be witnessed or experienced inside a

classroom or laboratory. Virtual field trips allow students to interact with and analyze a
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location in ways that authentic travel does not, enhancing the learning value of the virtual
trip (Cheng & Tsai, 2019; Petersen et al., 2020). For example, a group of high school
students studying geology who participated in a virtual field trip to a national park were
asked to figure out why the water in the lake was bubbling. Since there are no physical
limitations in a virtual field trip, students could go underwater and explore in a way not
possible in a real trip to the same park. (Lin et al., 2011). In this virtual field trip, students
could watch a volcanic eruption up close and in slow motion if desired.

Another aspect of the value of virtual field trips is their impact on lower
socioeconomic schools or remote rural areas where a field trip to otherwise easily
accessible locations is not possible (Kenna & Potter, 2018). Teachers use field trips half
as often as they did 30 years ago (Kenna & Potter, 2018). Teachers cite a lack of funds,
refusal to admit liability by schools, and lack of Americans with Disabilities Act
accommodations, among the many reasons they no longer plan field trips. Therefore,
virtual field trips provide an alternate way to create experiential learning opportunities
not hindered by these concerns (Kenna & Potter, 2018). Virtual field trips also provided a
way for students to have access to these opportunities during the global pandemic of
COVID-19, not only during the remote learning of the shutdown but also afterward with
the limitations imposed by legal restrictions (Gielstra et al., 2021; Mcpherson et al., 2021;
Price & de Ruiters, 2021). International travel became difficult due to border closures,
and domestic trips became almost impossible due to the restrictions that led to increased

use of virtual field trips after the shutdown (Gielstra et al., 2021).
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Moreover, the pandemic deepened the lack of funds available for actual field trips
due to the higher cost of making face-to-face education safe for everyone (Gielstra et al.,
2021). Ultimately, virtual field trips are not meant to replace actual field trips but to
provide a way for students to experience some of the benefits of actual field trips when
these are not possible (Seifan et al., 2020). In summary, field trips have been shown to
contribute to the increase in scientific attitude and interest, making virtual field trips a
valuable part of the science classroom in instances where it is not feasible to have an
actual field trip.

Virtual Labs

Due to the high cost of obtaining and maintaining such equipment, many
secondary schools lack the proper equipment in the science labs to run the experiments
required in advanced science courses like chemistry and physics (Bogusevschi et al.,
2020). Many schools do not have an introductory lab due to a lack of space and funds,
making science harder to learn. Students cannot perform the activities to develop the
cognitive processes necessary to understand the content (Torres et al., 2015). VR labs
provide an affordable solution to these situations, making advanced science courses
available to a larger part of the population (Bogusevschi et al., 2020). In the past, schools
in these situations have turned to online courses to provide access to these advanced
courses. However, the online courses lack a lab component, making the courses purely
theoretical and hard to comprehend (Kumar et al., 2021). VR labs are one of the ways
online schools can offer advanced science courses that universities now accept to fulfill a

lab requirement.
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VR labs allow students to repeat experiments as often as desired, see how the
outcomes differ, and attempt further experiments. The students can manipulate the
specimens, tools, and chemicals at their disposal since it is a virtual space with no
additional cost other than time (Kumar et al., 2021; Lai et al., 2022). The increased
availability of resources makes virtual labs an excellent tool for scientific inquiry and
exploration, which increases comprehension (National Research Council, 2000). In a
study of 66 high school students separated into VRLE and Desktop VR, the Desktop
group scored higher in the immediate posttest; however, the VRLE group scored higher
in the later follow-up test (Lai et al., 2022). Virtual labs are helping high school students
to understand the concepts better because they can experiment with the material in ways
beyond those prescribed in a textbook.

Cognitive Load and Science Education

Science education is an essential topic for governments worldwide because the
only way to move forward and grow is not based on the number of natural resources but
on innovative solutions (Ugar & Sungur, 2017). Economic progress for countries has
often come about when they find ways to be more efficient, decrease pollution, cure more
diseases, or develop better software; in other words, scientific development has been the
key to moving them forward (Johnson, 2012; Murphy et al., 2018). The link between
scientific progress and economic growth has led governments to be involved in
improving science education. Wishing to increase the number of scientists in the field,
governments are recruiting students who want to study science at the university level;

however, that requires students who enjoy and understand science at the secondary or
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high school level (Aguilera & Perales-Palacios, 2020). Researchers worldwide report that

high school students are losing interest in science and scoring poorly in national science
scores. Low scores in science courses and tests are a global problem, with researchers
reporting low scores in Nigeria (Achor et al., 2019; Etobro & Fabinu, 2017), Spain
(Aguilera & Perales-Palacios, 2020), Turkey (Bal-Incebacak et al., 2019; Ucar & Sungur,
2017), Indonesia (Hidayati et al., 2020), Jamaica (Lodge, 2021), Bhutan (Nidup et al.,
2021), Netherlands (Santi & Gorghiu, 2019), Norway (Steier & Kersting, 2019), Taiwan
(Weng et al., 2018), and the United States (Murphy et al., 2018; National Center for
Education Statistics, 2015; Patall et al., 2019; Zhang, 2019). When science scores and
student interest are reported low globally, the problem is likely associated with something
inherent to the subject. The problem cannot be attributed to local circumstances like
teaching methods, textbooks, or classroom management. When concepts are complex,
they have a high intrinsic cognitive load, which can easily lead to cognitive overload if it
exceeds the working memory’s capacity (Sweller et al., 2019). Suppose the student
becomes overloaded, as it might with learning science content. In that case, students
cannot move the information into the long-term memory, which is joined with prior
knowledge, and, therefore, cannot be understood (Makransky, Terkildsen, et al., 2019).
The literature on cognitive load and science education has been divided into three
parts. First, research that focuses on the subject matter's inherent difficulty, then on the
reasoning schemas needed to learn the subject matter, and lastly, literature on
interventions to decrease the intrinsic load of the subject matter or eliminate the extrinsic

load as much as possible.
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Inherent Complexity of Learning Science

Science education encompasses different disciplines, and research studies have
shown that learning science is inherently complex. Students and teachers of secondary-
level physics agree that learning about Newton’s Laws, waves, energy quantization, and
others is difficult to comprehend (Achor et al., 2019). Concepts of space and time and
Einstein’s theory of relativity are also challenging for students to grasp because they
contradict students’ reality experiences (Steier & Kersting, 2019). Researchers also found
Faraday’s law of electromagnetic flux is a tricky concept to teach at the secondary level
due to its lack of concreteness (Kokkonen et al., 2022). The complexity of these science
topics poses a high level of intrinsic load that, despite different teaching methods,
remains an obstacle to student comprehension (Achor et al., 2019; Aguilera & Perales-
Palacios, 2020; Etobro & Fabinu, 2017; Hidayati et al., 2020; Santi & Gorghiu, 2019).

