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ABSTRACT 

 

The Impact of Individual Differences on Learning with Distractions 

 

by 

 

Alyssa Pualani Lawson 

 

Learning in a multimedia environment puts many demands on a learner’s limited 

working memory, but this can become even more demanding as the level of distraction 

increases in a lesson. What has not been investigated much in previous literature is whether 

higher levels of distraction in lessons are more harmful to some learners than others. This 

series of studies investigates how individual differences in the ability to manage incoming 

information (i.e., executive function) and the ability to hold incoming information (i.e., 

working memory capacity) play a role in learning across lessons with various amounts and 

types of distractions. Experiment 1 investigated the role that individual differences in 

managing and holding incoming information play in learning from online multimedia 

lessons with various amounts of verbal and visual distracting elements. In Study 1a, learners 

watched a lesson with a high degree of distractions, in Study 1b learners watch a lesson with 

a moderate degree of distractions, and in Study 1c learners watched a lesson with a low 

degree of distractions. This set of studies found that as the degree of distraction increased, 

the correlation between executive function and posttest performance increased; there was no 

significant relationship at low levels of distraction but there was a significant relationship at 
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moderate and high levels of distraction, suggesting that better executive function was related 

to better posttest performance only when a lesson was distracting. Working memory 

capacity was not significantly correlated with posttest performance in any version of the 

lesson. Experiment 2 further investigated this relationship to see if this finding would be 

extended into media with an increased possibility of distraction, specifically immersive 

virtual reality (IVR). In Experiment 2, learners watched a lesson presented via IVR or as a 

slideshow. This experiment found that, although there were no differences in learning 

between the two conditions, the relationship between executive function and posttest 

performance was only seen in the IVR lesson, not the slideshow lesson, such that learners 

with better executive function had better posttest scores when learning in the IVR lesson 

than learners with worse executive function. Once again, working memory capacity did not 

significant correlate with posttest performance. Lastly, Experiment 3 investigated whether 

the novelty of the IVR learning environment increased the distractibility of learning in IVR. 

Experiment 3 had learners either play a game in IVR prior to the lesson or had participants 

only watch the lesson. This experiment found that reducing the novelty of IVR for learners 

did not impact learning and so novelty may not be the reason for increased distractibility in 

IVR lessons. This series of experiments suggests that it is vital to think about the role that 

individual differences in learners’ skill at managing incoming information plays in learning, 

especially when using lessons with distracting information or distracting technology. 
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Chapter I: Introduction 

Objectives and Rationale 

Learning is a cognitively demanding task, as learners are asked to process a lot of 

information at one time. This activity can be made even more difficult by presenting 

instructional material containing distractions, defined as information that is presented in a 

lesson but is not relevant to the learning objectives of the lesson. For learning to occur, 

information must be processed through one’s limited working memory before it can be 

moved into long-term memory and stored for future use (Atkinson & Shiffrin, 1968). 

However, if the learner is confronted with distractions in the lesson, they must either sort the 

relevant information from the irrelevant and process only what is necessary, or they must 

have the capacity to process all of the presented information, both relevant and irrelevant, at 

one time. This means that, in the presence of distractions, a learner’s ability to manage 

incoming information and/or capacity to hold new information can play a role in their 

longer-term understanding of the lesson.  

Furthermore, not everyone has the same cognitive tools for managing and holding 

information in working memory while learning new material. This may affect individuals’ 

ability to learn from lessons, especially lessons that have an increased amount of distraction 

(e.g., Ackerman & Lohman, 2006; Carroll & Maxwell, 1979). For this reason, this series of 

studies focuses on how individual differences in these two areas of working memory–

management and holding of new incoming information–can impact how well someone can 

learn from a distracting lesson or from using technology that may be inherently distracting, 

such as with immersive virtual reality.  
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The goal of this series of experiments is to understand how individual differences in 

managing and holding incoming information impact learning from distracting lessons and 

technologies. The main aim of this work is to answer the question of whether individual 

differences in learners’ ability to manage information (i.e., executive function) and hold 

information (i.e., working memory capacity) are related to learning from distracting 

multimedia lessons and learning with immersive technology.  

To investigate this question, the present studies operationalized the idea of managing 

incoming information by measuring performance on classic executive function tasks. 

Executive function is the ability to control one’s attention on what they are doing by 

inhibiting distractors, focusing attention, and updating information in working memory 

(Banich, 2009; Diamond, 2012). Classic tasks of executive function, like Stroop, go/no-go, 

n-back, and flanker tasks, all present relevant and irrelevant information to participants and 

ask them to report on only the relevant parts of the information, ignoring any conflicting 

irrelevant information. As such, these types of tasks determine whether an individual can 

manage incoming information by sorting between relevant and irrelevant information and 

responding accordingly.  

The present studies also operationalized the idea of the ability to hold incoming 

information by measuring performance on classic working memory capacity tasks. Working 

memory capacity is the amount of information an individual can store and process at one 

time (Baddeley & Hitch, 1994; Diamond, 2012). Classic tasks of working memory capacity, 

such as digit span, Corsi block, and operation span tasks, present sequentially increasing 

amounts of information for participants to hold and report back. As such, these types of 
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tasks determine how much information an individual can hold and process at one time by 

identifying the point at which a learner can no longer hold a sequence of information 

correctly. 

Theories of Working Memory 

 Working memory is a component of the system of memory that information must 

move through in order to be encoded into long-term memory and available for use in future 

situations (Atkinson & Shiffrin, 1968). However, researchers have different 

conceptualizations of what working memory is, ranging from a system with different 

components that hold and coordinate information (Baddeley & Hitch, 1974) to a system that 

retains information for a short period of time through attention (Engle et al., 1999; Kane et 

al., 2001) to a set of activated memory elements (Cowan 1999; Cowan et al., 2005). One 

thing that is consistent across these theories and research on working memory is that 

working memory is highly limited (e.g., Luck & Vogel, 1997; Miller, 1956). This section 

briefly explores these three main theories of working memory and their distinctions, 

although the goal is not to select which among these is the best theory. 

 One of the main theories discussing working memory was proposed by Baddeley and 

Hitch (1974). This model, also known as the multicomponent model of working memory, 

emphasizes how there are different subsystems that operate to hold information in working 

memory, such as the visuospatial sketchpad and the phonological loop. The central 

executive controls these two subsystems and directs how information flows into them. 

Additionally, the episodic buffer was added to this model later, and its function is to 

integrate spatial and temporal information with the other subsystems of working memory 
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(Baddeley, 2000). An emphasis of this theory is that all of the systems in the working 

memory model are severely limited in capacity and can hold only a small amount of 

information at a time.  

 In a second main theory, Engle et al. (1999) proposed a different theory of working 

memory focused on the control of attention, called the theory of controlled attention. This 

theory emphasizes the role of attention and attentional control in the processing of 

information. This theory explains how working memory operates through attentional 

processing, in which something enters working memory when it is attended to and leaves 

working memory when it is not attended to. In this theory, attentional control is limited in 

the amount of information that can be attended to at one time, and thus only so much 

information can be processed at any given time. 

 Third, Cowan (1999; Cowan et al., 2005) proposed a different theory, called the 

embedded processes model of working memory. In this theory, working memory is made up 

of what information is activated and attended to within long-term memory at any given time. 

However, this activation is limited in how long it can be activated for and limited in the 

amount of information that it can focus on at one time. Thus, only so much information can 

be activated in working memory at one time. 

 Across these main theories, other similar theories, and research on working memory, 

researchers agree that working memory, in whatever conceptualization they individually 

use, is limited in some way. Because of this limitation, there are two approaches to how 

working memory can operate to support learning when there is extraneous information 

present: (1) be able to determine which information is relevant and which is not and ignore 
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the irrelevant information (i.e., better executive function) or (2) be able to process a large 

amount of information (i.e., larger working memory capacity). The present set of studies 

focuses on these two approaches to support learning despite the limits of working memory. 

Components of and Measuring Working Memory 

Executive Function: Managing Incoming Information. In this research, one’s 

ability to manage incoming information is operationalized by measuring executive function. 

Executive function refers to cognitive processes, such as inhibition, updating, and task 

switching, that involve the use of cognitive and attentional control to pay attention to 

relevant novel stimuli (Banich, 2009; Diamond, 2012; Miller & Cohen, 2001). The ability to 

manage new incoming information through strong executive function is an important feature 

to consider in learning because if someone is able to sort out relevant from irrelevant 

information so they can focus solely on the relevant portion, they are more likely to learn 

better than someone who struggles to do that due to weaker executive function.  

 Additionally, individual differences in executive function may play an important role 

in multimedia learning. Although much of the research on variations in executive function 

have focused on disorders, like ADHD, autism, and depression (e.g., Barkley, 1997; Brown, 

2009), there is also research that demonstrates that executive function varies across 

individuals within a neurotypical population as well (Friedman et al., 2008; Osaka et al., 

2004; Parong et al., 2017). Research has suggested that individual differences in executive 

function can have an impact on learning, such that as executive function increases, the 

quality of learning outcomes increases as well (Albert et al., 2020; Grenell & Carlson, 

2021). 
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 This set of studies is concerned with individual differences in executive function as a 

way to operationalize how individuals differ in their ability to manage incoming information 

during multimedia learning. Thus, it is important to be able to measure these differences. 

There are many different ways to assess the strength of someone’s executive function, and 

this set of studies uses brief versions of several classic measures, including the Stroop task, 

go/no-go task, n-back task, and flanker task. See Table 1 for a summary of the tasks used in 

these studies.  

Stroop Task. The Stroop task is a measure of inhibition and attentional control in 

which participants are required to inhibit automatic processing of the meaning of a word and 

instead report on the ink color of a word (Diamond, 2012; MacLeod, 1991; MacLeod & 

MacDonald, 2000; Stroop, 1935). In the Stroop task, participants are presented with one of 

four color words: red, yellow, green, or blue. These words can be written either in the same 

color ink–for example, the word red written in red ink, which would be considered 

congruent–or can be written in a different color ink–for example, the word red written in 

yellow ink, which would be considered incongruent. The participant’s task is to indicate the 

color of the ink. When the trial is congruent, this is generally an easy task because the 

participant does not have to sort out and ignore any irrelevant information or inhibit an 

automatic response. However, when the trial is incongruent, participants must inhibit the 

automatic response to indicate the meaning of the word and instead focus on the ink color. 

In incongruent cases, they must sort the relevant information–the color of the ink–from the 

irrelevant information–the word–and respond only to the relevant information. Thus, people 

who are better at managing the relevant information from the irrelevant information should  
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Table 1 

Summary of Each Working Memory Task Used Across Experiments 

Name Description Score 
Stroop Task  Measure of executive function 

(inhibition); participants report the color 
of the ink a word is written in, which is 
either congruent with the meaning of the 
word or incongruent. 

Average reaction time 
for incongruent trials 
minus average reaction 
time for congruent trials 

Go/No-Go Task  Measure of executive function 
(inhibition); participants respond when 
stimulus says “go” and do not respond 
when stimulus says “no go”. 

Total number of errors 
on no-go trials  

N-Back Task  Measure of executive function (inhibition 
and updating); participants see letters 
flashing and are told to respond with ‘m’ 
when the letter presented currently is the 
same as the letter presented 3 letters ago, 
otherwise response with ‘n’. 

Hits minus false alarms  

Flanker Task  Measure of executive function (inhibition 
and attentional control); participants 
respond according to a stimulus presented 
in the middle of the stimuli, surround 
information is either congruent or 
incongruent. 

Average reaction time 
for incongruent trials 
minus average reaction 
time for congruent trials 

Forward Digit 
Span  

Measure of working memory capacity; 
participants remember and report lists of 
numbers presented in specific order. 

Total number of correct 
sequences divided by 
total number of 
sequences presented 

Corsi Block Task  Measure of working memory capacity; 
participants remember and report 
sequences of blocks lighting up in 
specific order. 

Highest number of 
blocks successfully 
remembered 

Operation Span 
Task  

Measure of working memory capacity; 
participants remember and report a 
sequence of letters presented in between 
math equations the participant determines 
are either correct or incorrect. 

Total number of correct 
letters in correctly 
presented sequences 
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be able to respond to incongruent trials more quickly and more accurately than those who 

are worse at managing information. 

 Go/No-Go Task. The go/no-go task is also a measure of inhibition, specifically 

assessing withholding or stopping a prepared response (Diamond, 2012; Wright et al., 

2014). For this task, participants are presented with two different signals, the go signal that 

tells the participant to respond as quickly as possible and the no-go signal that tells the 

participant to not respond at all. The go signal is presented about four times more frequently 

than the no-go signal, creating a situation in which participants need to respond repeatedly in 

quick succession until a no-go signal arises. This is a measure of inhibition because 

participants are given the go signal much more frequently and told to respond as quickly as 

possible, which makes it difficult to stop the automatic response of continuously responding 

when faced with the no-go signal. As such, people with better executive function will make 

fewer errors in not responding to the no-go signals.  

N-back Task. The n-back task requires several different aspects of executive 

function to successfully complete the task. In the n-back task, a series of stimuli, usually 

letters, are presented one at a time (Diamond, 2012; Friedman et al., 2008; Kwong See & 

Ryan, 1995; Miller et al., 2009; Waris et al. 2017). Participants are tasked with reporting 

whether the stimuli currently presented matches the stimuli that was presented n stimuli ago. 

For example, in a 3-back task, participants are told to report whether the current stimulus 

matches the stimulus that was presented three stimuli ago. The n-back task has been used as 

a measure of updating ability (Waris et al., 2017) as participants are required to continually 

update the sequence of stimuli they are holding on to, which requires participants to manage 
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which of the stimuli is still relevant and which of the stimuli is now irrelevant. Additionally, 

it can measure inhibition and attentional control as participants are required to prevent 

themselves from responding to incorrect responses (Diamond, 2012; Friedman et al., 2006; 

Miller et al., 2009). As such, a participant who is better at managing information in their 

working memory should be able to remember the relevant letters, like those presented in the 

last three trials, and ignore or forget the irrelevant letters, like those presented more or less 

than three letters ago, to perform better on this task than someone who is worse at managing 

incoming information. 

 Flanker Task. The flanker task is a measure of inhibition and attentional control 

(Diamond, 2012; Eriksen & Eriksen, 1974). This task can be done in several different ways, 

but generally, there is a target in the middle of a line of stimuli. This target indicates to the 

participant to make one of two different responses, depending on what it looks like. 

However, the target is surrounded by other information that either matches the target, in a 

congruent trial, or does not match the target, in an incongruent trial. Similar to the Stroop 

task, congruent trials are easier because all the information present on screen matches the 

information being portrayed by the target. In the incongruent trial, there is conflicting 

information because the target does not match the rest of the information on the screen. As 

such, those who are better able at managing information by sorting relevant from irrelevant 

information should be able to respond more quickly during incongruent trials than those who 

are worse at managing information.  

Working Memory Capacity: Holding Incoming Information. For this set of 

studies, someone’s capacity for holding incoming information is operationalized by working 
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memory capacity. Working memory capacity is the amount of information that one can hold 

in their active consciousness and work with at any one time (Baddeley & Hitch, 1994; 

Diamond, 2012). The ability to hold incoming information through a large working memory 

capacity is an important feature to consider in learning because if someone is able to hold 

and process more information in working memory at one time due to a larger capacity, they 

would be better able to learn more information than someone who can hold and process less 

information at one time.  

The limits of working memory capacity are not uniform across all individuals; some 

people are able to process and hold more information than others (Barrett et al., 2004; 

Ilkowska & Engle, 2010). Individual differences in working memory capacity can influence 

how much new information someone can process at one time and have an impact on how 

much of that information can be stored for later use. Because this set of studies examines 

individual differences in working memory capacity as a way to operationalize how 

individuals differ in the capacity they have to hold and process new information, it is 

important to be able to measure these differences. As with executive function, there are 

many different ways to assess someone’s working memory capacity, and this set of studies 

uses several classic measures, including digit span, Corsi block task, and operation span 

task. See Table 1 for a summary of all tasks used in these studies.  

 Digit Span Task. The digit span task, also referred to in other literature as the 

forward digit span task, is a type of simple span task (Conway et al., 2005; Waris et al., 

2017). Simple span tasks are thought to measure working memory storage capacity. 

Specifically in the digit span task, participants are shown a series of numbers, one number at 
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a time, and participants are asked to report the exact sequence in the order the numbers were 

presented. On subsequent trials, the sequence becomes increasingly longer, one digit at a 

time. Participants are asked to do this task until they can no longer report a sequence 

correctly. This task helps determine how much information someone can hold in their 

working memory at one time without confusing or rearranging the numbers. At the point at 

which a number sequence can no longer be correctly reported, it can be deduced that the 

number of digits in the last correctly reported sequences is the holding capacity of a 

participant. As such, someone with a larger holding capacity should be able to successfully 

remember and report longer sequences than those who have a smaller holding capacity. 

 Corsi Block Task. The Corsi block task is a measure of working memory capacity 

(Corsi, 1972) and is specifically a measure of visuospatial working memory capacity. 

Participants are shown a display with nine blocks presented at different locations on the 

screen, then the blocks light up one at a time to create a sequence. On subsequent trials, the 

sequence becomes increasingly longer, one block at a time. Participants do this until they 

can no longer report the sequence correctly. This task helps determine how much 

information someone can hold in their working memory, specifically their visual working 

memory. At the point at which the visual sequence can no longer be correctly reported, the 

length of the last successfully reported sequence is the learner’s working memory capacity. 

As such, someone with a larger holding capacity should be able to remember a longer 

sequence than those who have a smaller holding capacity. 

 Operation Span Task. The operation span task is a type of complex span task. 

Complex span tasks are similar to simple span tasks in that they both tax the holding 
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capacity of working memory, but the complex span task also taxes processing capacity 

(Daneman & Carpenter, 1980; Ilkowska & Engle, 2010). This type of task may be a richer 

measure of working memory capacity when compared to simple span tasks because it 

requires processing in addition to storing information. This is more similar to how we 

normally use working memory capacity in our daily lives (Waris et al., 2017), and thus it 

may be a better indicator of differences in higher cognitive function (Engle et al., 1999). 

Specifically, for the operation span task, math equations are presented to learners and 

between these equations, single letters are presented and must be remembered in the 

sequence presented. The participant must hold the sequence of letters in mind while also 

solving math equations until prompted to report the sequence of letters. This task helps 

determine how much information someone can hold, i.e., the sequence of letters, while also 

being asked to work with other information, i.e., solve equations. The number of letters from 

correctly reported sequences can be used to determine someone’s working memory capacity 

as those who have bigger working memory capacities should be able to report more 

sequences correctly as well as more accurately report longer sequences. The more successful 

the participant is at reporting the sequences, the bigger their working memory capacity is 

determined to be. 

Role of Working Memory in Technology-Based Learning 

 Because working memory is highly limited in the amount of information an 

individual can take in at one time, it is essential to think about how material is presented to 

learners and what sorts of demands an instructional lesson can put on learners. This is 

especially true to consider when utilizing different types of technologies for instruction 
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because new technologies can add negative demands on learners’ working memories (Fenesi 

et al., 2015). For example, multimedia learning lessons, especially those that are poorly 

designed, can present information that is irrelevant to the goal of the lesson, which can pull 

attention away from the important parts of the lesson and hurt learning (Ayers & Paas, 

2007). Another issue with some learning technologies is that the information they provide is 

often transient in nature. This means that the information is moving at a fast pace and 

continuously changing, which requires learners to hold onto certain parts of the material 

while also trying to process new incoming information (Kalyuga & Liu, 2015). If learners 

are using their limited working memory processing power to engage with information that is 

a distraction from the learning goal of the lesson, it means that they will not have as much 

available capacity left in working memory to engage with the relevant and important parts of 

the lesson. When this occurs, it is called extraneous processing. This makes meaningful 

learning less likely to occur. 

 However, when considering the limits of working memory, technology-based 

learning can be enhanced by following multimedia design principles (Mayer, 2021, 2022). 

When in use, several principles–such as the coherence, signaling, and redundancy principles 

–help reduce extraneous processing when using multimedia lessons and improve learning 

outcomes. The coherence principle proposes that individuals learn best when information 

that is not relevant to a lesson is removed from the instructional material. The signaling 

principle proposes that individuals learn best when the most important information in a 

lesson is pointed out, such as by arrows, color, highlighting, etc. The redundancy principle 

proposes that individuals learn best when verbal information presented through audio is not 
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also shown visually as text on screen, as this adds to the load on working memory. These 

principles can be used in various ways to enhance how learners interact with instructional 

material in order to better learning outcomes. 

Immersive Virtual Reality and Learning 

 The main technology of interest for this set of experiments is immersive virtual 

reality. Immersive virtual reality (IVR) is a technology that uses a head-mounted display and 

accompanying software to present images to the learner that help simulate being in a 

completely different environment than the one the learners are physically in. As learners 

move around and turn their heads, the head-mounted display tracks their movement and 

changes the scenery in front of their eyes to simulate being fully immersed in another 

environment. As the Cognitive Affective Model of Immersive Learning explains, using IVR 

for learning benefits students’ experience of presence and agency due to the high control 

allowed for learners in this type of environment (Makransky & Petersen, 2021). As such, 

having an increased experience of presence and agency, learners should have increases in 

interest, intrinsic motivation, self-efficacy, embodiment, and self-regulation, all of which 

can have benefits for learning outcomes. Many studies have supported this by demonstrating 

that learning from IVR lessons can increase presence, interest, and/or motivation in learning 

(e.g., Lee et al., 2017; Makransky et al., 2019a; Parong & Mayer, 2018, 2021a, 2021b; 

Stephan et al., 2017). However, high presence and agency can also increase the cognitive 

load a learner experiences, specifically an increase in extraneous processing, which can hurt 

learning outcomes (Makransky & Petersen, 2021; Mayer et al., 2022). 
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 A reason that IVR can increase cognitive load is through the increase in distracting 

visual features presented in an IVR lesson. When a learner is in a more traditional learning 

environment, like in a classroom or watching an instructional video, the learner knows that 

the information that they should focus on is right in front of them, on a screen at the front of 

the class or on their computer. However, this is not true for an IVR lesson; in IVR, visual 

information is presented 360 degrees around the learner. Thus, the information that was 

presented in a smaller, predictable area in a slideshow or in class is now being presented 

across 360 degrees of space in IVR. With all this visual input spread across more space, 

learners have to navigate around the environment to find the important information. 

Furthermore, with an increased amount of area where visual information can be present, an 

increased amount of visual information needs to be added into the IVR lesson, which means 

an increase in information that is likely not relevant to the goal of the lesson, i.e., distracting 

material.  

  As learning from IVR can pose a threat to limited working memory, it is important 

to study and develop a better understanding of the merits and pitfalls of using this 

technology for learning. A portion of the research investigating the impact of IVR on 

learning has found that using IVR can increase cognitive load on learning (e.g., Huang et al., 

2020; Makransky et al., 2019b; Parong & Mayer, 2018, 2021a). As an example, learners 

wore EEG sensors during a lesson either while learning in IVR or from a 2D computer 

simulation; then, they switched learning mediums during the second part of learning. In the 

second part of the lesson, those in the IVR condition had higher load as indicated by EEG 

measurements, compared to the computer simulation condition (Makransky et al., 2019b). 
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Additionally, in another set of studies, learners saw a lesson on the bloodstream either in 

IVR or a slideshow (Parong & Mayer, 2021a). When learners saw the IVR lesson, the EEG 

measures indicated that those in the IVR lesson were in a lower cognitive engagement state 

compared to the slideshow condition and participants reported higher subjective cognitive 

load in the IVR lesson compared to the slideshow lesson. Furthermore, a review on literature 

investigating the role that cognitive load plays in learning reported that those who learned 

with IVR have increased cognitive load (Han et al., 2021). 

As IVR increases cognitive load, this can hurt learning which has been demonstrated 

in a portion of the literature comparing learning via IVR to learning from more traditional 

lessons. For example, students were taught about crime scene investigation concepts either 

in IVR or using a video lesson (Makransky et al., 2020). Those who learned the material 

using IVR performed significantly worse on a declarative knowledge posttest than those 

who learned with the video lesson. In another study, participants learned about the blood 

stream either in IVR or with a slideshow lesson (Parong & Mayer, 2018, 2021a). Those who 

learned with the IVR lesson did worse on a posttest compared to those who learned using a 

slideshow lesson. This was also demonstrated in a similar study, but with a history lesson in 

IVR compared to a video lesson (Parong & Mayer, 2021b). 

Not all studies have demonstrated that IVR is hurtful for learning. Some studies have 

demonstrated that IVR can enhance learning compared to a more traditional lesson (e.g., 

Alhalabi, 2016; Calvert & Abadia, 2020; Makransky et al, 2019b; Webster, 2016). 

Additionally, some studies have shown that IVR is equivalent to more traditional lessons in 

terms of learning outcomes (e.g., Ekstrand et al., 2018; Kozhevnikov et al., 2013; Lee et al., 
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2017; Makransky et al., 2020). However, when the literature is analyzed through meta-

analyses, studies show a generally small but positive effect size of using IVR for learning 

(e.g., Coban et al., 2022; Wu et al., 2020). 

The conflicting findings from different literatures make it difficult to interpret which 

aspects of this type of technology are beneficial for learning and which parts are not. There 

are several reasons that may explain these conflicting findings, including the types of 

lessons presented and the types of resources learners have while learning. Lessons presented 

across different experiments are not always equivalent in their quality (Flavia di Natale et 

al., 2020; Hamilton et al., 2021). Some experiments may be presenting learners with well-

designed and low distracting lessons while other experiments may be presenting learners 

with distracting and poorly-designed lessons. As such, when trying to draw conclusions 

about the benefits of lessons in IVR, these differences likely impact the benefits on learning 

outcomes and create a disconnect in the literature. Additionally, learners have different types 

of mental resources to learn in these types of environments, like differences in prior 

knowledge, cognitive systems, etc., that may play a role in learning from IVR lessons. Thus, 

without further research that investigates and/or controls for these factors, it is difficult to 

have any conclusive decisions about the use of IVR in learning. The present set of 

experiments aims to understand how this second point may be impacting findings in IVR 

research. 

Mitigating Distractions in Learning 

Coherence Principle. One possible reason for what could be hurting learning and/or 

adding cognitive load while using IVR lessons is that learners may experience extraneous 
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processing while engaging with the lesson. In an IVR lesson, a learner is surrounded by 360-

degrees of perceptually engaging information, much of which is attention-grabbing but 

irrelevant. The information that is relevant to the goal of the lesson makes up only a portion 

of everything the learner can be attending to, which may make it more difficult for 

participants to determine and separate what is important from what is less important for 

understanding. Because of this, it is likely that some of the information that they are 

processing is irrelevant, which increases extraneous processing and lowers the amount of 

capacity that can be dedicated to processing relevant information within working memory.  

Several principles have addressed how to reduce extraneous processing, but the one 

that this research focuses on is the coherence principle (Fiorella & Mayer, 2022; Mayer, 

2021). The coherence principle explains that information that is unrelated to the instructional 

goal of a lesson should not be included in the lesson, as this adds to the amount of 

information that needs to be processed, thereby creating extraneous processing. Instead, only 

the information that is relevant to the lesson should be presented to learners in order to allow 

for the best chance at learning to occur. 

Prior research has demonstrated the benefits of using the coherence principle to 

benefit learning. For example, Harp and Mayer (1997) gave students a lesson that was made 

more interesting by including entertaining information–interesting textual information, 

interesting pictures, or both–or a base lesson that only included the relevant text and 

graphics. Those who saw the base version of the text remembered significantly more 

information from the text than all other groups. Similarly, in a study that investigated if 

adding sounds and background music to a lesson on the formation of lightning impacted 
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learning, students who learned from lessons with background music and sound effects, just 

background music, and just sound effects all performed worse on retention and transfer tests 

compared to students who had neither background music nor sound effects (Moreno & 

Mayer, 2000). In reviews of literature investigating this effect, large effect sizes have been 

found in support for the coherence principle (i.e., Fiorella & Mayer, 2022; Mayer, 2021; 

Rey, 2012), suggesting that getting rid of irrelevant information has a strong benefit for 

learning.  

The coherence principle can play a role in understanding the potential difficulties of 

learning in IVR, as much of the visual and auditory information in IVR lessons is irrelevant 

to the learning goals. As such, many lessons in IVR likely violate the coherence principle. 

One way to combat this is to not present the information in IVR and instead present it using 

a less distracting medium, such as a slideshow. 

 Pre-training. Another possibility for why it may be more difficult to learn from IVR 

lessons is because IVR is a new technology for many people, and a new medium to learn 

from for most learners. This means that learning in an IVR lesson requires participants to 

not only learn the information being presented in the lesson, but also learn how to use the 

VR system itself, such as moving around, using the handheld controls, etc. Thus, learning 

how to use the VR system can act as a source of extraneous processing because it is 

information that the learner can be distracted by that is not relevant to the lesson itself. 

 There are several principles that can be followed to deal with this type of issue, but 

the focus of this research is on the pre-training principle (Mayer, 2021; Mayer & Fiorella, 

2022). The pre-training principle explains that certain information, like keywords, can be 
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introduced prior to a lesson in order to reduce the amount of new information presented 

during the lesson. This moves the processing of a portion of the information, e.g., keywords, 

to before the lesson and allows the learners to focus on the interrelations between different 

parts of the material during the actual lesson. 

 Prior research has shown benefits for using pre-training in learning environments. 

For example, in a course on electrical engineering, students either learned first about how 

each component of an electrical appliance worked then learned how all the pieces worked 

together or spent the whole time learning about how all the components worked together 

(Pollock et al., 2002). Those with low prior knowledge who were taught following the pre-

training principle (the first group) performed significantly better on a transfer test than those 

who did not follow the pre-training principle. Similarly, another study taught participants 

about how a car’s braking system worked (Mayer et al., 2002; Exp. 1). Participants in the 

pre-training group learned first about each part of the brake system then learned about how 

the whole system works together. Those in the no pre-training condition learned about the 

information altogether. Those in the pre-training condition performed significantly better on 

the posttest than those who were in the no pre-training condition. Research investigating the 

pre-training principle across literature has found that pre-training has a consistent, positive 

effect on learning (Mayer & Fiorella, 2016, 2022). 

 Typically, the research on pre-training has investigated how presenting some of the 

lesson content prior to the lesson can benefit learners. However, for learning in IVR, it may 

be more beneficial to give the learners an opportunity to understand how the technology 

works prior to starting a lesson in IVR. This should benefit learners, especially those new to 
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VR technology, if learning how to use the VR device creates extraneous processing on the 

learner. If the learner can engage with the technology prior to the lesson and use their 

cognitive capacity during the lesson to focus on the material, they should be able to learn the 

material better. Although slightly different from how the pre-training principle has been 

investigated in the past, this is an extension of the pre-training principle. In this version of 

pre-training, information that does not need to be presented during the lesson, i.e., 

information on how to use the VR device, can be off-loaded and presented prior to the 

lesson, which leaves only the relevant content-specific information for the learner to focus 

on during the lesson.  

Theoretical Background  

 Cognitive load theory (CLT; Paas & Sweller, 2022; Sweller, 1994; 2020) presents a 

way to understand how different parts of instructional materials impose load in different 

ways on limited working memory in order to understand how to create better instructional 

material. Similarly, the cognitive theory of multimedia learning (CTML; Mayer, 2021; 

Mayer & Fiorella, 2022) presents a similar perspective on the use of cognitive capacity in 

multimedia learning environments. Because there is a limited amount of cognitive capacity 

for individuals to use to process new information, due to the limitations of working memory, 

the way in which this capacity is allocated is vital. Both theories present three ways in which 

information can add load to learners, each having a different amount of desirability in 

learning.  

 The first type of processing is called extraneous load (as per CLT) or extraneous 

processing (as per CTML) which occurs when learners process information that is not 
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relevant to the goal of the lesson (Mayer, 2021; Mayer & Fiorella; 2022; Paas & Sweller, 

2022; Sweller, 1994, 2020). This occurs when there are irrelevant words or images in the 

lesson. Additionally, this can come from a learner trying to understand how to use a new 

technology for instruction. This type of processing is not desirable in learning as processing 

information that is irrelevant to the lesson itself takes away processing that should be 

directed towards important parts of the lesson. As such, to create a learning environment that 

is beneficial for learning, extraneous processing should be minimized as much as possible.  

 The second type of processing is called intrinsic load (CLT) or essential processing 

(CTML) which occurs when learners are working to create a coherent mental model of the 

relevant information in their working memory (Mayer, 2021; Mayer & Fiorella; 2022; Paas 

& Sweller, 2022; Sweller, 1994, 2020). This kind of processing occurs with all lessons but 

increases as material becomes more complex and/or the components of the lesson become 

more interrelated. Although this type of processing is required for learning to occur, the goal 

is to manage the amount of essential processing in order to allow enough space in working 

memory for generative processing, a more desirable type of processing, to occur.  