Science education comprises many topics that cannot be seen by the naked eye
and of which students have very little prior knowledge. For example, in a study of 100
high school students, 45% rated organic chemistry as a complicated subject, and 59%
preferred other aspects of chemistry (Nartey & Hanson, 2021). This same group of
students named “preparation and chemical reactions of alkenes, preparation and chemical
reactions of alkynes, structure, and stability of benzene, reactions of benzene, comparison
of benzene and alkenes” as the most challenging things to learn (Nartey & Hanson, 2021,
p. 331). These topics are abstract and difficult to observe with the naked eye, making
teaching them as tricky as learning them. Survey results from 90 high school students

showed chemistry as their least favorite subject even though they report to like their
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teachers (Nidup et al., 2021). Some areas of chemistry, like some of the physics

curriculum, are not learned by natural observation but by reading textbooks and listening
to explanations. Concerning the biology curriculum, a study of 400 students found that
they had difficulty with topics of “nutrient cycling in nature, ecological management,
conservation of natural resources, pests and diseases of crops as well as reproductive
system in plants” (Etobro & Fabinu, 2017, p. 139). When students find science lessons
more difficult than others, they start to believe that they cannot succeed, leading to
disengagement with the subject matter (Patall et al., 2018). Less difficult ones must
surround complex topics, so students do not get discouraged and stop trying. Using
appropriate language and breaking down the information into small chunks is vital. Yet, a
study of 450 students found that biology textbooks used complicated and confusing
vocabulary and complex sentence structures (Lodge, 2021). The textbook language's
complexity increases the lessons' intrinsic load and leads students to disengage with the
content.

As lack of engagement decreases aptitude, the opposite is also true. When science
lessons are presented engagingly, the students are more likely to increase their effort
when challenged by a complex topic (Martin et al., 2020). Researchers have shown that
keeping students engaged with the content has increased achievement scores, motivating
students to spend more cognitive resources on complex topics and lowering the overall
cognitive load (Martin et al., 2021). Cognitive overload can be avoided by decreasing the
load of the material or by increasing the students' cognitive capacity, which can be

achieved by increasing interest. Research also shows that students with more prior
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knowledge have a lower cognitive load which allows them to invest more cognitive
resources to learn complex topics and are more likely to stay engaged. The study showed
that prior knowledge significantly affected engagement with p < 0.01 (Dong et al., 2020).
Educators have tried many ways to keep students engaged with science instruction, but
engaging students experiencing high cognitive load levels is not easy.

Scientific Reasoning and Cognitive Load

According to CLT, information passes from the working memory to the long-term
memory using cognitive schemas by which the information can be organized and united
with prior knowledge (Sweller et al., 2019). Some schemas are formed simultaneously as
primary knowledge is formed by intuition and other biological methods; other schemas
are developed as a child grows and learns secondary knowledge (Sweller, 2016). The
more complex the information being learned, the more advanced schemas the brain needs
to integrate into long-term memory. Science education encompasses complex concepts,
and the adolescent brain does not always possess the necessary schemas to process that
information (Wei et al., 2021; Zhang, 2019). Science teachers must teach the concepts
and schemas, or reasoning capabilities needed to process the information correctly
(Johnson, 2012).

Secondary science education provides the adolescent brain with new cognitive
skills, such as problem-solving, scientific reasoning, and risk-taking (Bal-Incebacak et
al., 2019). These skills allow students to make inferences about a problem, make
hypotheses, and rearrange possible solutions (Bal-Incebacak et al., 2019), which can be

used to process new information. Science education focuses on acquiring scientific
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notions and the critical skills necessary to research new ideas and further inquiry (Santi &
Gorghiu, 2019). The Next Generation Science Standards drafted in 2013 moved away
from listing scientific information to focusing on 21st-century skills that prepared
students to discern the quality of scientific information in the modern world (Murphy et
al., 2018; Wei et al., 2021). The modern world requires all citizens to understand and
judge the technologies and advances an advanced society produces. The Next Generation
Science Standards advocates the need for students to engage in scientific dialogue by
identifying evidentiary data and making empirically informed decisions (Settlage &
Southerland, 2019). The role of the secondary science teacher is to help students develop
thought processes that enable them to sift through the scientific information they need to
master (Settlage & Southerland, 2019). Developing reasoning skills and other epistemic
tools adds to the intrinsic load of science education.
Interventions to Reduce Cognitive Load

Several studies address the problem of the high cognitive load of science
education by introducing innovative tools or methods to teach science and then
comparing the cognitive load before and after. Sometimes, the researchers did not
introduce anything new but compared the cognitive load of the already used methods. For
example, Chen et al. (2019) measured the cognitive load of having students draw
diagrams after a lesson versus having them write a summary. The results showed that
drawing diagrams lowered the cognitive load of the lesson more than summaries but that
students with less prior knowledge needed assistance in how to draw them (Chen et al.,

2019). It is important to note that even though prior knowledge still played a role in the
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amount of cognitive load experienced by the students, the diagram was still more helpful
than the summary in reducing the total load experienced. Lardi and Leopold (2022)
examined the diagram strategy more closely and compared having students create the
diagrams themselves versus having students and teachers create the diagram together.
The teacher-generated diagram was created interactively with the whole class so that the
teacher followed the students’ directions on what to draw and where; this strategy
lowered the cognitive load more than the student-generated drawing strategy (Lardi &
Leopold, 2022). Similar studies focused on other strategies, such as the use of worked
examples (Saw, 2017), the use of argumentation style (Yildirir, 2020), and hands-on
inquiry-based strategies (Zhang, 2019).

Another group of studies focuses on technological interventions that attempt to
lower cognitive load. Like the previous studies, these compare the cognitive load of a
group that uses a tool that the other group does not have. For example, Becker et al.
(2020) studied the use of tablets to teach motion in a group of 286 high school students
and reported that the group using the tablets had a lower extrinsic load with p <10~ and
an increased germane load with p = 0.041. It is important to note that an instructional tool
is considered efficient if it lowers the intrinsic or extraneous load and increases the
germane load (Sweller, 2020). Not all studies concluded the tool under examination was
better, as was the case with interactive textbooks. Weng et al. (2018) measured the
cognitive load associated with interactive versus paper textbooks with 44 junior high
school students. They found that the group using the interactive textbooks had a higher

perceived cognitive load as measured by the Leppink survey. The abundance of studies
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shows that science is inherently challenging to teach and learn. Examining innovations
that could reduce secondary students’ cognitive load could help improve students’
understanding of science.

Summary and Conclusions

In this chapter, I discussed a consensus that virtual reality raises student interest in
science (see Astuti et al., 2020; Garduio et al., 2021). VRLEs have been shown to help
make abstract scientific concepts visible to the students and take them to remote
locations, keeping students engaged and wanting to learn more (Nersesian et al., 2019a;
Petkov et al., 2019). Yet there is disagreement about whether this new interest also leads
to an increased scientific aptitude. Some authors have shown that, indeed, because of the
increased interest, students put more effort into comprehending the new material, which
often leads to better scores (Bogusevschi et al., 2020; Jitmahantakul & Chenrai, 2019; Lai
etal., 2022; W. K. Liou & Chang, 2018; Nersesian et al., 2019a; Southgate, 2019).
However, other studies show no cognitive gain in VRLE groups compared to other
learning methods (Meyer et al., 2019; Parong & Mayer, 2018). The increased interest
could be an emotional experience that can cause cognitive overload and not lead to
cognitive gains (Makransky, Terkildsen, et al., 2019).