 The last type of processing is called germane load (CLT) or generative processing 

(CTML) which occurs when learners try to make sense of the material and make 

connections within the material and between the material and ones’ prior knowledge 

(Mayer, 2021; Mayer & Fiorella, 2022; Paas & Sweller, 2022; Sweller, 1994, 2020). This 

type of processing occurs when a learner actively draws connections between different parts 

of the material or makes connections between their prior understanding and the new 

material. Generative processing is the most desirable type of processing because it leads to a 
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deeper and longer-lasting understanding of the material. However, it does not necessarily 

occur during the learning process, so the goal with this type of processing is to encourage 

learners to engage in it while learning.  

 The aim of this set of experiments is to extend cognitive load theory and the 

cognitive theory of multimedia learning to incorporate how individual differences in both 

the ability to hold and manage incoming information impact learning. By incorporating 

individual differences related to working memory into cognitive load theory and the 

cognitive theory of multimedia learning, these theories could make better predictions about 

learning performance in various environments.  
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Chapter II: Experiment 1 

Rationale and Hypotheses 

 The goal of Experiment 1 was to understand how individual differences in how well 

a learner manages incoming information (executive function) and how much information the 

learner can hold at one time (working memory capacity) play a role in learning from online 

multimedia lessons that vary in their level of distractibility. The main question being 

addressed with this research was: do executive function and working memory capacity 

predict learning across learning environments with various levels of distraction? I 

investigated this question in a series of three correlational studies in which participants had 

to learn from a video lesson with low, moderate, or high levels of distraction, and then 

completed a posttest and tasks to measure individual differences in executive function and 

working memory capacity.  

 The first hypothesis predicted that learners who are better at managing incoming 

information and are able to hold more information at one time should develop a better 

understanding of the material. This is because those who are better able to manage and hold 

information will be better at ignoring irrelevant information and have more cognitive 

resources for processing the relevant information. More specifically, it is predicted that 

posttest scores will correlate with scores on executive function measures (hypothesis 1a) and 

working memory capacity measures (hypothesis 1b). This hypothesis was tested in Study 1a 

and Study 1b. However, this should not be true when a lesson does not impose demands on 

these characteristics. As such, it is also predicted that at low levels of distraction, there 

should not be a correlation between posttest scores and scores on executive function 
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(hypothesis 2a) and working memory capacity measures (hypothesis 2b). This hypothesis 

was tested in Study 1c. This pattern of results is predicted because if a lesson has fewer 

distractions (i.e., it does not increase extraneous processing by presenting information that is 

irrelevant to the goal of the lesson), learners’ ability to manage incoming information and/or 

their ability to hold and process more information should not matter as much as when there 

are more opportunities to engage with extraneous processing (i.e., in lessons that have 

distracting features). Across the three studies, this should manifest itself in the correlations 

for working memory capacity and executive function with posttest performance to be 

significantly stronger in lessons with distractions than in lessons without distractions 

(hypothesis 3). 

 In comparing group means across the three studies, it is predicted that learners will 

report experiencing higher extraneous processing with lessons that have more distracting 

features than those with fewer distracting features (hypothesis 4). Lastly, lessons that have 

more distracting features should also result in lower scores on tests of learning than lessons 

that have fewer distracting features (hypothesis 5). 

Study 1a (High Distraction Lesson) 

 The first study focused on understanding how learners’ ability to manage and hold 

incoming information, measured specifically by classic tasks of executive function and 

working memory capacity, related to learning from a lesson with a high level of distraction. 

Specifically, I examined the correlation between scores on executive function and working 

memory capacity tasks and posttest scores after learning from a lesson with many distracting 

features. 
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Method  

Participants and Design. There were 152 participants recruited from the 

Psychology Subject Pool at the University of California, Santa Barbara. The mean age of the 

participants was 18.90 years (SD = 3.23) and most of the participants were in their 1st or 2nd 

year at the university (M = 1.99 years, SD = 1.00). Additionally, the prior knowledge of the 

participants, on a 5-point Likert scale from “1 – Very Low” to “5 – Very High,” was 

somewhat low (M = 1.70, SD = .99). Of the sample, 110 participants identified as women, 

40 participants identified as men, one participant identified as non-binary, and one 

participant did not indicate their gender. The predictor variables for this study were 

executive function task scores, including scores on the Stroop task, go/no-go task, and n-

back task, and working memory capacity task scores, including scores on the digit span task 

and Corsi block task. The outcome variable for this study was posttest score. 

Materials. All of the materials were computer-based and presented either on 

Qualtrics or on PsyToolKit (Stoet, 2010, 2017). These materials included a prequestionnaire, 

lesson, filler task, posttest, postquestionnaire, and working memory tasks. 

 Prequestionnaire. The prequestionnaire collected information about the participants, 

including their age, gender, class level, and prior knowledge. Prior knowledge on fusion 

energy was assessed on a 5-point Likert scale from “1 – Very Low” to “5 – Very High.” 

This was used to gather information about each participant’s subjective prior knowledge of 

the topic instead of using a pretest in order to not introduce testing effects into the study and 

give students information about what knowledge to focus on during the lesson (Karpicke & 

Aue, 2015; McDaniel et al., 2007; Rowland, 2014). There was also a question that asked 
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participants to check if they had completed certain activities that could more objectively 

determine someone’s prior experience with the topic of the lesson, but this was not used due 

to the extremely low reliability; McDonald’s Omega = .23 (Hayes & Coutts, 2020). The 

prequestionnaire is presented in Appendix A. 

 Lesson. Participants watched a lesson on fusion energy from YouTube, found here: 

https://www.youtube.com/watch?v=mZsaaturR6E&ab_channel=Kurzgesagt%E2%80%93In

aNutshell. In the lesson, participants watched an animation with a voice over that discussed 

how fusion energy works in the sun, how fusion energy may be adapted to be useable on 

Earth, and the pros and cons of using fusion energy as an alternative to other forms of 

energy. This lesson was selected for use in this study because it included many seductive 

details, presented both visually and auditorily. For example, visually, there was a lot of 

irrelevant movement of the images, vibrant and unnecessary colors, and animations that did 

not relate to the main goal of the lesson. Verbally, there were many interesting but irrelevant 

statements presented to participants in the voice over and there were unrelated background 

sounds. Additionally, the lesson moved quickly through the different animations. The 

amount of verbal and visual seductive details and the transience of the presented information 

is why this lesson was considered distracting; these details likely could made it more 

difficult to focus on the information that was relevant for the goal of the lesson. The lesson 

lasted a total of 6 minutes. Images from the lesson can be seen in Figure 1.  

 Filler Task. The filler task was used to delay the time between watching the lesson 

and taking a test on the material. It was also used as a way to stop participants from keeping 

information in working memory through rehearsal and allowed the posttest to assess  
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Figure 1.  

Images from the Various Lessons in Experiment 1 

High Distraction 
(Study 1a) 

Moderate Distraction 
(Study 1b) 

Low Distraction  
(Study 1c) 

 
 
 
 
 
 
 
 

  

  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

  

 

information that had been fully encoded. For this task, participants were told they would be 

watching a video and answering questions about the presented video. The video showed a 

compilation of trick shots, such as throwing a carton of food over an aisle to land perfectly 

in a shopping card or throwing a snack bar into an unzipped backpack from across a room. 
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The video used for this can be found here: 

https://www.youtube.com/watch?v=qlzVPauUgw8&ab_channel=DudePerfect. The 

participants could not move forward in the lesson before the video finished. Once the video 

finished, they could move to the next page that asked participants to describe their favorite 

trick shot from the video. This was used to (1) pressure participants to pay attention to this 

video instead of rehearsing previous information and (2) serve as a check that participants 

watched the video.  

Posttest. The posttest consisted of eight open-ended questions to assess participants’ 

understanding of the material presented in the lesson. All of the questions aimed to assess 

transfer of knowledge from the video at some level but varied in how much transfer they 

needed to engage in to successfully answer the question. The questions included (1) “How 

does fusion work in the sun?” (2) “Why is fusion energy so efficient?” (3) “Why can the sun 

create fusion energy without having a hot enough temperature?” (4) “What are the pros of 

using fusion energy on Earth?" (5) "What is one possible environmental reason to not use a 

fusion reactor?" (6) "What are the cons of using fusion energy?” (7) “What happens if the 

confinement of a fusion reactor fails?” (8) “Why does the reaction stop if the confinement of 

a fusion reactor fails?”  

 The posttest questions were presented one at a time for participants to respond to. 

They were given 90 seconds to respond to each question, which was generally more than 

sufficient time for participants to provide complete responses. They were not allowed to 

move forward before the 90 seconds had passed and once the time had passed, they were 

automatically moved to the next question. This time constraint was imposed for several 
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reasons. First, since this study was done remotely, it helped ensure that participants could 

not skip through the questions without answering. Additionally, the time limit standardized 

the testing experience across all learners to determine which information was most 

accessible to learners at the time of answering. The posttest questions are listed in Appendix 

B. 

 Postquestionnaire. The postquestionnaire included 17 rating items. The first five 

questions assessed participants’ experience with the lesson, including questions like “I 

enjoyed the lesson.” and “I felt motivated to understand the material.” The next nine 

questions assessed the participants’ subjective cognitive load experience, specifically for 

extraneous, essential, and generative processing during the lesson (Parong & Mayer, 2018, 

2021a, 2021b). These included questions like “I felt distracted during the lesson.” for 

extraneous processing, “I was trying to learn the main facts from the lesson.” for essential 

processing, and “I was trying to make connections between the material and things I already 

know.” for generative processing. The McDonald’s Omega was .84 for extraneous 

processing questions, .61 for essential processing questions, and .66 for generative 

processing questions. The postquestionnaire questions are listed in Appendix C. 

 Working Memory Tasks. A battery of working memory tasks was used to assess 

participants’ ability to manage incoming information (executive function) and ability to hold 

new information (working memory capacity). Participants completed five classic working 

memory tasks to help assess individual differences in executive function and working 

memory capacity. The digit span task was presented on Qualtrics and each sequence length 

was completed twice. The other four tasks were presented on PsyToolKit (Stoet, 2010, 
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2017) and each task was completed twice. The first time the participants completed the task 

served as a training block then the second time they completed the task served as the real 

block. Only the real block responses counted for the participants’ scores on each task. 

Participants completed the Stroop task. On the screen, participants were told they 

would see the names of one of four colors (red, yellow, green, or blue) written in one of the 

four ink colors (red, yellow, green, or blue). They were told to report the ink color by using 

the keyboard to press “r” for red ink, “y” for yellow ink, “g” for green ink, or “b” for blue 

ink. Before the session started, they saw a fixation cross in the middle of the screen. About 

1/3 of the trials were congruent trials (i.e., the printed name and ink color were the same) 

while the other 2/3 were incongruent (i.e., the printed name and ink color were different). 

Participants completed 40 trials in both the practice block and the real block. For this set of 

studies, the score of the Stroop task was determined by subtracting the average reaction time 

on the congruent trials from the average reaction time on the incongruent trials. Lower 

scores on this task indicated better executive function.  

Participants completed the go/no-go task. On the screen, participants saw one of two 

images: either a go stimulus showing a green oval with the words “GO press the spacebar” 

or a no-go stimulus showing a red oval with the words “NO GO do not press the spacebar.” 

The participants had to press the spacebar on the keyboard as quickly as possible when they 

saw the go stimulus and not respond at all when they saw the no-go stimulus. The cues were 

presented one at a time. Participants completed 25 trials in both the training block and the 

real block. For this set of studies, the score of the go/no-go task was determined by the 

number of errors made on the no-go stimuli. However, due to a ceiling effect with 
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participants being too good at this task, scores were dichotomized such that they were 

labeled “0” if they made no errors on the task and labeled “1” if they made one or more 

errors on the task. Lower scores on this task indicated better executive function.  

Participants completed the n-back task. On the screen, participants first saw a 

fixation cross then they were shown a series of letters. Participants were told their goal was 

to identify if the letter presented at that moment matched or did not match the letter 

presented three letters ago. They were told to press “m” if the letter did match and press “n” 

if the letter did not match. Participants completed 20 trials in both the training block and the 

real block, but only 17 of these were used for analyses as the first three letters were 

automatically non-matching letters. For this set of studies, the score of the n-back task was 

determined by subtracting the number of incorrect responses from the number of correct 

responses. Larger scores on this task indicated better executive function.  

Participants completed the digit span task. On the screen, participants first saw a 

fixation cross. Then, a series of numbers presented at a rate of one number per second were 

presented. The sequence started with a length of three digits and increased to a length of 10 

digits, with each sequence length being presented twice. After each sequence was displayed, 

participants were asked to report the sequence to the best of their ability in a textbox. 

Participants completed 16 trials, two trials for each sequence length. For this set of studies, 

the score for the digit span task was determined by the total number of correctly reported 

sequences divided by the total number of sequences presented, which was 16. Higher scores 

on this task indicated larger working memory capacity.  
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Participants completed the Corsi block task. On the screen, participants were shown 

an image of nine yellow blocks randomly arranged on the screen. Then, the blocks lit up 

purple one at a time to form a sequence. Once the sequence was complete, participants were 

told “Go” and instructed to click on the blocks in the same sequence previously displayed. 

The sequence started with three blocks and with every correct response, increased by one 

block up to a sequence of nine blocks. If the participant responded wrong to a sequence, 

they repeated that sequence length with a new sequence. If their response was correct on the 

second attempt at the sequence length, they would continue forward with the task, going 

onto a sequence with an additional block. However, if they were wrong again, the session 

was done. Participants completed a varied number of sequences in the training and real 

blocks, as the task would terminate once the participant made an error on two sequences of 

the same length. For this set of studies, the score for the Corsi block task was determined by 

the number of blocks in the longest sequence the participant could successfully repeat. 

Higher scores on this task indicated larger working memory capacity.  

Apparatus. The first part of the study, including the prequestionnaire, lesson, filler 

task, posttest, postquestionnaire, and digit span task were all presented through Qualtrics. 

Qualtrics is a web-based survey platform that can be used to create and distribute online 

surveys. The remaining four working memory tasks were presented through PsyToolKit 

(Stoet, 2010, 2017). PsyToolKit is a free-to-use platform and toolkit for running cognitive 

experiments and surveys. Participants completed this study using their own laptops or 

desktop computers at home; participants were told they could not participate in this study if 

they were using a tablet or smartphone, due to limited features of the PsyToolKit tasks.  
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Procedure. On the day participants signed up to partake in the study, they were sent 

an email in the morning with a link to the first portion of the study. They were instructed to 

complete the study at some point during the day, all at one time, from their own laptop or 

computer. When they opened the link, they first completed the consent form. Then they 

were taken to a page with instructions on how to complete the entire experiment. Next, they 

completed the postquestionnaire and watched the video lesson. During the video lesson, 

participants were not able to move to the next page until they watched the full video. Then, 

participants completed the filler task, during which they could not move forward until they 

watched the entire video. 

 After the filler task, participants were taken to the posttest page in which they had 90 

seconds to write an answer for each question. Once the 90 seconds were up, the next 

question was displayed. Once all eight questions were answered, the participants moved to 

the postquestionnaire, which was self-paced. Then, participants completed the digit span 

task. After the digit span task was complete, participants were given a second link to take 

them to the PsyToolKit page. On this page, they completed the Stroop task, go/no-go task, 

Corsi block task, then the n-back task. Each of these tasks was completed twice in a row. 

Finally, participants were thanked and given credit for participating. This study took no 

longer than an hour to complete and was approved by the university’s Institutional Review 

Board (IRB). 

Results 

Posttest Scoring. The posttest was scored with a rubric that assessed how many 

main points were present in the responses the participants provided in the various responses 
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to the posttest questions. For example, a question like “Why can the sun create fusion energy 

without having a high enough temperature?” had two main points associated with it and that 

could earn the participants points. Specifically, these main points were “high pressure is 

used instead of heat” and “pressure can squeeze together the nuclei.” As such, if participants 

did not earn all the points, this did not necessarily indicate that their answer was incorrect, 

but instead indicated how many of the relevant and correct details were included in their 

response to the question. Participants could respond to a question correctly (e.g., in the 

example question, a correct answer would say something like “because the sun has high 

pressure.”) but not include all the main points in the rubric for that item. This rubric style 

was used in order to determine who demonstrated more knowledge about the material by 

including more specific facts to support their response rather than a binary right/wrong 

scoring scheme. The main points associated with each question are provided in Appendix B.  

 Each question had two to seven main points associated with it. When a participant’s 

response included a main point from the rubric in their answer, the response was given a “1” 

for that specific rubric item, and if not, it was given a “0.” Then a total score for each 

question was created by adding the 1s and 0s across the rubric. Then, a total score for the 

posttest was created by adding the total scores for each question, to create a number out of 

31. Participants were not expected to produce all the main ideas for each question. 

 Two independent scores read each response and gave the participants scores. The 

correlation between the two scorers was strong, r = .90, p < .001. All differences in scoring 

between the scorers was discussed until 100% agreement. The reliability of the posttest was 

determined using McDonald’s Omega and was .74. The lower Omega score is likely due to 
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the fact that this test assessed knowledge requiring different levels of transfer, from near 

transfer to far transfer.  

 Outliers. In this data, outliers were defined as participant scores on the measures of 

working memory in which the z-score exceeded positive or negative three. In this data set, 

eight participants were removed from the data because of their outlier scores, including four 

participants due to their high go/no go task scores, three participants due to their low Corsi 

block task scores, and one participant due to their low n-back score. Removing these outliers 

did not change the pattern of results. 

Hypothesis 1: Do Posttest Scores Correlate with Scores on Executive Function 

and Working Memory Capacity Tasks when Watching a Highly Distracting Lesson? 

Hypothesis 1 predicted that posttest scores should correlate with executive function and 

working memory capacity task scores as participants had watched a lesson that was high in 

distraction. The main analysis to test this hypothesis was to correlate posttest scores with 

scores on the executive function and working memory capacity tasks. A correlation matrix 

was constructed to determine the relationships between posttest scores and each of the five 

working memory tasks, which is displayed in Table 2. Scores on the n-back task were 

significantly correlated with posttest scores, r = .31, p < .001. See Figure 2 for scatterplot of 

n-back and posttest scores. None of the other executive function tasks were significantly 

correlated with posttest score. This is partially consistent with hypothesis 1a. None of the 

working memory capacity tasks were significantly correlated with posttest score, in contrast 

to hypothesis 1b.  
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Table 2 

Correlation Matrix for Study 1a 

 Stroop Go/No-Go N-Back Digit Span Corsi 
Posttest -.14 -.07 .31*** -.05 .03 
Stroop  .11 .04 -.09 .10 
Go/No-Go   -.03 .01 -.10 
N-Back    .06 .16 
Digit Span     .01 
Corsi      

* p < .05, ** p < .01, *** p < .001 
Lower scores on Stroop and go/no go tasks indicate better executive function  

 

 To supplement this analysis, a stepwise regression was used to determine if there 

was a predictive relationship between the scores on each of the five working memory tasks 

and posttest score for the highly distracting lesson. All five predictors were included in the 

regression and the program selected only those that provided predictive power in the final 

output. A stepwise regression was used to try to isolate only those tasks that were strongly 

correlated with posttest scores. Only the n-back task had predictive power for the posttest 

scores, so it was the only variable of the five that was included in the stepwise regression, R 

= .31, R2 = .09, F(1, 141) = 14.69, p < .001. The n-back task was related to posttest 

performance in the predicted direction, such that as n-back score increased–indicating an 

increase in executive function–posttest scores also increased, B = .26, b = .31, t = 3.83, p < 

.001. Overall, there is some evidence that individual differences in executive function are 

related to learning outcomes from a highly distracting multimedia lesson. 

Exploratory Analyses. Several exploratory analyses were conducted to understand 

how executive function and working memory capacity interact with some of the  
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Figure 2. 

Correlation Between N-back and Posttest Scores for Study 1a 

 

 

postquestionnaire responses participants made. See Table 3 for a correlation table. First, I 

examined the relationship between extraneous processing and performance on the five 

working memory tasks. The n-back task was significantly, negatively correlated with 

extraneous processing, such that as n-back score increased, meaning executive function 

increased, subjective experience of extraneous processing decreased. This suggests that 

having better executive function is related to learners being able to ignore distracting 

information thereby allowing them to focus only on the relevant information, as would be 

expected. 

Next, I examined the relationship between essential processing and performance on 

the five working memory tasks. None of the tasks significantly correlated with essential 

processing scores. This suggests that essential processing may not relate to changes in   

managing or holding incoming information.  
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Table 3 

Correlations between Cognitive Load and Working Memory Tasks in Study 1a 
 

 Extraneous 
Processing 

Essential 
Processing 

Generative 
Processing 

Stroop .09 -.09 -.16* 

Go/No-Go .05 -.09 -.05 

N-back -.19* -.10 .03 

Digit Span .10 -.08 -.07 

Corsi -.09 .04 -.02 

* p < .05, ** p < .01, *** p < .001 

 

Finally, I examined the relationship between generative processing and performance 

on the five working memory tasks. Stroop task score was significantly, negatively related to 

posttest performance, such that as Stroop tasks score decreased, meaning executive function 

increased, posttest score increased. This may suggest that better executive function is related 

to being better able to engage in generative processing. Someone who is better able to keep 

irrelevant information out of their working memory through better executive function should 

have more working memory space to engage in generative processing.  

Study 1b (Moderate Distraction Lesson) 

 The second study focused on understanding how learners’ ability to manage and hold 

incoming information, measured specifically by classic tasks measuring executive function 

distractions. Specifically, I examined the correlation between posttest scores and scores on 

executive function and working memory capacity tasks after learning from a lesson with 

some distracting features.  



 

 

 

 40 

Method 

Participants and Design. The participants included 74 participants recruited from 

the Psychology Subject Pool at the University of California, Santa Barbara. The mean age of 

the participants was 18.92 years (SD = 1.16) and most of the participants were in their 1st or 

2nd year at the university (M = 1.73 years, SD = .90). Additionally, the prior knowledge of 

the participants was somewhat low (M = 1.74, SD = .86) based on a 5-point Likert scale 

from “1 – Very Low” to “5 – Very High,”. Of the sample, 44 participants identified as 

women and 30 participants identified as men. The predictor and outcome variables for this 

study were the same as Study 1a. 

Materials. All of the materials were the same as Study 1a, except for the lesson. 

 Lesson. The lesson participants watched discussed the same material as the lesson 

presented in Study 1a, but the lesson was modified by the experimenter to lower the amount 

of distraction present. The lesson was still an animation with a voice over, but there was less 

visual information presented to the learner over the course of the lesson. This lesson reduced 

the transient property of the original video by having a looping animation in each scene of 

the lesson. In each scene, there were still several visually distracting features that the 

learners saw, such as a space creature or comet flying through the scene. The lesson was less 

distracting than the one in Study 1a due to the lowered amount of irrelevant visual 

information and the reduced pace of how the visual information was presented. That being 

said, there was still irrelevant information presented visually and the same verbal seductive 

details were present. The lesson lasted a total of 6 minutes. Images from the lesson can be 

seen in Figure 1.  
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 Postquestionnaire. The postquestionnaire was the same as Study 1a. The 

McDonald’s Omega was .86 for extraneous processing questions, .64 for essential 

processing questions, and .67 for generative processing questions.  

 Apparatus. The apparatus used were the same as in Study 1a. 

Procedure. The procedure was the same as in Study 1a. 

Results 

Posttest Scoring. The posttest was scored in the same way that Study 1a was. The 

correlation between the two scorers was strong, r = .90, p < .001. McDonald’s Omega for 

the posttest was .74. 

Outliers. Outliers were dealt with in the same way as they were in Study 1b. Two 

participants were removed for having extreme scores; one participant for having a high score 

on the Stroop task and one participant for having a high score on the go/no-go task. 

Removing these outliers did not change the pattern of results. 

Hypothesis 1: Do Posttest Scores Correlate with Scores on Executive Function 

and Working Memory Capacity Measures when Watching a Moderately Distracting 

Lesson? Hypothesis 1 predicted that posttest scores should correlate with executive function 

and working memory capacity task scores as participants had watched a lesson that included 

a moderate amount of distraction. The main analysis to test this hypothesis was to correlate 

posttest scores with scores on the executive function and working memory capacity tasks. A 

correlation matrix was constructed to determine the relationship between posttest scores and 

each of the five working memory tasks, which is displayed in Table 4. As in Study 1a,  
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Table 4 

Correlation Matrix for Study 1b 

 Posttest Stroop Go/No-Go N-Back Digit Span Corsi 
Posttest 1.00 -.18 -.22 .26* -.09 -.05 
Stroop  1.00 .18 -.26* -.12 .06 
Go/No-Go   1.00 -.23* -.19 .03 
N-back    1.00 ..22 .15 
Digit Span     1.00 .09 
Corsi      1.00 

* p < .05, ** p < .01, *** p < .001 
Lower scores on Stroop  and go/no go tasks indicate better executive function skill 

 

scores on the n-back task were significantly correlated with posttest scores, r = .26, p = .027. 

See Figure 3 for scatterplot of n-back and posttest scores. None of the other executive 

function tasks were significantly correlated with posttest score, partially consistent with 

hypothesis 1a. None of the working memory capacity tasks were significantly correlated 

with posttest score, in contrast to hypothesis 1b.  

 To supplement this analysis, a stepwise regression was used to determine if there 

was a predictive relationship between the scores on the five working memory tasks and 

posttest score for the moderately distracting lesson. All five predictors were included in the 

regression and the program selected only those that provided predictive power in the final 

output. Once again, only the n-back task had predictive power for the posttest scores, so it 

was the only variable of the five that was included in the stepwise regression, R = .26, R2 = 

.07, F(1, 73) = 5.09, p = .027. The n-back task was related to posttest performance in the 

predicted direction, such that as n-back score increased–indicating an increase in executive 

function–posttest scores also increased, B = .20, b = .26, t = 2.26, p = .027. In line with  
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Figure 3. 

Correlation Between N-back and Posttest Scores for Study 1b 

 

 

Study 1a, there is some evidence that individual differences in executive function are related 

to learning outcomes from a moderately distracting multimedia lesson. 

Exploratory Analyses. Several exploratory analyses were conducted to understand 

how executive function and working memory capacity interacted with some of the 

postquestionnaire responses participants made. See Table 5 for a correlation table. First, I 

examined the relationship between extraneous processing and performance on the five 

working memory tasks. None of the working memory task scores were significantly 

correlated with subjective extraneous processing when learning from a moderate distraction 

lesson. However, there was marginal significance between Corsi block task score and 

extraneous processing, r = .23, p = .051, such that an increase in working memory capacity 

is related to an increase in extraneous processing, which is not in the predicted direction. 

This also differed from the results found in Study 1a. 
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Table 5 

Correlations between Cognitive Load and Working Memory Tasks in Study 1b 
 

 Extraneous 
Processing 

Essential 
Processing 

Generative 
Processing 

Stroop -.03 .20 .03 

Go/No-Go .03 .26* .12 

N-back -.12 .00 .21 

Digit Span -.07 .03 .03 

Corsi .23 .04 .03 

* p < .05, ** p < .01, *** p < .001 

 

Next, I examined the relationship between essential processing and performance on 

the five working memory tasks. There was a significant relationship between go/no-go task 

scores and essential processing, such that more errors on the task was related to more 

essential processing. This relationship demonstrated that those with weaker executive 

function reported more essential processing. This was once again a different finding than 

what was found in Study 1a. 

 Finally, I examined the relationship between generative processing and performance 

on the five working memory tasks. None of the tasks were significantly correlated with 

subjective generative processing. This was different from the findings in Study 1a. 

Study 1c (Low Distraction Lesson) 

 The last study focused on understanding how learners’ ability to manage and hold 

incoming information, measured specifically by executive function and working memory 

capacity tasks, related to learning from a lesson with a low level of distractions. Specifically, 
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I examined the correlation between posttest scores and scores on executive function and 

working memory capacity tasks after learning from a lesson with few distracting features.  

Method 

Participants and Design. The study included 68 participants recruited from the 

Psychology Subject Pool at the University of California, Santa Barbara. The mean age of the 

participants was 19.09 years (SD = 1.58) and most of the participants were in their 1st or 2nd 

year at the university (M = 1.71 years, SD = .95). Additionally, the prior knowledge of the 

participants was somewhat low (M = 1.69, SD = .26) based on a 5-point Likert scale from “1 

– Very Low” to “5 – Very High,”. Of the sample, 40 participants identified as women and 

28 participants identified as men. The predictor and outcome variables for this study were 

the same as Study 1a and Study 1b. 

Materials. All of the materials were the same as Study 1a and Study 1b, except for 

the lesson. 

 Lesson. The lesson participants watched contained the same topic material as the 

lesson presented in Study 1b, but without any distracting features introduced in the Study 1b 

video. The lesson was still an animation with a voice over, but only the visuals that 

contributed to the goal of the lesson were included in this version. The script was also 

modified to remove any of the seductive details, so participants only heard facts relevant to 

the lesson. This lesson was determined to be the least distracting of all the lessons because 

the seductive details in both the visual and verbal portion of the lesson were removedThe 

lesson lasted a total of three minutes and 45 seconds. Images from the lesson can be seen in 

Figure 1.  
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 Postquestionnaire. The postquestionnaire was the same as Study 1a and Study 1b. 

The McDonald’s Omega was .73 for extraneous processing questions, .64 for essential 

processing questions, and .49 for generative processing questions.  

 Apparatus. The apparatus used for this study were the same as in Study 1a and 1b. 

 Procedure. The procedure was the study as in Study 1a and 1b. 

Results 

Posttest Scoring. The posttest was scored in the same way as in Study 1a and Study 

1b were scored. The correlation between the two scorers was strong, r = .90, p < .001. 

McDonald’s Omega for the posttest was .65. 

Outliers. Outliers were dealt with in the same way as they were in Study 1a and 1b. 

There were no outliers identified in this data. 

Hypothesis 2: Do Posttest Scores Not Correlate with Scores on Executive 

Function and Working Memory Capacity Measures when Watching a Low Distracting 

Lesson? Hypothesis 2 predicted that posttest scores should not correlate with executive 

function and working memory capacity task scores as participants had watched a lesson that 

had a low number of distractions. The main analysis to test this hypothesis was that posttest 

scores would not correlate with scores on the executive function and working memory 

capacity tasks. As this lesson did not include many distractions, Hypothesis 2 was 

appropriate to test here. A correlation matrix was constructed to determine the relationships 

between posttest scores and each of the five working memory tasks, which is displayed in 

Table 6. None of the working memory tasks significantly correlated with posttest score,  

 



 

 

 

 47 

Table 6 

Correlation Matrix for Study 1c 

 Posttest Stroop Go/No-Go N-back Digit 
Span 

Corsi 

Posttest 1.00 .16 -.19 .11 -.10 .13 
Stroop  1.00 .18 .11 -.19 .05 
Go/No-Go   1.00 .02 -.15 -.09 
N-back    1.00 -.16 -.12 
Digit Span     1.00 .15 
Corsi      1.00 

* p < .05, ** p < .01, *** p < .001 
Lower scores on Stroop  and go/no go tasks indicate better executive function skill 

 

consistent with hypothesis 2. See Figure 4 for scatterplot of n-back scores and posttest 

performance, as a comparison to the two other studies in which n-back scores did correlate 

with posttest scores. 

 To supplement this analysis, a stepwise regression was used to determine if there 

was a predictive relationship between the working memory tasks and posttest performance 

for the low distraction lesson. All five predictors were included in the regression and the 

program selected only those that provided predictive power in the final output. The program 

did not select any of the variables to include in the stepwise regression, indicating that none 

of the predictors had predictive power over posttest score. This result is also consistent with 

hypothesis 2, suggesting that managing incoming information and holding information does 

not play a role in learning when participants do not encounter many distractions. 

Exploratory Analyses. Several exploratory analyses were conducted to understand 

how executive function and working memory capacity interact with some of the  
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Figure 4.  

Correlation Between N-back and Posttest Scores for Study 1c 

 

 

postquestionnaire responses participants made. See Table 7 for a correlation table. First, I 

examined the relationship between extraneous processing and performance on the five 

working memory tasks. None of the working memory task scores was significantly 

correlated with subjective extraneous processing when learning from a low distraction 

lesson. Next, I examined the relationship between essential processing and performance on 

the five working memory tasks. Once again, none of the working memory score variables  

was significantly correlated with subjective essential processing when learning from a low 

distraction lesson. Finally, I examined the relationship between generative processing and 

performance on the five working memory tasks. Again, none of the working memory score 

variables was significantly correlated with subjective generative processing when learning  
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Table 7 

Correlations between Cognitive Load and Working Memory Tasks in Study 1c 
 

 Extraneous 
Processing 

Essential 
Processing 

Generative 
Processing 

Digit Span .05 .05 -.14 

Stroop  .13 .00 -.08 

Go/No-Go .11 .02 -.13 

Corsi -.09 .02 .03 

N-back -.11 -.11 .00 

* p < .05, ** p < .01, *** p < .001 

 

from a low distraction lesson. These findings were in contrast to most of the corresponding 

findings in Study 1a and 1b. 