There is also agreement in the literature that students in secondary science
education are often disengaged, frustrated, and do not pursue more advanced courses
(Achor et al., 2019; Aguilera & Perales-Palacios, 2020; Bal-Incebacak et al., 2019;
Etobro & Fabinu, 2017; Hidayati et al., 2020; Lodge, 2021; Nidup et al., 2021; Santi &

Gorghiu, 2019; Ugar & Sungur, 2017).
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Many technological instruments have been tried to improve the learning outcome
results (Hochberg et al., 2020; Weng et al., 2018) with varying degrees of success. In
recent years, VRLEs have also been used in science education to increase student
performance, but there is disagreement as to its effectiveness. Those that oppose it claim
that VRLESs use unnecessary instructional elements that cause the students to be
distracted and experience cognitive overload (Makransky, Terkildsen, et al., 2019;
Parong & Mayer, 2018). The ones that are in favor claim that VRLEs reduce the intrinsic
cognitive load inherent to the subject matter by increasing student effort and by making
things visible in a three-dimensional manner (Dan & Renier, 2017; Martin et al., 2021;
Dong et al., 2020; Nersesian et al., 2019b; Petkov et al., 2019). It is uncertain whether the
gain in decreased intrinsic load makes up for the increased external load. The gap that
remains is studies that focus on measuring the three types of cognitive load separately
and see if students experience cognitive overload. In Chapter 3 I describe my study
methodology to explain how I collected the student data and which statistical tests I

performed to analyze the results.
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Chapter 3: Research Method

The purpose of this quantitative quasi-experimental study using a nonequivalent
control group design was to determine if the cognitive load experienced by high school
students who use a VRLE during science instruction is significantly different compared
to those taught using traditional methods. To accomplish this, I used archival data from
high school science students in various courses offered at a private high school in a
western U.S. state that is referred to with the pseudonym of Private High School (PHS).
The data points were derived from students who completed Leppink’s MES after a
science lesson; some were taught using a VRLE, and other students were not, thus,
creating the opportunity for new comparison research. Outcome measures for the study
were part of PHS’s MES requested by the science department chair to be given to science
class students after the introduction of VRLEs in the department. I conducted this study
to address the gaps in the literature noted in Chapter 2 by measuring self-assessments of
the students’ three types of cognitive load.

In Chapter 3, I present the research methodology used in the study. I start by
describing the research design and the rationale for implementing this research design in
the study.. The methodology is discussed in the next section, including the study
population, data collection, instrumentation, and outcome measures. The chapter
concludes with threats to validity and the ethical procedures followed in this study.

Research Design and Rationale
The research questions were focused on the cognitive load experienced by high

school students in Grades 9—12 who use VRLEs in science classes compared to those
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taught using traditional methods as measured by the self-reported MES. In this
quantitative quasi-experimental design study with nonequivalent groups, I examined how
the independent variable of method of science instruction affects the dependent variables

of intrinsic cognitive load, extraneous cognitive load, and germane cognitive load. The

research questions and corresponding hypotheses are presented in Table 1.

Table 1

Variables and Statistical Treatment by Hypothesis

H vV DV Statistical treatment

When measured by Mental Effort Survey,  Method of Sum of Mental Effort Survey ~ Compare the means of the two
the intrinsic cognitive load experienced science unit scores for questions 1-3. groups measured by Leppink’s
by high school students who use VRLE instruction. Mental Effort Survey with two
during science instruction is significantly independent sample 7 tests.
different than the cognitive load

experienced by high school students

receiving traditional science instruction.

When measured by Mental Effort Survey, ~ Method of Sum of Mental Effort Survey =~ Compare the means of the two
the extraneous cognitive load experienced  science unit scores for questions 4-6. groups measured by Leppink’s
by high school students who use VRLE instruction. Mental Effort Survey with two
during science instruction is significantly independent sample ¢ tests.
different than the cognitive

load experienced by high school students

receiving traditional science instruction.

When measured by Mental Effort Survey,  Method of Sum of Mental Effort Survey =~ Compare the means of the two
the germane cognitive load experienced science unit scores for questions 7—10. groups measured by Leppink’s
by high school students who use VRLE instruction. Mental Effort Survey with two

during science instruction is significantly
different than the cognitive

load experienced by high school students
receiving traditional science instruction.

independent sample ¢ tests.

Note. H = hypothesis, IV = independent variable, and DV = dependent variable.

The quasi-experimental research with a nonequivalent control group design is

similar to a proper experimental design in that it involves the manipulation of an

independent variable to see its effect on a dependent variable; however, it differs in not

using random assignment of participants to conditions (Burkholder et al., 2016). One

example of a quasi-experimental design is a nonequivalent control group design, in which
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two groups are compared; still, the groups are not randomly assigned and may differ in
other ways besides the intervention being studied (Coleman, 2022)

The design was appropriate to answer the research questions because students
were enrolled and placed into previous existing groups comprised of several versions of
the same course taught by different teachers at various times of the day. Placement into
one group or another was somewhat random because teachers chose which method to use
(i.e., VRLE or traditional). Scheduling the students with one teacher or another was based
on availability and conflict with other required courses. The use of nonequivalent control
groups is often seen in education due to the internal organization of schools (Coleman,
2022). Warner (2013) stated that although quasi-experimental designs provide weaker
evidence, they have more substantial external validity because the interventions occur in
a real-world setting such as schools.

Quantitative quasi-experimental designs can be used to study the effectiveness of
educational technology interventions in various settings. In the current study, I used a
quasi-experimental design to determine the impact of VRLEs on student cognitive
processes to see if it is an effective tool to use in the classroom. Depending on the method
the teacher of the course used, I assigned students’ archival data sets to the control group
or the group participating in the simulation with a VRLE. The research questions have
three outcome variables: one independent variable with two categories. The three
outcome variables are the subscores Leppink MES that focus on the different types of

cognitive load and are measured using an interval/ratio 1-10 Likert scale.
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The independent variable method of science instruction consists of two levels:
One level is science students taught using a VRLE and the other level is students taught
by traditional methods. The choice of VRLE was entirely up to the teacher, and the
survey was completed during class time as required by the department chair. Teachers of
the same course and level must meet weekly at PHS to ensure the same pace, content, and
exams are used regardless of who teaches a course; however, the manner of teaching the
content is up to the teacher’s preference.