Comparing the Three Studies 

Are the Groups Equivalent on Key Characteristics?  

 Before proceeding with further analyses, I checked that random assignment was 

successful by comparing two conditions groups on basic characteristics. Means and standard 

deviations on basic characteristics for the two groups are presented in Table 8. There was 

not a significant difference between groups based on age, F(2, 284) = .11, p = .900; prior 

knowledge, F(2, 297) = .05, p = .955, or gender, c2(4, N = 299) = 8.08, p = .089. However, 

there was a significant difference in class level, F(2, 294) = 3.64, p = .028, so it was 

included as a covariate in the mean comparisons.  
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Table 8.  

Means and Standard Deviations for Comparisons Across Studies in Experiment 1 

 
 

High Distraction Moderate 
Distraction 

Low Distraction 

 M SD M SD M SD 
Age 18.88 3.24 18.89 1.15 19.04 1.55 
Class Level 1.99 1.00 1.72 .89 1.67 .93 
Prior Knowledge 1.70 .99 1.74 .85 1.69 .82 
Extraneous Processing 2.95 1.01 3.12 1.03 3.30 .77 
Posttest Performance 9.18 4.18 8.55 4.13 7.56 3.30 

 

Hypothesis 3: Are the Correlations for Executive Function and Working Memory 

Capacity Tasks with Posttest Performance Different Across Lessons with Various Levels 

of Distraction? 

Although this data was collected at different times, comparisons across the studies 

was of interest. One area of interest was comparing the correlations between n-back score 

and posttest performance. To compare the correlations, Fisher-z transformations were 

conducted. The z’ scores for the correlation between n-back task score and posttest 

performance were .32 for the high distraction lesson, .27 for the moderate distraction lesson, 

and .11 for the low distraction lesson. The correlation in the high distraction lesson was not 

significantly different from the correlation in the moderate distraction lesson (p = .711) or 

from the correlation in the low distraction lesson (p = .162). Additionally, the correlation in 

the moderate distraction lesson was not significantly different from the correlation in the low 

distraction lesson (p = .368). These results are inconsistent with hypothesis 3. However, 

these comparisons are underpowered, which should be considered in interpreting the results 

presented here.  
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Hypothesis 4: Do Learners in Lessons with More Distraction Report Feeling More 

Distracted than Those in Lessons with Less Distractions? 

Another comparison of interest was how levels of self-reported extraneous 

processing would vary across the different studies. Hypothesis 4 predicted that those who 

learn from lessons that have more distractions (i.e., the high or moderate distraction 

conditions) should report experiencing more extraneous processing than those who learn 

from lessons that have fewer distractions (i.e., the low distraction condition). This is because 

in a high or moderate distracting lesson, there are more distractions to pull attention away 

from information related to the objective of the lesson than the one without distractions. 

Mean and standard deviation for extraneous processing score is reported in Table 8. With 

regard to self-report extraneous processing, a one-way between-subjects ANCOVA, with 

class level as a covariate, was conducted and found that there was not a significant main 

effect of amount of distractions on learning, F(2, 293) = 2.71, p = .068. This was 

inconsistent with hypothesis 4. 

Hypothesis 5: Do Learners in Lessons with More Distraction Learn Less than Those in 

Lessons with Less Distractions? 

Hypothesis 5 predicted that those who learn from lessons that have more distractions 

should have worse learning, due to distractions pulling attention away from the relevant 

material, than those who learn from lessons that have fewer distractions. Means and standard 

deviations for posttest scores in the three conditions are reported in Table 8. Another one-

way between-subjects ANCOVA, with class level as a covariate, was conducted for the 

posttest performance, and there was a significant main effect of amount of distractions on 
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learning, F(2, 293) = 3.45, p = .033. Post-hoc Tukey test compared each group mean and 

found that those in the low distraction condition had significantly worse posttest 

performance than those in the high distraction condition (p = .013). None of the other 

comparisons were significant. This was inconsistent with hypothesis 5.  

Discussion 

 Across all of these studies, we can see an important emerging pattern; for lessons 

that present distractions to the participants, i.e., both the high and moderate level of 

distraction lessons, learners’ ability to manage incoming information was related to learning. 

Specifically, performance on the n-back task was significantly related to posttest 

performance for the lessons that presented distractions to learners (Study 1a and Study 1b). 

This suggests that as someone is better able to manage new information from a lesson, the 

better these learners are able to absorb the material. This is similar to what other research 

has found about the role that executive function plays in learning (i.e., Begolli et al., 2018; 

Meltzer & Krishnan, 2007; Rhodes et al., 2014; Zelazo et al., 2016). If an individual is better 

able to ignore information that is irrelevant and focus only on the relevant information, the 

more likely they will be able to learn the material presented in a lesson. 

 What is interesting about this research is that this pattern of results does not persist in 

all situations. The relationship between managing incoming information and posttest 

performance only persisted when the lesson had distracting features (Study 1a and 1b); the 

pattern of results went away when a lesson had low levels of distraction (Study 1c). 

Although these findings are highly intuitive, they have not been established previously in 

research. As such, these findings set up an important pattern for investigating distraction in 
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other learning environments. These results also demonstrate that there are learning 

environments that can be beneficial for all learners, regardless of their executive function; in 

environments that do not include distracting material, it seems as though all learners are able 

to engage with the material, without issues arising from their ability to manage incoming 

information. 

 This research also suggests that how much information someone can hold at one time 

does not seem to relate to learning, or at least not in the same way that managing incoming 

information does. Across all three lessons, working memory capacity did not correlate with 

posttest performance. As such, it seems as though there is an important distinction between 

the roles that managing information and holding information play in learning; these two 

different components of working memory do not have the same impact on learning. As such, 

it may be most important to focus on how well learners can manage incoming material 

through effective cognitive processing. 

 Additionally, the exploratory findings regarding the relationship between working 

memory tasks and different types of cognitive load were conflicting throughout the studies. 

These conflicting findings make it difficult to draw any conclusions about the role that 

managing information and holding information may play in different types of cognitive load. 

A potential reason for the variability in the relationships between these characteristics may 

point to the fact that these measures of cognitive load are unreliable. However, as these were 

exploratory findings and not the main aim of this research, this will not be discussed further.  

 When directly comparing the correlations across studies, there were no differences. 

This is not what is expected, but one issue with this research is that each study was 
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conducted at different times and some of the studies may not have enough participants to 

provide sufficient statistical power. As such, more research needs to be conducted, 

preferably in a study that directly compares lessons with various amounts of distraction, to 

understand whether the correlation between managing incoming information and posttest 

performance is significantly different at various levels of distraction. 

 Lastly, the mean comparisons across the three different studies presented interesting, 

but conflicting results. In comparing the three studies, for both self-report extraneous 

processing and learning, there were significant differences with the low distracting study 

demonstrating higher extraneous processing and worse learning. These results are hard to 

explain, but one potential suggestion may be that having irrelevant, but interesting facts in a 

lesson may be helpful for learners to continue to pay attention during the lesson as opposed 

to having their mind wander. Further research is needed to understand why these results 

occurred.   
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Chapter III: Experiment 2 

Rationale and Hypotheses 

 The goal of Experiment 2 was to extend the results of Experiment 1 and understand 

how individual differences in how well learners manage incoming information and how 

much information learners can hold interacts with learning from learning environments that 

have potential for distractions. The learning environment that was of particular interest in 

this research was immersive virtual reality (IVR). IVR is a technology that can introduce 

learners to various distractions due to the fact that information is presented 360-degrees 

around a learner at all times in the device, which is much more information than would be 

presented in a traditional learning environment, like a video lesson on a desktop computer 

screen. Learners may be overwhelmed by the perceptual richness of the environment (Mayer 

et al., 2022). Thus, IVR has potentially distracting features that a learner would need to deal 

with to learn. 

 The main question being addressed with this research was: does ability to manage 

incoming information and capacity for new information relate to learning from different 

learning media? More specifically, this researched aimed to understand whether executive 

function and working memory capacity correlate with learning from both a potential 

distracting learning technology, IVR, and from a more traditional and less distracting 

learning technology, a slideshow. A secondary question for this research was how well 

individuals learn in an IVR lesson compared to a slideshow lesson. This second question 

was interested in testing the coherence principle as learning in a slideshow lesson would 

follow this principle more than an IVR lesson. I investigated this question by designing a 
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one-way between-subjects design in which participants received the same material either in 

an IVR lesson or in a slideshow lesson, and then completed a posttest and tasks to measure 

working memory factors.   

 As with Experiment 1, the first hypothesis predicted that learners who are better at 

managing incoming information should learn more information from a lesson with a high 

level of distraction (i.e., IVR) but not from a lesson with a low level of distraction (i.e., 

slideshow). More specifically, it was predicted that posttest scores would correlate with 

scores on executive function tasks when a lesson was presented in IVR (hypothesis 1a), but 

there should not be a correlation when a lesson was presented in a slideshow (hypothesis 

1b). The second hypothesis predicted that the amount of information a learner can hold 

while learning should impact learning when distractions are present. More specifically, it is 

predicted that posttest scores would correlate with scores on working memory capacity tasks 

in learning from an IVR lesson (hypothesis 2a), but not in learning from a slideshow lesson 

(hypothesis 2b). Lastly, if IVR does present more distractions to learners than a slideshow 

lesson, it was predicted that learners in the IVR lesson would report higher subjective 

experiences of distraction (hypothesis 3a) and perform worse on a posttest (hypothesis 3b) 

than learners watching a slideshow lesson.  

Method 

Participants and Design 

 The participants were 161 participants recruited from the Psychology Subject Pool at 

the University of California, Santa Barbara. However, 11 participants did not complete the 

study, so their data were not included in any analyses, which left 149 participants with 
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complete data. The mean age of the remaining participants was 19.76 years (SD = 3.07) and 

most of the participants were in their 1st or 2nd year at the university (M = 2.00 years, SD = 

1.17). Additionally, the prior knowledge of the participants was somewhat low (M = 2.13, 

SD = .94) on a 5-point Likert scale from “1 – Very Low” to “5 – Very High.” Of the sample, 

109 participants identified as women, 36 participants identified as men, and three 

participants identified as non-binary. In a between-subjects design, there were 74 

participants randomly assigned to the IVR condition and 75 participants randomly assigned 

to the slideshow condition. For the first set of analyses, the predictor variables were 

executive function task scores, including scores on the Stroop task, n-back task, and flanker 

task, and working memory capacity task scores, including scores on the digit span task, 

Corsi block task, and operation span task. The outcome variable was posttest score. For the 

second set of analyses, the independent variables were the condition participants were in, 

self-reported distraction rating, and subjective extraneous processing rating. The dependent 

variable was posttest performance. 

Materials 

 All the materials were computer-based or presented via a head-mounted display and 

were presented in a controlled laboratory setting. They included a prequestionnaire, lesson, 

posttest, postquestionnaire, and working memory tasks. 

Prequestionnaire. The prequestionnaire solicited information about the basic 

characteristics of the participants, including their age, gender, class level, and prior 

knowledge. Prior knowledge on ocean acidification was assessed on a 5-point Likert scale 

from “1 – Very Low” to “5 – Very High.” As with Experiment 1, this was used to gather 
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information about each participant’s subjective prior knowledge of the topic instead of using 

a pretest in order to not introduce testing effects into the study. Additionally, the 

prequestionnaire assessed for participants’ proneness to motion sickness. Only one 

participant reported being extremely prone to motion sickness, but that participant had been 

randomly assigned to the slideshow condition, so no participants with full sets of data had to 

be excluded from the study. Appendix A shows the prequestionnaire for this study. 

Lesson. The lesson, in both IVR and slideshow, displayed information about what 

ocean acidification is, how it occurs, and how this process can harm sea life. In a series of 

six scenes, participants learned information about a main source of carbon dioxide (i.e., 

cars), how carbon dioxide and water interact to create carbonic acid, what a healthy reef 

looks like, what an acidified reef looks like, and how to prevent ocean acidification in the 

future. This lesson was either presented in immersive virtual reality or with a slideshow 

lesson. Images from these lessons are displayed in Figure 5.  

 Immersive Virtual Reality Lesson. The lesson used in IVR came from an openly 

accessible lesson called “The Stanford Ocean Acidification Experience” and was created by 

the Virtual Human Interaction Lab at Stanford University (Fauville et al., 2021). In each 

scene of the lesson, participants were fully immersed in the environment and were able to 

interact with the lesson, like ‘feeling’ carbon dioxide bubbles coming up from the sea floor 

or placing marker flags next to healthy sea snails. The information was narrated to the 

students to guide them through the lesson.  
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Figure 5. 

Images from the IVR and Slideshow Lessons in Experiment 2 

IVR Lesson Slideshow Lesson 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The first scene placed participants in a dark room facing a globe as the narration 

discussed how the world is changing due to human impacts. Then, participants were moved 

to the middle of a busy road with cars surrounding the participant to learn about how carbon  
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dioxide comes from car exhaust and goes into the air. Then, participants were transported to 

a boat floating in the ocean. Here they could see the carbon dioxide molecules floating in the 

air and saw how these molecules interact with water molecules to create carbonic acid.  

Next, participants were taken under the ocean and first shown a real image of a reef 

off the coast of Italy that is in danger of dying due to the effects of ocean acidification. 

Then, the participants moved into a computer-generated reef that was healthy and the 

narration discussed how marine scientists can identify if a reef is healthy by making 

different observations about the reef, like a species count. While in this environment, the 

participant was asked to place flags next to sea snails to simulate a species count. To 

contrast this environment, the participant was then moved into a part of the reef that had 

carbon dioxide vents coming from the sea floor. In this environment, participants were asked 

to once again do a species count of the sea snails in order to notice that there are no sea 

snails in this environment. Finally, the participant was transported back to the first scene 

where they saw the globe while the narration discusses what actions they can take to reduce 

the impacts of ocean acidification. The lesson lasted a total of seven minutes. The script for 

the lesson is included in Appendix D. 

This IVR lesson could be considered more distracting than a lesson presented in a 

more conventional way for several reasons. First, the IVR lesson presents much more 

information to look at, much of which is not specifically relevant for the participant to look 

at to understand the material of the lesson. For instance, when watching how H2O and CO2 

combine, in the IVR lesson, participants can turn around and see CO2 molecules hanging 

around in the air or look at the boat they are standing on. These features will not help them 
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learn the material but are present in the lesson to make the learner feel immersed in an 

entirely new environment. 

 Slideshow Lesson. The slideshow lesson was created using images and the script 

from the IVR lesson. Screenshots were taken from the IVR lesson and put in a slideshow 

with text highlighting the important information underneath the images. The same narration 

used in the IVR lesson was used in this lesson, except the parts that encouraged participants 

to engage with the environment were modified to fit the slideshow lesson. The participants 

were shown the same scenes as the IVR lesson, but the scenes were translated into still 

images and bullet points. There were 14 slides that translated the same information from the 

IVR lesson in this slideshow lesson. This lesson lasted just under five minutes. The script for 

this lesson is provided in Appendix D and slides are included in Appendix E.  

 The slideshow was considered not as distracting as the IVR lesson because it only 

presented the material that was relevant to the lesson. Thus, to extend the example about 

when H2O and CO2 combined, in the slideshow lesson, only the images of this interaction 

were shown; participants were not shown other images in the environment.  

Posttest. The posttest consisted of eight open-ended questions to assess participants 

understanding of the material presented in the lesson. All of the questions aimed to assess 

transfer of knowledge from the lesson at some level but varied in how much transfer 

participants needed to engage in to successfully answer the question. The questions were: 

(1) “Explain how ocean acidification occurs.” (2) “If car’s exhaust released a different 

greenhouse gas, like methane (CH4), could ocean acidification still occur due to car fumes?” 

(3) “What steps would need to be taken to make the ocean less acidic?” (4) “What molecules 
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combine to increase ocean acidification? What molecule do they create?" (5) "How does an 

abundance of CO2 in the atmosphere affect sea life?" (6) "Why were there snails in the first 

area of the reef but not in the second area?” (7) “How might ocean acidification affect 

humans?” (8) “How can marine scientists figure out if an area of a reef is healthy or not?” 