Methodology

In this section, I provide information regarding the population of the study,
explain how archived data were gathered and how data included a traditional teaching
method group and a group participating in a VRLE, present an overview of the
instrument used, and describe how variables in the study were operationalized and
analyzed. My role as the researcher was consistent with my present position as the
educational technology specialist at PHS. A donation of 24 VR headsets was given to
PHS, and they were preloaded with science lessons that match the national curricula. The
teachers at the school were given the choice of using the headsets by requesting them
from the IT department. The science department chair wanted to measure the
effectiveness of the headsets before deciding to purchase more of them, so after
consulting with me, the educational technology specialist, the department chair used the
Leppink MES to measure the headset’s effect. Archival data of the survey results were

used in this study from the students enrolled in a high school science course.
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Population

The target population for this study was high school students enrolled in a science
class while attending PHS. The science courses at PHS are open to all students in Grade
Levels 9-12 who meet the prerequisites. PHS is a private institution in the western U.S.
focusing on college preparatory courses. The student demographics at PHS are 62%
European American, 12% multiracial, 11% Hispanic, 9% Asian, 3% Other, 2% African
American, and 1% Native American. The male-to-female ratio is 54% male and 46%
female. Although the school is in a high socio-economic area, 30% of the student body
received financial aid to attend the school. The archival data that [ used has 223 students
who completed the survey right after a science lesson during the 2021-2022 school year.
The students in this population took a science class in which the teacher chose to use a
VRLE as a method of instruction for one lesson or chose a traditional method. Students
were assigned to one teacher or another by scheduling software based on schedule
constraints.
Procedures for Using Archival Data

Researchers using archival data formulate a research question that fits the data
accessed (Elder et al., 1993). Using data that fits a question is considered a type of
purposive sampling. Nonprobability purposive sampling, also known as judgment
sampling or subjective sampling, involves selecting a sample based on the researcher’s
judgment about which population members are most relevant or informative to the
research question (Daniel, 2012). This method is often used when the researcher has a

specific focus or theory in mind and wants to select a sample that will be particularly
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useful for testing or exploring that theory (Daniel, 2012). Nonprobability purposive

sampling from archival data is a quick and efficient way to gather data, especially if the
researcher has a clear idea of who or what they are looking for (Daniel, 2012). For the
current study, the existing MESs were an appropriate choice for the study of the effects of
VRLEs on student cognitive processes.
Power Analysis for Sample Size

Power is a statistical concept that refers to the probability that a study or
experiment will detect an effect or relationship of a particular size, given a specific
sample size and significance level (Frankfort-Nachmias & Leon-Guerrero, 2018). Power
analysis for sample size in an archival data set is calculated differently since the sample
size is predetermined (Cohen, 1969). One of the benefits of using archival data for power
analysis is that it can provide a more accurate estimate of power because it is based on
actual data rather than assumptions about the population or the effect size; therefore, in
studies with archival data with a known sample size, the power, and calculation are post-
hoc analyses that compute the power given an alpha, a sample size, and an effect size
(Cohen, 1969). In this study, the total number of participants was 223, with 141 in the
traditional method group and 82 in the VRLE group, and the effect size was set to the
standard 0.5 and alpha to 0.05, which resulted in a powerful effect of 0.94. This is well
over the 0.8 threshold required, which corresponds to an 80% chance of detecting an
effect if it truly exists (see Appendix A). Cohen (1969) provided calculations that
necessitated 64 participants per group for a power of .80, a medium effect size, and an

alpha of .05. The VRLE group was comprised of those students who were taught with a
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VRLE for one lesson, and the traditional group was comprised of all other students who
were taught that same exact lesson in a traditional manner.
Procedures for Using Archival Data

The science department at the study site chose a survey to provide data showing
whether a VRLE helped students understand and retain science lessons better than the
traditional methods. The Leppink’s MES was used. Permission to use the survey from the
author is found in Appendix B. The survey was put into Microsoft Office Forms, and the
science chair distributed it to the science teachers and instructed them to give the students
the survey for each VRLE lesson they taught. In addition, teachers teaching the same
lesson without VRLE were told to also give the survey.

Since [ was aware of the use of VR headsets and the survey, I searched the
literature when it was time to conduct this study. I found a gap regarding the use of
VRLE:s and their effect on the cognitive load experienced by students, precisely the three
types of loads measured separately and from the student experience. I discussed the use
of the existing student level data with the school principal and was granted permission to
use it. [ obtained Walden University’s Institutional Review Board (IRB) approval on May
5th, 2023.

Instrumentation, Validity, and Reliability

The MES used in this study was developed by Leppink et al. (2013) as a multi-
item measurement of cognitive load to obtain a global composite measurement for each
type of cognitive load. The instrument is composed of nine questions using a 10-point

Likert scale. The authors used Sweller’s (2011) CLT to describe cognitive load,
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especially the qualities of cognitive load and how to know if cognitive overload has
occurred. In the instrument, 0 means not at all the case and 10 means completely the case
as students are asked about the difficulty and complexity of a statistics lesson. Multi-item
measurements are more reliable than single-item measurements and are measured for
internal reliability (Warner, 2013). The MES has three questions to measure intrinsic
load, three to measure extraneous load, and four to measure germane load. The validity of
a measurement tool refers to its ability to accurately measure what it is intended to
measure (Frankfort-Nachmias & Leon-Guerrero, 2018). In the case of the Leppink MES,
the instrument’s validity depends on its ability to assess the three types of cognitive load
accurately. There are several ways to assess the validity of a measurement tool, including
criterion-related validity, construct validity, and concurrent validity (Warner, 2013).
Warner (2013) further stated that criterion-related validity refers to the degree to which
the scores on a measurement tool are related to an external criterion or standard. To
assess the instrument’s validity, Leppink et al. compared the results of measurements
from the new instrument with previously accepted means of measuring different types of
cognitive load. The authors experimented with psychology students and added four
questions to the instrument from previously one-measurement accepted scales. One
question was Paas’s scale for measuring cognitive load, another from Ayres’s scale for
intrinsic load, another from Czerniak’s scale for extraneous load, and the last one from
Czerniak’s scale for the germane load (Leppink et al., 2013). The results did not reach an
R2 for Czerniak’s scales, so a third study was performed to test cross-validity. The third

study administered the 10 questions of the new instrument to 136 psychology students



56

and compared the results with the answers to the 10 questions of the previous group of
students in the second study. Results showed that measurements for the three types of
cognitive load were significantly correlated between the two studies (Leppink et al.,
2013).

Construct validity refers to the degree to which a measurement tool relates to
other related constructs or variables (Warner, 2013). The Leppink MES has been
compared to other measures of cognitive functioning, such as memory or problem-
solving ability, to assess its construct validity. Leppink et al. (2013) experimented with
56 Ph.D. students taking a statistics class to test the internal reliability and performed
principal component analysis. The results showed Cronbach’s alpha values of .81 for the
three questions measuring intrinsic load, .75 for extraneous load, and .82 for the germane
load.