The posttest questions were presented to the participants in the same way that they were in 

Experiment 1.  

 Postquestionnaire. The postquestionnaire included 33 items about the participants’ 

experience with the lesson. The first five items, which were the same as those in Experiment 

1, assessed participants’ experience with the lesson. The next nine items assessed the 

participants’ subjective cognitive load experience and were the same as those from 

Experiment 1 (Parong & Mayer, 2018, 2021a, 2021b). The McDonald’s Omega was .76 for 

extraneous processing questions, .55 for essential processing questions, and .62 for 

generative processing questions.  

 The next seven questions assessed the level of presence that participants felt while 

learning in the study, including items: “I felt that I was able to control events in the 

environment.” and “I felt like I was really in the environment.” on a 5-point Likert scale 

from “1 – Strongly Disagree” to “5 – Strongly Agree” (Parong & Mayer, 2018, 2021a, 

2021b). McDonald’s Omega for this set of questions was .91. For those only in the IVR 

condition, the next nine items assessed for cyber sickness brought on by the IVR experience 

(Kim et al., 2018). These items included two subscales to ask how much participants 

experienced oculomotor issues, such as fatigue and eye strain, and disorientation issues, 

such as headache and vertigo. Participants responded on a 4-point Likert scale from “1 – Not 
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At All” to “4 – Very.” McDonald’s Omega for the oculomotor questions was .66 and for the 

disorientation questions was .63. The final three items assessed how much experience 

participants had with VR prior to participating in the study, asked for participants to report 

any additional comments about the experience, and gathered information about if anything 

went wrong during the study. Postquestionnaire items are included in Appendix B. 

 Working Memory Tasks. A similar battery of working memory tasks from 

Experiment 1 was used to assess participants ability to manage incoming information 

(executive function) and ability to hold new information (working memory capacity). For 

this experiment, there were several changes to the tasks participants engaged in; the go/no-

go task was removed and the flanker task and the operation span task were added.  

In Experiment 1, it was concluded that participants were too good at completing the 

go/no-go task and rarely made errors. This made the distribution of the scores on this task 

very limited and not a good measure of individual variability. For this reason, the go/no-go 

task was not used in Experiment 2. The flanker task was added as a replacement measure of 

executive function, as it has been used in previous research of measure individual 

differences in executive function (Diamond, 2012; Eriksen & Eriksen, 1974).  

Additionally, the operation span task was added because some literature suggests 

that simple span tasks, such as the digit span and Corsi block task, are not assessing working 

memory capacity as they do not predict performance on tasks that would relate to working 

memory capacity (Redick et al., 2012). The reason that the operation span task may be a 

better measure of working memory capacity is because it measures how much participants 

are able to hold in working memory while processing other types of information (Daneman 
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& Carpenter, 1980; Ilkowska & Engle, 2010), which is much more similar to how working 

memory capacity is used in learning situations (Engle et al., 1999). As such, this task was 

added to determine if a task that assess capacity while working with other information plays 

a role in learning. Thus, participants completed six classic working memory tasks to help 

assessed individual differences in executive function and working memory capacity.  

The digit span task was presented on Qualtrics and each sequence length was 

completed twice. Stroop, Corsi block, n-back, and flanker tasks were presented on 

PsyToolKit (Stoet, 2010, 2017) and each task was completed twice. The first time the 

participants completed the task served as a training block then the second time they 

completed the task served as the real block. Only the real block responses counted for the 

participants’ scores on each task. Lastly, participants completed the operation span task 

using Inquisit. Inquisit is a platform run by Millisecond that administers cognitive tests and 

assessments.  

 Stroop Task. The Stroop task was the same as the one in Experiment 1. 

 N-back Task. The n-back task was the same as the one in Experiment 1.  

Flanker Task. On the screen, participants were told they would see a target in the 

middle of several other images. The target would either point to the left (“<”) or to the right 

(“>”) and participants had to respond with “A” if the point was to the left or “L” if the point 

was to the right. In trials that were congruent, the surrounding arrows would point in the 

same direction (e.g., “<<<<<”). In trials that were incongruent, the surrounding arrows 

would point in the opposite direction (e.g., “<<><<”). Before the trial began, participants 

would first see a fixation cross. About 1/3 of the trials were congruent and the other 2/3 of 
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the trials were incongruent. Participants completed 50 trials within each the practice and real 

blocks. For this set of studies, the score for the flanker task was determined by subtracting 

the averaged reaction time of the congruent trials from the averaged reaction time of the 

incongruent trials. Lower scores indicated better executive function.  

Digit Span Task. The digit span task was the same as the one in Experiment 1.  

Corsi Block Task. The Corsi block task was the same as the one in Experiment 1.  

Operation Span Task. On the screen, participants were given two practice tasks to 

practice each component of the operation span task before completing the real task. The first 

part of the practice was dedicated to practicing the letter sequence portion of the task. One at 

a time, participants were shown letters in a sequence of three to seven letters. Then, once the 

sequence was complete, participants would see a grid of letters that they would have to click 

on to report the sequence they just saw. In the second part of the practice, participants 

practiced the math portion of the task. First, they were shown an equation, such as (2*1) + 3 

= 7. Participants were told to click the mouse to move forward. On the next screen, 

participants were asked to report whether the equation was true or false. Participants were 

told to keep their accuracy rate for the math problems above 80% as a way to ensure they 

were putting effort into this task. Once both practice portions were complete, participants 

were taken to the real task in which they were asked to report whether or not the displayed 

equation was true or false then shown a letter. This sequence repeated until they were shown 

three to seven letters after completing math equations. Once the sequence was complete, 

participants were shown a grid of letters and told to report the sequence they saw by clicking 

on the letters in the correct sequence. Participants completed 15 sequences in the real trial 
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after they did three practice sequences. For this set of studies, the score for the operation 

span task was the number of letters they reported correctly in fully correct reported 

sequences. Higher scores indicated higher working memory capacity.  

Apparatus 

 For the IVR lesson, participants used the HTC Vive head-mounted display virtual 

reality system connected to a Dell Alienware computer. The lesson was operated through 

Steam software on the Dell computer. In addition to the head-mounted display, participants 

had wireless controllers that they used to interact with the environment and receive haptic 

feedback from the virtual environment. The slideshow lesson and all the non-lesson material 

were presented on a Dell computer with a 20-inch color monitor.  

Procedure 

 Participants started the study by signing the consent form. Once they agreed to 

participate, they completed the prequestionnaire, the digit span task, and the operation span 

task. Then, they were randomly assigned to either the IVR lesson or the slideshow lesson 

and watched the appropriate lesson. For those in the IVR lesson, they were instructed on 

how to put on the head-mounted displayed and monitored while wearing the headset. For 

those in the slideshow condition, they were instructed to use headphones to watch the lesson 

and were monitored while watching the lesson. When they had completed the lesson, 

participants were thanked for their participation and told to return for the second part of the 

study a week later. 

 In the second session, participants started by completing the posttest. Once done with 

the posttest, the survey moved directly to the postquestionnaire questions. Then, participants 
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were instructed to complete the Stroop task, Corsi block task, n-back task, and flanker task, 

each of which they completed twice in a row. Once done with that, participants were 

thanked again for their participation and given credit for their participation. Each session of 

the experiment took no longer than an hour to complete. The study was approved by the 

university’s Institutional Review Board (IRB).  

Results 

Posttest Scoring 

 The posttest was scored with a rubric that assessed how many main points were 

present in each of the participants’ responses to the posttest questions, similar to how the 

posttest in Experiment 1 was scored. For example, a question like “How can marine 

scientists figure out if an area of a reef is healthy?” had three main points associated with it 

and that could earn the participants points. Specifically, these main points were “conduct a 

species count,” “if there is more sea life, the reef is healthier,” and “if there is no or little sea 

life, the reef is unhealthy.” As such, if participants did not earn all the points, this did not 

necessarily indicate that their answer was incorrect, but instead indicated how many of the 

relevant and correct details were included in their response to the question. Participants 

could respond to a question correctly (e.g., in the example question, a correct answer would 

say something like “conduct a species count.”) but not include all the main points in the 

rubric for that item. This rubric style was used in order to determine who demonstrated more 

knowledge about the material by including more specific facts to support their response 

rather than a binary right/wrong grading scheme. The main points associated with each 

question are provided in Appendix B.  
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 Each question had two to seven main points associated with it. When a participant’s 

response included the main idea from the rubric in their answer, the response was given a 

“1” for that specific rubric item, and if not, it was given a “0.” Then a total score for each 

question was created by adding the 1s and 0s across the rubric. Then, a total score for the 

posttest was created by adding the total scores for each question, to create a number out of 

32. The rubric is provided in Appendix B.  

 Two independent scorers read each response and gave the participants scores. The 

correlation between the two scorers was strong, r = .86, p < .001. All differences in scoring 

between the scorers was discussed until 100% agreement. The reliability of the posttest was 

determined using McDonald’s Omega and was .78.  

Outliers 

In this data, outliers were determined to be participant scores on the measures of 

working memory in which the z-score exceeded positive or negative three. In this data set, 

four participants were removed from the data because of their outlier scores, including one 

participant due to their high Stroop task score, one participant due to their low Corsi block 

task score, one participant due to their high flanker task score, and one participants due to 

their low n-back score. Removing these outliers did not change the pattern of results. 

Are the Groups Equivalent on Key Characteristics?  

 Before proceeding with further analyses, I checked that random assignment was 

successful by comparing two conditions groups on basic characteristics. Means and standard 

deviations on basic characteristics for the two groups are presented in Table 9. There was 

not a significant difference between groups based on age, t(140) = -.58, p = .563; class level,  
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Table 9 

Means and Standard Deviations for Experiment 2 
 

 IVR Condition Slideshow 
Condition 

 M SD M SD 
Age 19.66 2.47 19.97 3.69 
Class Level 2.06 1.24 2.04 1.12 
Prior Knowledge 2.13 .96 2.16 .94 
Distraction from Lesson 1.79 .98 1.91 .83 
Extraneous Processing 2.21 .82 2.50 .90 
Posttest Score 11.88 4.71 11.79 5.23 
Presence 4.17 .60 2.87 .70 
Enjoy 4.53 .53 3.86 .73 
Interesting 4.44 .60 4.06 .83 
More Lessons 4.33 .63 3.73 1.01 
Effective 4.28 .81 3.40 .97 
Motivated 4.51 .67 3.70 .97 

 

t(140) = .06, p = .949; subjective prior knowledge, t(140) = -.20, p = .841; or gender ratios, 

c2 (2, N = 144) = .46, p = .794. As such, it was determined that random assignment was 

successful in creating equivalent groups for these key characteristics. 

Hypothesis 1: Do Posttest Scores Correlate with Scores on Executive Function Tasks 

when Learning via IVR or Slideshow? 

 Hypothesis 1 predicted that posttest scores should correlate with executive function 

task scores for participants who watched a lesson in IVR, as IVR lessons introduce 

distraction into the learning environment. Hypothesis 1 also predicted that posttest scores 

should not correlate with executive function task scores for participants who watched a 

slideshow lesson, as this lesson should not introduce many distractions into the learning 
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environment. The main analysis to answer this hypothesis was to correlate posttest scores 

with scores on executive function tasks for each condition. Thus, the data first was split to  

separate the two conditions from one another. For each condition, a correlation matrix was 

constructed to determine the relationships between posttest scores and the three executive 

function tasks, which is presented in Table 10. For the IVR lesson, the flanker task scores 

were significantly correlated with posttest scores, r = -.23, p = .049, partially in line with 

hypothesis 1a. See Figure 6a for scatterplot of flanker task and posttest scores. None of the 

other executive function tasks was significantly correlated with posttest scores for the IVR 

lesson. For the slideshow lesson, none of the executive function tasks scores was 

significantly correlated with posttest score, in line with hypothesis 1b. 

 To supplement these analyses, a stepwise regression was used for each condition to 

determine if there was a predictive relationship between the executive function tasks and 

posttest performance. The three predictors were included in the regression and the program 

selected only those that provided predictive power in the final output. For the IVR lesson, 

only the flanker task had predictive power for the posttest scores, so it was the only variable 

of the three that was included in the stepwise regression, R = .23, R2 = .05, F(1, 72) = 4.00, p  

= .049. The flanker task was related to posttest performance in the predicted direction, such 

that as flanker score decreased–indicating an increase in executive function–posttest scores 

increased, B = -.01, b = -.23, t = -2.00, p = .049. For the slideshow lesson, none of the 

variables was selected by the program, indicating that none of these variables had predictive 

power over posttest scores. Overall, there is some evidence that executive function is related  
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Table 10 

Correlation Matrix for IVR and Slideshow Lessons in Experiment 2 
 

 Posttest Stroop  N-
back 

Flanker Digit 
Span 

Operation 
Span 

Corsi 

IVR Lesson        
 Posttest 1.00 -.12 .19 -.23* .05 .14 .02 
 Stroop   1.00 -.09 .18 -.33** -.31** .04 
 N-back   1.00 -.41*** .30** .37** .27* 
 Flanker    1.00 -.34** -.27* -.06 
 Digit Span     1.00 .59*** .10 
 Operation Span      1.00 .02 
 Corsi       1.00 

Slideshow Lesson        
 Posttest 1.00 -.04 .03 .07 .16 .19 -.08 
 Stroop   1.00 .19 .21 -.05 -.05 .05 
 N-back   1.00 -.13 .23* .10 .05 
 Flanker    1.00 -.21 -.20 -.08 
 Digit Span     1.00 .50*** .19 
 Operation Span      1.00 .26* 
 Corsi       1.00 

* p < .05, ** p < .01, *** p < .001 

 

to learning outcomes when students learn with a distracting medium (i.e., IVR) but not when 

they learn with a less distracting medium (i.e., slideshow).  

 As a secondary analysis to compare the relationship between flanker task scores and 

posttest performance across the two conditions, a moderation analysis was conducted. In this 

analysis, flanker score was the predictor variable, posttest performance was the outcome 

variable, and lesson type was the moderator. See Figure 7 for a graph of the moderation. The 

moderation analysis demonstrated that there was not a significant interaction between 

flanker score and lesson type of learning, p = .169. This suggests that, although the 

correlation between flanker task score and posttest performance for the IVR lesson was  
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Figure 6. 

Correlation Between Flanker Task and Posttest Scores for Experiment 2 

 (a)             (b) 

   
(a) Correlation between flanker task and posttest performance for the IVR condition (b) correlation 

between flanker task and posttest performance for slideshow condition 
 

significant and it was not for the slideshow lesson, this difference was not large enough to be 

statistically significant.   

Hypothesis 2: Do Posttest Scores Not Correlate with Scores on Working Memory Capacity 

Tasks When Using IVR or Slideshow Lessons? 

Hypothesis 2 predicted that posttest scores should correlate with working memory 

capacity task scores. The main analysis to answer this hypothesis was to correlate posttest 

scores with scores on working memory capacity tasks. A correlation matrix was constructed 

to determine the relationships between posttest scores and the three working memory 

capacity tasks, which is presented in Table 10. For both the IVR lesson and slideshow 

lesson, none of the working memory tasks scores was significantly correlated with posttest 

score, which is inconsistent with hypothesis 2a but consistent with hypothesis 2b. See Figure 

6b for the scatterplot of flanker task and posttest scores. 

 To supplement these analyses, a stepwise regression was used for each condition to 

determine if there is a predictive relationship between the working memory capacity tasks  
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Figure 7. 

Moderation Analysis for Flanker Score Task on Posttest Performance By Condition 

 

 

and posttest performance. The three predictors were included in the regression and the 

program selected only those that provided predictive power in the final output. For both the 

IVR lesson and the slideshow lesson, none of the variables was selected by the program, 

indicating that none of these variables had predictive power over posttest scores. Overall, 

hypothesis 2a was not supported, but hypothesis 2b was supported. 

Hypothesis 3: Do Learners in an IVR Lesson Experience More Distractions and Worse 

Learning than in a Slideshow Lesson? 

 Hypothesis 3 predicted that those who learn a lesson in IVR should experience more 

distractions in a lesson and thus should report more distractions and extraneous processing 
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than those who learn in a slideshow lesson. Hypothesis 3 also predicted that those who learn 

a lesson in IVR should have worse learning compared to those who learn from a slideshow 

lesson. To test this hypothesis, posttest score, responses to the question about how distracted 

participants felt during learning, and responses to the cognitive load questions focused on 

extraneous processing were analyzed using t-tests. Means and standard deviations of these 

variables from these two groups are reported in Table 9.  