Data Analysis Plan

For this quantitative quasi-experimental with a nonequivalent control group study,
I conducted three separate two-tailed ¢ tests, one for each type of cognitive load. I used
Statistical Package for Social Sciences Version 28.0 for statistical analysis. Before I
started data analysis, I cleaned the data for the two groups being compared and then
checked for normality and equal variances between the two groups using visualizations
and statistical tests. I then conducted the # tests and calculated the ¢ and p values for each
type of cognitive load. The results helped me answer the research questions. Since the
cognitive load experienced by one group could be greater than or less than the cognitive

load of the other group, it was appropriate to use a two-tailed ¢ test. The null hypothesis
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for a two-tailed ¢ test is that there is no difference between the means of the two groups,
and the alternative hypothesis is that there is a difference (Frankfort-Nachmias & Leon-
Guerrero, 2018). The ¢ test calculates the # value, which measures the difference between
the means of the two groups in terms of standard error units, and the p value, which is the
probability of getting a ¢ value as large or more significant than the one observed,
assuming the null hypothesis is true (Frankfort-Nachmias & Leon-Guerrero, 2018).

Before performing the three 7 tests, [ added the scores for Questions 1-3 for each
survey to obtain a score for the intrinsic cognitive load experienced by the student. I then
added the scores for Questions 4—6 to obtain a score for the extraneous cognitive load
experienced and added Questions 7—10 to obtain the germane cognitive load score. For
each ¢ test, the independent variable was the method of science instruction (i.e., VRLE or
traditional), and the independent variable was the score for each type of load. Since
students were in a class with a teacher who chose a VRLE or in a class with a teacher
who chose a traditional method, the two groups were independent of each other. I
checked the following statistical assumptions:

1. Independence: The observations in each group should be independent.

2. Normality: The data in each group should be approximately normally
distributed. This assumption can be checked using visualizations such as a
histogram or a normal probability plot.

3. Equal variances: The variances of the two groups should be equal. This
assumption can be checked using statistical tests such as Levene’s test or

Bartlett’s test.
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4. Random sampling: The samples should be randomly selected from the
population.
5. Large sample size: The sample size should be large enough to ensure that the
sampling distribution of the mean is normal.
Threats to Validity

Threats to validity refer to any factors that could influence the results of a study
and lead to inaccurate conclusions (Robert, 2011). Some common threats to validity in a
two-tailed ¢ test include selection bias, confounding variables, measurement errors, or
data analysis errors (Robert, 2011). Selection bias occurs when the groups being
compared are not truly representative of the population from which they were selected,
and this can happen if the sample is not randomly selected or specific subgroups are
underrepresented or excluded from the study (Robert, 2011). Confounding variables are
related to both the independent variable and the outcome variable and can influence the
relationship between the two. In the current study, a teacher’s skill could be considered a
cofounding variable. Measurement error occurs when the measurements used to assess
the variables of interest are not accurate or unreliable, leading to inaccurate results and
conclusions (Roberts, 2011). Data analysis errors occur when the data needs to be
adequately cleaned, transformed, or analyzed, leading to accurate or biased results
(Robert, 2011).
Threats to External Validity

External validity refers to the extent to which the results of a study can be

generalized to other populations, settings, and periods (Robert, 2011). In my study, the
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lack of diversity in the student population at PHS limits the applicability of the results to
populations of different socio-economic groups. Also, the fact that PHS is a college
preparatory school limits the population to those who can maintain a 2.0 grade point
average in advanced courses, which may not apply to most secondary students.
Threats to Internal Validity

Internal validity refers to the extent to which the results of a study can be
attributed to the independent variable and not to other extraneous variables (Warner,
2013). In other words, it concerns the degree to which the study establishes a causal
relationship between the independent and dependent variables. A limiting factor in the
study is that I do not consider gender difference, which some studies suggest affects the
cognitive load experienced by the student (Bevilacqua, 2017; Ibili & Billinghurst, 2019).
Moreover, this study does not have a random selection of students due to using naturally
occurring groups. Another area for improvement of the study is that the lessons are not
only taught by different methods but also by different teachers, which could be a
confounding factor. It is possible that a teacher’s skill or experience also influences the
variables. Moreover, since the students attend the same school, they may interact with
each other, which could cause diffusion of treatment.

Ethical Procedures

Several ethical issues should be considered when using archival data in a
quantitative research study. My first concern was to obtain a preliminary authorization to
use the data from the PHS principal, which I obtained from the school’s principal and

from the Internal Review Board of Walden University. | masked the identity of the site
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where the data were collected. The science department did not collect participants’
identities. Transparency is another concern when using archival data, so I provided the
IRB with the detailed process of obtaining the data and my role as an employee of PHS.
The data quality was examined according to the necessary assumptions of the analytical
processes. I protected the data by storing it in my personal Microsoft One Drive, which is
protected by Microsoft’s encryption. Each file is encrypted with a unique AES256 key,
and these unique keys are encrypted with a set of master keys stored in Azure Key Vault.
Walden IRB granted full approval (05-05-23-0761070), and I was permitted to proceed
with my study.
Summary

In Chapter 3, I explained the rationale for using a quantitative quasi-experimental
design study with non-equivalent groups. I also provided a detailed explanation of the
methodology, including a description of the research population, the sampling and
sampling procedures, and procedures for using archival data. Further details were
provided for the instrument, Leppink’s Mental Effort Survey, which was used to collect
the data with supportive studies that provided information on its validity and reliability.
Next, details regarding my data analysis plan were discussed, followed by explanations of
the threats to external and internal validity and how these were addressed in my study.
The chapter concluded with the ethical considerations of my study and how I addressed

them.
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Chapter 4: Results

The purpose of this quantitative quasi-experimental study was to determine the
difference in cognitive load as measured with the MES between high school students who
used a VRLE during science instruction for one lesson and students who did not use a
VRLE. To accomplish this, I conducted a comprehensive analysis by comparing the
means of the two groups for each specific type of cognitive load. By scrutinizing the data
and employing statistical techniques, I sought to discern any potential increase or
decrease in cognitive load experiences between the two groups. The research questions
and hypotheses that guided this study were:

RQ1: What is the difference in intrinsic load MES scores between high school

students who used a VRLE during science instruction for one semester and

students who did not use a VRLE?
Ho1: There is no difference in intrinsic load MES scores between high
school students who used a VRLE during science instruction for one
semester and students who did not use a VRLE.
H1: There is a statistical difference in intrinsic load MES scores between
high school students who used a VRLE during science instruction for one
semester and students who did not use a VRLE.

RQ 2: What is the difference in extraneous load MES scores between high school

students who used a VRLE during science instruction for one semester and

students who did not use a VRLE?
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Ho2: There is no difference in extraneous load MES scores between high
school students who used a VRLE during science instruction for one
semester and students who did not use a VRLE.

H>2: There is a statistical difference in extraneous load MES scores
between high school students who used a VRLE during science instruction
for one semester and students who did not use a VRLE.

RQ 3: What is the difference in germane load MES scores between high school

students who used a VRLE during science instruction for one semester and

students who did not use a VRLE?
Ho3: There is no difference in germane load MES scores between high
school students who used a VRLE during science instruction for one
semester and students who did not use a VRLE.
H33: There is a statistical difference in germane load MES scores between
high school students who used a VRLE during science instruction for one
semester and students who did not use a VRLE.

In Chapter 4, I present the outcomes of this study. The chapter commences with a
detailed account of the data collection process, encompassing relevant information about
the student demographics, which I obtained from the archival data, and providing insights
into the demographics of the student sample under examination. Subsequently, in this
chapter, I present the findings through the use of descriptive statistics, thoroughly

addressing the assumptions and data associated with each of the three pairs of research
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hypotheses. I end the chapter with a comprehensive summary of the obtained findings,
offering a concise overview of the results and their implications.
Data Collection

Due to the utilization of archival data in this study, I did not actively recruit the
participants because the nature of the type of study relies on preexisting data sources.
Instead, I obtained Walden University IRB approval to access the archival data from the
MES data collected from November 9, 2021, to November 26, 2021, by the science
department of the study site. I obtained the MES scores for each type of cognitive load
from the traditional instruction group (n = 141) and the VRLE group (n = 82), for a total
group of 223 students. Due to the archival data used in this study, there were no noted
discrepancies in the data collection process. When conducting the initial data analysis on
the entire data set (N =223), I explored descriptive statistics, revealing outliers in the
extraneous load variable for both groups (see Figure 1) and in the germane load variable
(see Figure 2). Consequently, I removed the outliers and excluded them from each group
to meet the necessary assumptions. The analysis proceeded with the remaining traditional

group (n = 134) and the VRLE group (n = 73).
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Figure 1

Boxplots Showing Outliers for the Extraneous Load Variable
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Figure 2

Boxplots Showing Outliers for the Germane Load Variable
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I obtained the archival data from PHS, a private, college preparatory high school

in a high socioeconomic area. The external validity of the results is limited to these types

of schools. The data did not include demographics beyond the age and gender of student,

with 47% of the sample female and 52% male and with ages ranging from 1418 years
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old, with 43% of the sample being 15 years old. The population at the study site

represents the surrounding area, and the students that took the survey were large enough
to represent PHS well. There was a good representation of both genders and all high
school ages, which makes the results applicable to a wide range of students in similar
schools.
Results

Descriptive statistics that characterize the sample include, as shown in Table 2,
the mean score for each type of cognitive load for both groups, the traditional (n = 132)
and the VRLE (n = 73), and the standard deviation. Data consisted of the MES scores for
each type of cognitive load for both groups. The traditional group in the study had an
average intrinsic load score of 18.85, while the VRLE group had an average intrinsic load
score of 15.93. Regarding extraneous load, the traditional group had an average score of
10.10, whereas the VRLE group had an average score of 6.84. Finally, the traditional
group had an average germane load score of 27.98, while the VRLE group had an
average germane load score of 32.68. Overall, the intrinsic and extraneous load scores

were lower for the VRLE group, and the germane load scores were higher.
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Table 2

Descriptive Statistics Cognitive Load

Group M SD Min. Max.
Intrinsic load Traditional 18.85 5.503 3 30
VRLE 15.93 5.29 4 27
Extranecous load Traditional 10.10 5.527 3 24
VRLE 6.84 3.877 3 17
Germane load Traditional 27.98 7.086 8 40
VRLE 32.68 6.453 17 40

According to Laerd Analytics (2023), there are six assumptions for an
independent samples ¢ test. The first assumption is that a continuous dependent variable
be used, which I met by using scores from the MES, as described in Chapter 3. The
second assumption is that there is a categorical independent variable, which is the case
for the method of instruction variable, which was either VRLE or traditional. The third
assumption is the independence of observation, which the data in the current study also
met since students were in different classes when they completed the survey. The fourth
assumption is that there should be no significant outliers, so I removed the
abovementioned outliers.

Using Statistical Package for Social Sciences 28.0, I tested for the assumption of
normality. Table 3 displays the normal distribution of intrinsic load scores in the
traditional group (Shapiro-Wilk test p = .086) and the VRLE group (Shapiro-Wilk test p
=.659). However, neither the extraneous nor the germane load scores exhibited a normal

distribution for either group (Shapiro-Wilk test p < 0.001).
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Table 3

Shapiro-Wilk Test Results

Group Statistic df Sig.
Intrinsic load Traditional 0.983 134 0.086
VRLE 0.987 73 0.659
Extranecous load Traditional 0.932 134 <.001
VRLE 0.867 73 <.001
Germane load Traditional 0.978 134 0.033
VRLE 0.897 73 <.001

According to Laerd Statistics (2023), it is important to note that with larger
sample sizes, thanks to the central limit theorem, the independent-sample ¢ test can still
yield valid results despite deviations from normality. Nonetheless, the Q-Q plots show
that the data for the extraneous load does not deviate significantly from the normal line

(see Figure 3) or does the data for the germane load (see Figure 4).



Figure 3

68

0-Q0 Plots for Extraneous Load Variable

Expected Normal Value

Figure 4

25

20

Normal Q-Q Plot of Extraneous Load

3 10 15 20 29

Observed Value

Q-0 Plots for Germane Load Variable

Expected Normal Value

40

30

20

Normal Q-Q Plot of Germane Load

10 20 30 40

Observed Value



69

The final assumption for the independent ¢ test is the homogeneity of variances,
which I checked using Levene’s test for equality of variances, as shown in Table 4. The
intrinsic load score met the assumption (p = .598) as did the germane load score (p =
.503), but the extraneous load score (p > .05) did not meet the assumption. However, |
ran the ¢ tests for data that both met the assumption and for data that did not meet it.
Table 4

Levene’s Test for Equality of Variances

F Sig
Intrinsic load Equal variances assumed 0.278 0.598
Extraneous load Equal variances assumed 12.337 0.001
Germane load Equal variances assumed 0.451 0.503

Intrinsic Load

I ran an independent ¢ test to discern if there were any differences in MES scores
for the intrinsic load between students who used a VRLE during science instruction for
one semester and students who did not use a VRLE. The mean intrinsic load score for the
VRLE group was 15.93, while the mean for the non-VRLE group (i.e., traditional) was
18.85. The ¢ test showed that this difference is significant with p <.001 (see Table 5), so
the null hypothesis could be rejected. The first hypothesis can be answered to say not
only that there is a difference but that there is a decrease in the intrinsic load MES scores
between high school students who used a VRLE during science instruction for one

semester and students who did not use a VRLE.
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Extraneous Load

I ran an independent ¢ test to discern if there were any differences in MES scores
for the extraneous load between students who used a VRLE during science instruction for
one semester and students who did not use a VRLE. The mean extraneous load score for
the VRLE group was 6.84, while the mean for the non-VRLE group (i.e., traditional) was
10.10. The ¢ test showed that this difference is significant with p <.001 (see Table 5), so
the null hypothesis could be rejected. The second hypothesis can be answered by saying
that there is a difference in MES scores and a decrease in the extraneous load MES scores
between high school students who used a VRLE during science instruction for one
semester and students who did not use a VRLE.
Germane Load