First, for how much participants felt distracted during the lesson, there was not a 

significant difference between those who learned in the IVR lesson and those who learned in 

the slideshow lesson, t(140) = -.81, p = .422. See Figure 8a for bar graph of distraction 

across groups. For the amount of extraneous processing participants reported feeling, there 

was not a significant difference, but the difference was trending toward significant, t(140) = 

-1.96, p = .052, with those who learned in the slideshow lesson reporting higher levels of 

extraneous processing than the IVR lesson. The lack of differences on the distraction and 

extraneous processing questions contradicted hypothesis 3a. See Figure 8b for bar graph of 

extraneous processing across groups. Next, for posttest performance, there was not a 

significant difference between those who learned in the IVR lesson and those who learned in 

the slideshow lesson, t(140) = .11, p = .915. This finding does not support hypothesis 3b. 

See Figure 8c for bar graph of posttest scores across groups. 

Exploratory Analyses 

 Several other analyses were of interest to this research, but not specifically predicted 

in the hypotheses. Means and standard deviations on the ratings of the participants’ 

perceptions of the lesson are provided in Table 9. First, sense of presence was compared  
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Figure 8. 

Mean Differences Across Conditions in Distraction and Posttest for Experiment 2 

(a)                                                                         (b) 

     
                                         (c) 

 
(a) subjective experience of distraction across VR and slideshow condition, (b) subjective experience of 
extraneous processing across VR and slideshow condition, (c) posttest scores across VR and slideshow 

condition 
 

between the IVR and the slideshow conditions, as the IVR condition should experience 

more presence during learning than the slideshow lesson. As expected, those in the IVR 

condition reported more presence while learning than those in the slideshow condition, 

t(140) = 11.92, p < .001.  

 Previous research has also demonstrated that students feel more positively about 

learning with IVR, compared to more traditional lessons. As such, ratings of enjoyment, 

interest, desire to learn similarly in the future, subjective effectiveness, and motivation were 
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compared between the IVR and slideshow conditions. Participants in the IVR condition, 

compared to the slideshow condition, reported that they enjoyed the lesson more, t(140) = 

6.29, p < .001, were more interested in the lesson, t(140) = 3.18, p = .002, desired more 

similar lessons in the future, t(115) = 4.28, p < .001, felt the lesson was more effective for 

their learning, t(134) = 5.85, p <. 001, and were more motivated to learn, t(122) = 5.81, p < 

.001. It appears that participants who learned with the IVR lesson had a better and more 

motivating learning experience compared to those who learned with the slideshow. 

Comments on Lesson. Open-ended comments about the experience were also 

encouraged, and as such, participants’ comments are briefly analyzed here. All comments 

were coded for different themes that were present in their responses. To begin, there were 

many more comments submitted when the participants learned with the IVR lesson (31 

comments) compared to when participants learned with the slideshow lesson (16 

comments). The nature of the comments was similar in some ways, but also different. For 

example, how positively participants felt about the lesson was a common theme across both 

conditions but was more often commented after the IVR condition (13 comments – 41.93%) 

compared to the slideshow condition (4 comments – 25.00%). For participants in the IVR 

condition, they made comments like “I liked it very much.” “enjoyed the lesson, overall 

positive experience,” and “Very fun. Would be interested in doing it again with my course 

material.” For participants in the slideshow condition, they made comments like “Overall 

the lesson including videos were interesting,” “I enjoyed it, but I did not notice much special 

about how it was taught.” and “I enjoyed the lesson on ocean acidification.”  
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 Another theme that came up across both conditions was how engaging the lesson 

was. Once again, engagement was discussed much more in the IVR condition (11 comments 

– 35.48%) compared to the slideshow condition (2 comments – 12.50%). The comments for 

the IVR condition were overwhelmingly positive and included things like "I found it 

engaging.” “I liked the interaction of the lesson.” and “I think the idea of teaching lessons 

through VR is a really cool idea and I liked the interactive aspect of it.” The comments for 

the slideshow condition were more mixed, with a positive comment like “It was really 

interactive,” but a negative comment like “I think one of the biggest things that made the 

less engaging was the limited graphics.”  

 One important theme that came up across both conditions was the distraction 

participants felt while learning. Once again, there were more instances of comments about 

distraction in the IVR condition (12 comments – 38.71%) than in the slideshow condition (5 

comments – 31.25%). However, more specifically, the types of distractions that participants 

reported were different across the two conditions. In the IVR condition, one type of 

distraction participants discussed was the visuals, such as “The visuals of the VR was very 

blurry, difficult to focus.” and “The VR does cause some eye strain because the screen is 

close to my eyes.” Another theme that came up for the IVR lesson was that there was a lack 

of text in the lesson to help participants follow along, like “one problem for me with 

learning with VR is that when I watch a video, I can always turn subtitle on, and I think I 

can learn better with text presented” and “I would love to see subtitles for the main points 

being made in the lesson. I feel like the voiceover is a little fast especially in the end of the 

lesson.”  
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An additional theme that came up for the IVR lesson was participants being 

distracted by being uncomfortable in some way, for example “Outside of being self-

conscious that other people were watching me while I was doing the VR lesson, the 

experience itself was really cool.” and “It made me spin for a second, but then my eyes and 

body adjusted to the environment.” Lastly, a theme regarding the novelty of VR came up, 

such as “I’ve never used a VR headset before so I was excited to try it out with the lesson 

but I found myself a little distracted by the technology and was unable to focus entirely on 

the lesson at hand.” and “it was the first time I had ever done VR, so it was a little 

mesmerizing. I think the more I worked with VR lessons, the more effective they may 

become.”  

 The slideshow condition participants also made comments about distraction, but the 

themes that came up were slightly different. The main distraction theme came from being 

distracted by the previous task, such as “I was more focused on the math and letter 

memorization aspect so when it came to thhe video my mind was so exausted.” and “The 

pre-activity was extremely mentally draining, so I felt like I couldn’t focus on the ocean 

acidity material because I was so tired.” There was also one comment about the pace of the 

slideshow lesson being distracting, specifically “The lesson was relatively slow-paced, and 

this made it a bit harder for me to concentrate. But knowing that I may be tested on the 

material, I paid attention.”  

 Across these comments, it seems as though those in the IVR condition were more 

likely to report about their positive experience with the lesson, suggesting that IVR is seen 

as an intriguing learning tool for many students. That being said, IVR also seemed to cause 
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more distraction for the participants than the slideshow condition, including from 

unfamiliarity with the technology itself. For the slideshow lesson, it seemed that it could 

cause distraction, but mainly from participants losing interest in the material. This suggests 

that there may be different sources of distraction across different media that should be 

assessed differently. 

Discussion 

 The main finding of Experiment 2 focuses on the role that executive function plays 

when learning from an IVR lesson compared to learning from a slideshow lesson. 

Experiment 1 demonstrated that executive function was correlated with learning, but only 

when distractions were present in the lesson. This finding can be used to help understand 

learning in this IVR lesson. In this experiment, executive function played a role in learning 

from an IVR lesson, but not in learning from a slideshow lesson. As such, this suggests that 

there is something about learning with IVR that is distracting learners. However, the 

moderation analysis not showing an interaction between flanker task and type of lesson was 

unexpected, making the results a little harder to draw concrete conclusions from. 

The comments from the lessons demonstrated that learning in IVR seemed to be 

more exciting and more motivating to students than the slideshow lesson. However, it also 

seemed as though the IVR lesson introduced more types of distraction that the learners had 

to contend with compared to the slideshow lesson. This result matches well with the 

correlational findings from the flanker task and posttest performance relationship. However, 

even though the reliance on executive function is suggesting that an IVR lesson introduces 
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distraction into a lesson, it does not seem to impact group mean learning outcomes 

compared to a slideshow lesson.  

 Additionally, this study found some peculiar results, namely, the finding that there 

were no differences in how distracted participants found the lessons and how much 

extraneous processing each group engaged in. There was also no difference found in posttest 

scores between the two groups. These findings contradict the hypotheses, the coherence 

principle, and previous research on cognitive load induced by IVR lessons, and they also 

contradict the reliance on executive function that was present when learning with IVR but 

not with a slideshow lesson. This may suggest that the questions being asked are not focused 

enough on the issue or that the questions are not specifically designed in a way that makes 

learners think about all sources of distraction within an IVR lesson.  

For example, one of the extraneous processing questions askes participants to agree 

or disagree if their mind was focused on something other than the lesson. Although this 

question seems straightforward enough, in an IVR lesson, it might not actually be assessing 

whether the participant was distracted or not. In an IVR lesson, a source of distraction can 

come from attention being pulled away from the important part of the lesson, but the 

participant can still focus their attention somewhere else within the lesson. As such, these 

participants would likely disagree to “my mind was on something other than the lesson,” 

even though they were engaging in extraneous processing. Further research should be 

conducted on how to assess for distraction and extraneous processing, especially when 

participants are engaging in IVR learning.   
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Chapter IV: Experiment 3 

Rationale and Hypotheses 

 The goal of Experiment 3 was to further investigate the findings from Experiment 2, 

specifically by trying to identify what may be serving as a source of distraction within an 

IVR lesson. As suggested by some of the comments from Experiment 2, IVR may be 

difficult to learn from, at least at first, because using the VR device is new to many learners. 

As such, a source of distraction may be due to the novelty of using the VR device for 

learning (Mayer et al., 2022). To investigate this question, I have used research on the pre-

training principle (e.g., Mayer et al., 2002; Mayer & Fiorella, 2016, 2022) in an attempt to 

combat the potential novelty of using this device. The pre-training principle predicts that 

off-loading some learning to before a lesson can benefit learning outcomes by distributing 

the amount of information to be learned into two chunks. In this case, participants played a 

game in VR meant to familiarize participants with the interactive nature of the device prior 

to watching the lesson in order to off-load learning how to use the VR device. If the novelty 

of using IVR does serve as a distraction for learners, including pre-training focused on how 

to use the device should reduce the amount of distraction experienced in a lesson and 

thereby benefit learning outcomes.  

 The main question addressed in this research was: does allowing participants to 

become familiar with a VR device prior to showing a lesson in IVR benefit learning 

outcomes? More specifically, this research aimed to determine whether a VR pre-training 

experience benefited learning from a subsequent IVR lesson compared to no pre-training 

experience. A secondary question addressed in this research was: do executive function and 
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working memory capacity relate to the effectiveness of a VR pre-training experience. I 

investigated these questions with a one-way between-subjects design in which participants 

either played a game in VR then watched the IVR lesson or just watched the IVR lesson 

then completed a posttest and completed working memory tasks.   

The first hypothesis predicted that learning with IVR should be better when learners 

have time to experience VR technology prior to the lesson rather than not having prior 

experience with the device before the lesson. More specifically, it was predicted that those 

who played a game in IVR prior to learning with an IVR lesson (i.e., the IVR+ condition) 

would give lower ratings of distraction (both on a direct question assessing distraction and 

extraneous processing questions) during learning the lesson than those who only saw the 

IVR lesson (IVR condition; hypothesis 1a) and thus the IVR+ condition would perform 

better on a posttest than the IVR condition (hypothesis 1b). The second hypothesis predicted 

that learners who were better at managing incoming information should learn more 

information from a lesson, and this would only be true if distractions are present in the 

lesson. More specifically, it was predicted that posttest scores would correlate with scores on 

executive function tasks in the IVR condition (hypothesis 2a), but there would not be a 

correlation for the IVR+ group (hypothesis 2b). Finally, the third hypothesis predicted that 

holding capacity should impact learning only when distractions are present. More 

specifically, it was predicted that posttest scores would correlate with scores on working 

memory capacity tasks when learners were in the IVR condition (hypothesis 3a), but not in 

the IVR+ condition (hypothesis 3b).  

 



 

 

 

 83 

Method 

Participants and Design 

The participants were 204 participants recruited from the Psychology Subject Pool at 

the University of California, Santa Barbara. However, 25 participants had moderate to high 

amounts of previous experience with IVR and were not included in the analyses. 

Additionally, 25 participants did not complete the study, so their data were not included in 

any analyses. This left 154 participants with complete data and low or no prior experience 

with VR. The mean age of the remaining participants was 19.32 years (SD = 1.37) and most 

of the participants were in their 1st or 2nd year at the university (M = 2.08 years, SD = 1.06). 

Additionally, the prior knowledge of the participants was somewhat low (M = 2.06, SD = 

.95), on a 5-point Likert scale from “1 – Very Low” to “5 – Very High.” Of the sample, 112 

participants identified as women, and 42 participants identified as men.  

In a between-subjects design, there were 78 participants randomly assigned to the 

IVR lesson after pre-training on a VR game (IVR+ condition) and 76 participants randomly 

assigned to the IVR lesson without pre-training on a VR game (IVR condition). For the first 

set of analyses involving t-tests, the independent variable was the condition participants 

were in and the dependent variables were posttest performance, self-reported distraction 

rating, and subjective extraneous processing rating. For the second set of analyses involving 

correlation and regression, the predictor variables were executive function task scores, 

including scores on the Stroop task, n-back task, and flanker task, and working memory 

capacity task scores, including scores on the digit span task, Corsi block task, and operation 

span task. The outcome variable was posttest performance.  
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Materials 

All the materials were computer-based or presented via a head-mounted display and 

were presented in a controlled laboratory setting. They included a prequestionnaire, pre-

lesson VR experience, IVR lesson, posttest, postquestionnaire, and working memory tasks. 

Prequestionnaire. The prequestionnaire was the same as Experiment 2. No 

participants reported being extremely prone to motion sickness, so everyone was able to 

participate in the VR experience. 

Pre-Lesson VR Experience. For the IVR+ condition, participants were asked to 

play a game called “Job Simulator” in the VR headset for 10 minutes prior to moving to the 

IVR lesson. Job Simulator is a game created by Owlchemy Labs. The premise of the game is 

that computers have replaced humans in all jobs, and the VR game is a simulated experience 

that allows humans to experience what it is like to have a job. The participants were given 

the opportunity to choose one of four jobs: car mechanic, cook, office worker, or store clerk. 

See Figure 9 for images from these different VR experiences. Within each job, participants 

were given different objectives to complete that required them to look around the whole 

360-degree space and use the hand controls to interact with objects in the environment. 

However, participants were not required to complete the objectives, as long as they 

interacted with the environment during the 10 minutes. During the game, participants were 

monitored and given prompts to engage with the environment if they were not interacting 

with the game. The rationale for the game was to give learners the experience of being in 

and interacting with immersive virtual reality. If the novelty of using a VR device is a large 

part of the reason that IVR is distracting to learn in, then giving learners experience  
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Figure 9. 

Images from Different Job Simulator Experiences 
 

Car Mechanic Job 
 
 
 
 
 
 
 
 
 
 

Store Clerk Job 
 
 
 
 
 
 
 
 
 

Office Worker Job 
 
 
 
 
 
 
 
 
 

 

Chef Job 
 
 
 
 
 
 
 
 
 
 

 

with the device prior to learning should lessen how much learners need to focus on figuring 

out the device. When learners are not focused on how to use the device, which is irrelevant 

to the goal of the lesson, learners should be less distracted than if they do not get prior 

experience in VR. 

Lesson. The lesson was the same IVR lesson as the one in Experiment 2.    

Posttest. The posttest was the same as the one in Experiment 2 and was administered 

in the same way. 
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Postquestionnaire. The postquestionnaire was similar to the one in Experiment 2. 

The questions about the participants’ experience with the lesson, subjective experience with 

cognitive load, presence, and cybersickness were the same from Experiment 2. McDonald’s 

Omega was .78 for extraneous processing questions, .59 for essential processing questions, 

and .64 for generative processing questions. McDonald’s Omega for the presence questions 

was .88. McDonald’s Omega for the oculomotor questions was .60 and for the disorientation 

questions was .61. There were several additional questions added from the Experiment 2 

version. First, several questions were added to assess the different sources of distraction in 

an IVR lesson, such as “The instructions for the lesson I saw distracted me from the lesson.” 

“Interacting with the environment in the lesson distracted me from the content.” and “Being 

immersed in the environment in the lesson distracted me from the content.” all of which 

were answered on a 5-point Likert scale from “1 – Strongly Disagree” to “5 – Strongly 

Agree.” 