I ran an independent ¢ test to discern if there were any differences in MES scores
for the germane load between students who used a VRLE during science instruction for
one semester and students who did not use a VRLE. The mean germane load score for the
VRLE was 32.68, while the mean for the non-VRLE group (i.e., traditional) was 27.98.
The ¢ test showed that this difference is significant with p <.001 (see Table 5), so the null
hypothesis could be rejected. The third hypothesis can be answered by saying there is a
difference and an increase in the germane load MES scores between high school students
who used a VRLE during science instruction for one semester and students who did not

use a VRLE.
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t -test for Equality of Means for the MES Scores
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t df Significance
One-sided
p Two-sided p
Equal variances
Intrinsic load  assumed 3.697 205 <.001 <.001
Equal variances not
assumed 3.74 153.105 <.001 <.001
Extraneous Equal variances
load assumed 4.486 205 <.001 <.001
Equal variances not
assumed 4963 192.173 <.001 <.001
Equal variances
Germane load assumed -4.71 205 <.001 <.001
Equal variances not
assumed -4.842  160.249 <.001 <.001
Summary

In Chapter 4, I presented this study’s key findings and the assumptions associated

with an independent samples ¢ test. I designed the study to meet the first three

assumptions. After removing the outliers, the box plot chart showed the data met the

fourth assumption. A descriptive exploration of the remaining data from this study

showed that all the variables did not meet the normality assumption according to the

Shapiro-Wilk results; however, the Q-Q showed that it approached normality. Levene’s

test for equality of variances showed that the data did not meet the assumption for the

homogeneity of variances, but ¢ tests were run for both possibilities. Overall, this study’s

key findings and data answered the three RQs by indicating significant differences

between the MES scores for students taught with VRLE and those not (see Figure 5).
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Figure 5

Comparison of Means Between the Groups
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I will begin Chapter 5 by restating the purpose and nature of the study. I will
provide an overview of the methodology employed and explain the rationale behind
conducting this research. Furthermore, the key findings from Chapter 4 will be
summarized and connections between these findings and the current state of literature in
the discipline will be established. Next, I will delve into a comprehensive discussion of
the limitations of this study before making recommendations for future research in the
field of science education and VR. Chapter 5 will conclude with a description of the
potential social impact this study may result in and the contributions this work can make

to the field.
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Chapter 5: Discussion, Conclusions, and Recommendations

The problem addressed through this study was that it is not yet fully understood
what the effect of VRLESs is on students’ cognitive load, which can hinder their learning
if it is too high. The purpose of this quantitative quasi-experimental study was to
determine the difference in cognitive load as measured with the MES between high
school students who used a VRLE during science instruction for one lesson and students
who did not use a VRLE. I used the results from the MES, which has 10 questions:
Questions 1, 2, and 3 measure intrinsic cognitive load; Questions 4, 5, and 6 measure the
extraneous load; and Questions 7, 8, 9, and 10 measure germane load. [ used an
independent ¢ test to determine if the VRLE group’s mean is significantly greater than or
less than the traditionally taught group. The study population was adolescents taking a
secondary science course and completing the MES as part of a science lesson. The results
showed that there was a decrease in intrinsic and extraneous loads between the VRLE
group and the traditional group. The findings also showed an increase in germane load in
the VRLE group. These results help explain why previous studies that focused only on a
single total cognitive load score had conflicting results.

Interpretation of the Findings

I interpreted the cognitive effects studied using the CLT. CLT has been used to
measure the effectiveness of an instructional tool in educational technology since its
inception in 1988 (Sweller, 2020). In CLT, an efficient instructional tool is defined as
lessening the intrinsic load, eliminating extraneous load, and focusing all mental effort on

the germane load so deep learning can occur (Sweller, 2020). Therefore, the cognitive
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load must be measured separately to determine its effectiveness correctly. The findings of
this study add clarity to the literature by confirming the studies that found VRLEs as an
effective tool for increasing comprehension of complex subjects. However, although the
extraneous load is also decreased in the VRLE group, it was not eliminated, leaving room
for improvement, as concluded by other studies. The increase in germane load shows that
students had more room for deep thought, which aligns with those studies that showed
improved learning scores. I organized my discussion of the results by each type of
cognitive load and the key finding for each.
Intrinsic Load

Intrinsic load arises from the complexity of the subject learned and the lack of
previous knowledge held by the learner (Leppink et al., 2013). A review of the literature
showed that science education has high levels of inherent complexity (Achor et al., 2019;
Aguilera & Perales-Palacios, 2020; Etobro & Fabinu, 2017; Hidayati et al., 2020; Santi &
Gorghiu, 2019), which caused students to lose interest in the subject matter. However, the
literature also has shown that VRLEs increase students’ interest in science (Astuti et al.,
2020; Garduio et al., 2021), which can be explained by the decrease in intrinsic load. The
findings of the current study extend the literature by explaining the relation between the
use of VRLESs and the increase in students’ interest in science that the current literature
shows (see Aguilera & Perales-Palacios, 2020; Frazier et al., 2021; W. H. Lee et al.,
2021; Makransky, Mayer, et al., 2019; Makransky, Terkildsen, et al., 2019; Parong &
Mayer, 2018, 2021; Petersen et al., 2020). This study provides further evidence of the

ability of VRLEs to make intangible and inaccessible concepts tangible (see Nersesian et
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al., 2019a; Petkov et al., 2019), such as those covered in secondary science education
(Achor et al., 2019; Aguilera & Perales-Palacios, 2020; Etobro & Fabinu, 2017; Hidayati
et al., 2020; Santi & Gorghiu, 2019) and that VRLEs lower students’ intrinsic load.
Sweller (2016) divided human knowledge into primary knowledge that is learned
naturally without the need of a teacher and only causing natural levels of germane load
and secondary knowledge that needs to be taught, and if not taught properly it can cause
cognitive overload. Dan and Reiner (2017) explained that learning in a 3D environment
mimics how humans learn naturally, tapping into the biological tools of the human person
to learn intuitively, which explains why it decreases intrinsic load.
Extraneous Load

Extraneous load stems from instruction elements that do not help the student
process information (Sweller, 1988). These extraneous elements can arise from the
instructional design and external sources (Paas & Van Merriénboer, 1994). The current
study results show that a VRLE does cause some extraneous load, which could be caused
by the amount of nonessential details required to create a VRLE (see Frazier et al., 2021;
Makransky, Terkildsen, et al., 2019; Zhao et al., 2020); however, the non-VR group
experienced higher extraneous cognitive load. These findings may shed light on the
discrepancy in results of studies conducted with K—12 populations compared to those
done with university students (see Bogusevschi et al., 2018; Jitmahantakul & Chenrai,
2019; Lai et al., 2022; Liou & Chang, 2018; Meyer et al., 2019; Nersesian et al., 2019b;
Parong & Mayer, 2018; Southgate, 2019). Studies that measured cognitive load in adult

populations reported that the non-VRLE groups experienced less overall cognitive load
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and scored better in learning outcomes (Makransky, Terkildsen, et al., 2019; Parong &
Mayer, 2018), while the studies with younger populations showed the opposite
(Bogusevschi et al., 2018; Jitmahantakul & Chenrai, 2019; Lai et al., 2022; Liou &
Chang, 2018; Nersesian et al., 2019b; Southgate, 2019). The difference between a high
school classroom and a university class could explain this increase in the non-VRLE
group in the current study findings. The distractions of the high school environment may
pose a more significant extraneous load than those in the internal design of the VRLE. It
is also possible that the traditional instructional methods used by the non-VRLE teachers
caused the increase, but it is less likely given that nine different teachers gave the survey.
Germane Load

The third type of cognitive load is the germane load, which refers to the effort
required to transfer new information from the working to long-term memory and properly
integrate it with the existing knowledge (Leppink et al., 2013). The germane load is the
desired type of cognitive load, and if an increased germane load causes an overall
increase in cognitive load, then the educational tool would have the desired effect. The
increased germane load by the VRLE group in the current study confirms the results of
Vesga et al. (2021) who showed that the increased sense of presence created by VRLEs
led students to exert more effort in comprehending the lesson. Moreover, the current
study findings show a decrease in intrinsic and extraneous load, which leaves more room
for the germane load.

An instructional tool can also aid in increasing the germane load by integrating

and organizing new content so that the learner can store the information in long-term
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memory more easily (Leppink et al., 2013). Several of the studies in the literature focused
on how VRLEs provide an environment where students can explore and interact with the
content that is not limited by a lack of supplies or expensive equipment, features that
allow students to develop a more excellent scientific attitude (Liou & Chang, 2018;
Makransky & Lilleholt, 2018; Nersesian et al., 2019b; Parong & Mayer, 2021), and this
is more than just increased interest, it is an attitude of the mind open to inquiry and
problem solving (Astuti et al., 2020). The current study confirms that VRLEs help
students create the scientific reasoning required to comprehend the subject matter, thus
increasing germane load.

In the literature review, I showed that science education is inherently complex,
and students are losing interest in secondary science classes (Achor et al., 2019; Aguilera
& Perales-Palacios, 2020; Bal-Incebacak et al., 2019; Etobro & Fabinu, 2017; Hidayati et
al., 2020; Lodge, 2021; Nidup et al., 2021; Santi & Gorghiu, 2019; Ucar & Sungur,
2017). The adolescent mind often comes into the science classroom lacking the mental
schemas necessary for integrating complex information with prior existing knowledge
(Bal-Incebacak et al., 2019; Sadler et al., 2013; Santi & Gorghiu, 2019; Wei et al., 2021;
L. Zhang, 2019). The current study results show that a VRLE is an efficient tool that can
help secondary students’ cognitive processes in high school science classrooms.

Limitations of the Study

I designed this study with CLT as its theoretical foundation. CLT has a narrow

perspective on instructional design, mainly emphasizing the reduction of intrinsic and

extraneous cognitive load without fully considering other crucial aspects like learner
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motivation, interest, and engagement (Kirschner, 2011). Therefore, there could be other
elements that should be considered before adopting a VRLE as an instructional tool.
Moreover, CLT does not account for individual differences among learners, such as their
abilities, prior knowledge, learning styles, or motivation, which can also impact the
effectiveness of an instructional design.

Limitations of this study also arose from the lack of attributes of the population
provided by the archival data set. The lack of ethnic or socioeconomic differences makes
the findings less applicable to real-life educational contexts. The design did not consider
gender differences, and much previous research has focused on how gender affects
cognitive processes (Bevilacqua, 2017). This study was limited by not measuring
confounding variables such as prior knowledge, a particular course or lesson, or the
teacher’s effectiveness.

Recommendations

My first recommendations are based on study results. The results showed an
increase in the intrinsic load of the non-VRLE group, and this difference may be due to a
difference in the student’s prior knowledge. Therefore, more research must be done to
control the prior knowledge variable. Results also included an increase in the extraneous
load of the non-VRLE group, which a lack of teaching experience in classroom
management or the ineffective traditional material could have caused. Therefore, further
studies that focus on the same teacher could help control these variables.

Moreover, in this study I showed that some of the cognitive effects of CLT

applied to VRLE, while others did not, and the results showed that the extraneous load
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was still present in the VRLE group, so further studies should focus on the design
principles of VRLE and research methods of lessening the extraneous load it causes.

I conducted this study with a total population of 207 students between the ages of
14—18 attending a college preparatory high school in a high socioeconomic area.
Therefore, this study could be replicated by other secondary schools in a similar area
using the same MES to determine if the results are similar. In addition, this study could
be improved by using MES scores combined with such a measure of learning outcomes,
especially a design that measures immediate recall and the long-term retention of the
information learned.

Implications

This study may contribute to positive social change in several ways. First, at the
individual level, as more teachers make research-based and informed decisions about
instruction, students’ academic success may increase. There is also potential for change at
the organizational level because secondary school administrators can use data from this
study to make informed decisions regarding purchasing the hardware and software for
science instruction. This study also may advance knowledge in educational technology by
providing further evidence to the question of the effectiveness of VRLEs as a mode of
science instruction for secondary students. At a societal level, the increased interest in
science brought about by VRLESs may increase the number of science and technology
skilled workers available as more high school students choose scientific careers for their

higher education.
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Another contribution that this study makes to positive social change is through
increased access to advanced science courses and field trips. The results of this study
indicate that VRLEs have a positive cognitive effect on students, so school districts and
organizations can invest in the technology to help schools in rural areas and lower
socioeconomic districts where building science labs is not a viable option.

Conclusion

VRLEs are becoming a popular innovative learning mode for K—12
institutions, and there is a growing amount of literature on the subject. Previous studies
regarding VRLEs in the science classroom produced conflicting results on its effect on
student performance and cognitive load (see Bogusevschi et al., 2018; Jitmahantakul &
Chenrai, 2019; Lai et al., 2022; Liou & Chang, 2018; Meyer et al., 2019; Parong &
Mayer, 2018; Nersesian et al., 2019b; Southgate, 2019); however, there was consensus
regarding VRLESs’ ability to create a sense of presence that increased student interest in
science (Parong & Mayer, 2021). The question remained whether this increase in interest
in science leads only to emotional engagement or also to cognitive engagement (Parong
& Mayer, 2021). Results from the current study showed that this sense of presence
increases the students’ cognitive engagement with science, as demonstrated by decreases
in intrinsic and extraneous cognitive load and an increase in the germane load. It is
important for schools to invest in technology that has proven results, and this study shows
that purchasing VRLE technology for high-school science courses aids in the cognitive

processes of the students.
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Educational technology is an ever-changing field as countless new products
appear in the marketplace on an almost daily basis and schools spend billions on software
and tools that promise to help students (EdTech Evidence Exchange, 2021). However, the
speed at which new items appear in this market sometimes prevents a thorough vetting
before they are implemented, and money is spent without seeing any benefits or
sometimes even causing harm (Boston, 2021). This study provided evidence on the
cognitive benefits of VRLEs but also showed that there is room for improvement as

designers aim to reduce the extraneous load that the systems produce.
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Appendix A: Power Analysis
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