Lastly, for those who were in the IVR+ condition, there were several questions that 

asked participants to rate their experience with Job Simulator, including “I enjoyed playing 

Job Simulator.” and “Playing Job Simulator distracted me from learning the material 

presented in the lesson.” all of which were answered on a 5-point Likert scale from “1 – 

Strongly Disagree” to “5 – Strongly Agree.” All the questions presented in the 

postquestionnaire are presented in Appendix C. 

Working Memory Tasks. The same battery of working memory tasks from 

Experiment 2 was used to assess participants’ ability to manage incoming information 

(executive function) and ability to hold information (working memory capacity). 
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Apparatus 

For the lesson and VR pre-training experience, participants used the HTC Vive head-

mounted display virtual reality system connected to a Dell Alienware computer. The lesson 

and game were operated through Steam software on the Dell computer. In addition to the 

head-mounted display, participants had wireless hand controls that they used to interact with 

the environment and receive haptic feedback from the virtual environment. The all the non-

lesson material was presented on a Dell computer with a 20-inch color monitor. 

Procedure 

Participants started the study by signing the consent form. Once they agreed to 

participate, they completed the prequestionnaire, the digit span task, the Stroop task, and the 

Corsi block task. Then, they were randomly assigned to either the IVR+ condition or the 

IVR condition. If they were randomly assigned to the IVR+ condition, participants moved 

into the Job Simulator game and played for 10 minutes, then moved directly into the IVR 

lesson. Participants in the IVR condition started immediately with the IVR lesson, without 

playing the game. When they had completed the lesson, participants were thanked for their 

participation and told to return for the second part of the study a week later. 

In the second session, participants started by completing the posttest. Once done with 

the posttest, the survey moved directly to the postquestionnaire questions. Then, participants 

were instructed to complete the n-back task, flanker task, and the operation span task. Once 

done with that, participants were thanked again for their participation and given credit for 

their participation. Each session of the experiment took no longer than an hour to complete. 

The study was approved by the university’s Institutional Review Board (IRB).  
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Results 

Posttest Scoring 

The posttest was scored in the same way and with the same rubric as Experiment 2. 

Two independent scorers read each response and gave the participants scores. The 

correlation between the two scorers was strong, r = .90, p < .001. All differences in scoring 

between the scorers was discussed until 100% agreement. The reliability of the posttest was 

determined using McDonald’s Omega and was .76.  

 Outliers. In this data, outliers were determined to be participant scores on the 

measures of working memory in which the z-score exceeded positive or negative three. In 

this data set, four participants were removed from the data because of their outlier scores, 

including one participant due to their low n-back task scores, and three participants due to 

their high flanker task scores. Removing the outliers did not change the pattern results. 

Are the Groups Equivalent on Key Characteristics? 

 Before proceeding with further analyses, I checked that random assignment was 

successful by comparing the IVR+ and IVR conditions. Means and standard deviations on 

basic characteristics for the two groups are presented in Table 11. There was not a 

significant difference between groups based on age, t(146) = -.14, p = .887; class level, 

t(148) = .06, p = .951; subjective prior knowledge, t(148) = -.93, p = .337; or gender ratios, 

c2 (1, N = 150) = 1.91, p = .167. As such, it was determined that random assignment was 

successful in creating equivalent groups for these key characteristics. 
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Table 11 

Means and Standard Deviations for Experiment 3 
 

 IVR+ Condition IVR Condition 
 M SD M SD 

Age 19.33 1.49 19.36 1.25 
Class Level 2.11 1.11 2.09 1.01 
Prior Knowledge 1.99 .95 2.14 .94 
Posttest Score 12.66 4.73 12.45 4.58 
Presence 3.97 .80 4.16 .61 
Enjoy 4.51 .53 4.70 .54 
Interesting 4.33 .68 4.43 .78 
More Lessons 4.30 .75 4.49 .78 
Effective 4.11 .86 4.16 .91 
Motivated 4.08 .86 4.35 .80 
Distraction from Lesson 1.83 1.04 1.70 .96 
Extraneous Processing 2.07 .78 1.94 .78 
Distracting Instructions 1.66 .83 1.73 .95 
Distracting Interactions 2.08 1.20 2.08 1.18 
Distracting Environment 1.95 1.14 1.79 1.13 

 

Hypothesis 1: Do Learners Who Are Given Prior Experience with VR Report Less 

Distractions and Have Better Learning than Learners Who Are Not? 

Hypothesis 1 predicted that the IVR+ condition should experience less distraction and thus 

report less distraction and less extraneous processing compared to the IVR condition. 

Additionally, hypothesis 1 predicted that the IVR+ condition should have better learning due 

to the reduced distraction compared to the IVR condition. To test this hypothesis, posttest 

scores, responses to the questions about the distractions that participants felt during learning, 

and responses to the cognitive load questions focused on extraneous processing were 

analyzed using t-tests. Means and standard deviations on these variables for the two groups 
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are reported in Table 11. First, there was not a significant difference between the IVR+ and 

IVR conditions on how much participants felt distracted during the lesson, t(148) = .77, p = 

.441. See Figure 10a for a bar graph of distraction across groups. Additionally, there was not 

a significant difference between these groups on how distracting the instructions were, 

t(147) = -.47, p = .640 (Figure 10b), how distracting it was to interact with the environment, 

t(147) = .82, p = .413 (Figure 10c), nor how distracting it was to be immersed in the 

environment, t(147) = -.02, p = .987 (Figure 10d). For the amount of extraneous processing 

participants reported feeling, there was not a significant difference between the groups, 

t(148) = .77, p = .331 (Figure 10e). These findings do not support hypothesis 1a.  

For posttest scores, there was also not a significant difference between the groups, 

t(148) = .28, p = .781, not supporting hypothesis 1b. See Figure 10f for a bar graph of 

distraction across groups. These findings do not support hypothesis 1 and indicate that 

playing a game prior to learning a lesson in IVR did not reduce the number of distractions 

that learners engaged with and did not benefit learning compared to those who did not play 

the game prior.  

Hypothesis 2: Do Posttest Scores Correlate with Scores on Executive Function Tasks 

when Learning With or Without Pre-Training in VR? 

Hypothesis 2 predicted that posttest scores should correlate with executive function 

task scores for those in the IVR condition because they should have had more distractions to 

deal with during learning (hypothesis 2a). Hypothesis 2 also predicted that posttest scores 

should not correlate with executive function task scores for those in the IVR+ condition 

because the distractions should have been reduced by the pre-training (hypothesis 2b). The  
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Figure 10. 

Mean Comparisons for Distraction Levels and Posttest Performance for Experiment 3 

(a)                                                                       (b) 

     
(c)                                                                       (d) 

     
(e)                                                                       (f) 

    
 

(a) subjective experience of general distraction across IVR+ and IVR conditions (b) subjective experience of 
distraction from the instructions across IVR+ and IVR conditions (c) subjective experience of distraction from 
the interacting across IVR+ and IVR conditions (d) subjective experience of distraction from the immersion 
across IVR+ and IVR conditions (e) subjective experience of extraneous processing across IVR+ and IVR 

conditions (f) posttest scores across IVR+ and IVR conditions 
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main analysis to answer this hypothesis was to correlate posttest scores with scores on 

executive function tasks for each condition. Thus, the data first was split into the two 

separate conditions. For each condition, a correlation matrix was constructed to determine 

the relationships between posttest scores and the three executive function tasks, which is 

presented in Table 12.  

For the IVR condition, n-back scores were significantly correlated with posttest 

scores, r = .30, p = .010, partially consistent with hypothesis 2a. See Figure 11a and 11c for 

scatterplot of posttest scores with n-back task score and Stroop task score, respectively. 

None of the other executive function tasks was significantly correlated with posttest scores 

for the IVR condition. For the IVR+ condition, the Stroop task scores, r = -.29, p = .011, and 

n-back task scores, r = .28, p = .015, were significantly correlated with posttest scores, 

partially inconsistent with hypothesis 2b. See Figure 11b and 11d for scatterplot of posttest 

scores with n-back scores and flanker scores, respectively. Flanker task was the only 

executive function task that was not significantly correlated with posttest scores for the 

IVR+ condition. However, in both the conditions, flanker task did have a small to medium 

correlation, but it was not significant. 

To supplement these analyses, a stepwise regression was used for each condition to 

determine if there was a predictive relationship between the executive function tasks and 

posttest performance. The three predictors were included in the regression and the program 

selected only those that provided predictive power in the final output. For the IVR condition, 

only the n-back task had predictive power for the posttest scores, so it was the only variable 

of the three that was included in the stepwise regression, R = .30, R2 = .09, F(1, 71) = 6.92, p  
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Table 12. 

Correlation Matrix for IVR and IVR+ Lessons in Experiment 3 
 

 Posttest Stroop  N-
back 

Flanker Digit 
Span 

Operation 
Span 

Corsi 

IVR+ Lesson        
 Posttest 1.00 -.29* .28* -.15 -.02 .23* -.08 
 Stroop   1.00 -.07 -.05 .03 -.10 -.08 
 N-back   1.00 .08 .03 .27* -.23* 
 Flanker    1.00 .03 -.11 -.19 
 Digit Span     1.00 .40*** .18 
 Operation Span      1.00 .12 
 Corsi       1.00 

IVR Lesson        
 Posttest 1.00 .10 .30** .22 .15 .26* -.08 
 Stroop   1.00 .16 -.18 -.02 .03 .09 
 N-back   1.00 .02 .12 .34** .11 
 Flanker    1.00 .09 .17 .12 
 Digit Span     1.00 .39*** .21 
 Operation Span      1.00 .07 
 Corsi       1.00 

* p < .05, ** p < .01, *** p < .001 
 

= .010. The n-back task was related to posttest performance in the predicted direction, such 

that as n-back task score increased–indicating an increase in executive function–posttest 

scores increased, B = .32, b = .30, t = 2.63, p = .010. For the IVR+ condition, Stroop task 

and n-back task had predictive power for the posttest scores, R = .39, R2 = .15, F(1, 72) = 

6.42, p = .003. N-back task was a stronger predictor for posttest score and was related to 

posttest performance in the predicted direction, such that as n-back task scores increased–

indicating an increase in executive function–posttest scores increased, B = .25, b = .26, t = 

2.41, p = .018. Stroop task was related to posttest performance in the predicted direction as 

well, such that as Stroop task scorse decreased–indicating an increase in executive function– 
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Figure 11. 

Correlation Between N-back & Stroop and Posttest Scores in Experiment 3 

(a)         (b) 

 
(c)       (d) 

  

(e)         (f) 

  

(a) Correlation between n-back task and posttest performance for the IVR condition (b) correlation between n-
back task and posttest performance for IVR+ condition (c) correlation between Stroop task and posttest 
performance for IVR condition (d) correlation between Stroop task and posttest performance for IVR+ 
condition (e) correlation between operation span task and posttest performance for IVR condition (f) 

correlation between operation span task and posttest performance for IVR+ condition 
 

posttest scores increased, B = -.02, b = -.27, t = -2.49, p = .015. Overall, there is some 

evidence that executive function is related to learning outcomes when students are learning 

with IVR, regardless of whether they receive pre-training in VR prior to learning.  
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 As a secondary analysis to compare the relationship between n-back task scores and 

posttest performance across the two conditions, a moderation analysis was conducted. In this 

analysis, n-back task score was the predictor variable, posttest performance was the outcome 

variable, and lesson type was the moderator. See Figure 12 for a graph of the moderation. 

The moderation analysis demonstrated that there was not a significant interaction between n-

back score and lesson type of learning, p = .762. This is not surprising as the correlations 

between n-back task scores and posttest performance were similar across the two conditions.  

 A moderation analysis was also conducted to compare the relationship between 

Stroop task scores and posttest performance across the two conditions. In this analysis, 

Stroop score was the predictor variable, posttest performance was the outcome variable, and 

lesson type was the moderator. See Figure 13 for a graph of the moderation. The moderation 

analysis demonstrated that there was a significant interaction between Stroop task score and 

lesson type on learning, p = .015. This suggests that the relationship between Stroop task 

score and posttest performance was different for the two conditions. Investigating further, 

the moderation analysis revealed that for the IVR+ condition, the slope of the line was 

significantly different from zero, t = -2.60, p = .010, such that an increase in Stroop task 

score—or a decrease in executive function—was related to a decrease in posttest 

performance. In the IVR condition, the slope of the line was not significantly different from 

zero, t = .83, p = .406. This suggests that when participants were given training in IVR prior 

to the lesson, their ability to manage incoming information during the lesson seemed to play 

an important role in helping them learn but this was not the case for participants who were 

not given training.  
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Figure 12. 

Moderation Analysis for N-Back Task Score on Posttest Performance By Condition 

 

 

Hypothesis 3: Do Posttest Scores Not Correlate with Scores on Working Memory Capacity 

Tasks when Learning With or Without Pre-Training in VR? 

Hypothesis 3 predicted that posttest scores should correlate with working memory 

capacity task scores for the IVR condition (hypothesis 3a), but not for the IVR+ condition 

because those who have training in VR prior to the lesson should have fewer distractions to 

deal with (hypothesis 3b). The main analysis to answer this hypothesis was to correlate 

posttest scores with scores on working memory capacity tasks. A correlation matrix was 

created with the posttest scores and working memory capacity tasks scores, displayed in 

Table 12. For the IVR condition, operation span task scores were significantly correlated  
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Figure 13. 

Moderation Analysis for Stroop Task Score on Posttest Performance By Condition 

 

 

with posttest scores, r = .26, p = .029, partially consistent with hypothesis 3. See Figure 11e 

for scatterplot of this relationship. None of the other working memory capacity tasks was 

significantly correlated with posttest scores for the IVR condition. For the IVR+ condition, 

once again operation span task scores were significantly correlated with posttest scores, r = 

.23, p = .049, partially consistent with hypothesis 3. See Figure 11f for scatterplot of this 

relationship. None of the other working memory capacity tasks was significantly correlated 

with posttest scores for the IVR+ condition. 

To supplement these analyses, a stepwise regression was used for each condition to 

determine if there was a predictive relationship between the working memory capacity tasks 
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and posttest performance. The three predictors were included in the regression and the 

program selected only those that provided predictive power in the final output. For the IVR 

condition, only the operation span task had predictive power for the posttest scores, so it was 

the only variable of the three that was included in the stepwise regression, R = .26, R2 = .07, 

F(1, 69) = 5.00, p = .029. As operation span task score increased–indicating a larger 

working memory capacity–posttest scores increased, B = .06, b = .26, t = 2.24, p = .029. For 

the IVR+ condition, operation span task had predictive power for the posttest scores, R = 

.23, R2 = .05, F(1, 71) = 4.00, p = .049. Once again, as operation span task score increased–

indicating a larger working memory capacity–posttest scores increased, B = .07, b  = .23, t = 

2.00, p = .049. Overall, there is some evidence that working memory capacity is related to 

learning outcomes when students are learning with IVR, regardless of whether they receive 

pre-training in VR prior to learning.  

As a secondary analysis to compare the relationship between operation span task 

scores and posttest performance across the two conditions, a moderation analysis was 

conducted. In this analysis, operation task score was the predictor variable, posttest 

performance was the outcome variable, and lesson type was the moderator. See Figure 14 

for a graph of the moderation. The moderation analysis demonstrated that there was not a 

significant interaction between operation span task score and lesson type of learning, p = 

.762. This is not surprising as the correlations between operation span task scores and 

posttest performance were similar across the two conditions. 
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Figure 14. 

Moderation Analysis for Operation Span Task Score on Posttest Performance By Condition 

 

 

Exploratory Analyses 

To expand on some of previous findings about the role that training in the VR device 

can play in learning using an IVR lesson, several other analyses were conducted using the 

data from the 25 participants with moderate to high amounts of prior VR experience that 

were not included in the original data. Participants were split into two groups, those with no-

to-low prior experience in VR and those with moderate-to-high prior experience in VR. 

There was not a significant difference in posttest performance between the lower prior 

experience group (M = 12.41, SD = 4.71) and the higher prior experience group (M = 13.20, 

SD = 5.67), t(177) = -.76, p = .451. Additionally, to make this even more constrained, 
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participants with low prior experience in VR were removed to compare only those who had 

no prior experience in VR to those with moderate to high amounts of experience. Once 

again, there was not a significant difference in posttest performance between the no prior 

experience group (M = 12.58, SD = .53) and the higher prior experience group, t(103) = -.55, 

p = .584. These analyses help demonstrate that the impactful distractions that participants 

experience in a lesson are likely coming from a source other than figuring out how to use the 

VR device. However, this is not conclusive evidence as the sample of participants with 

moderate to high prior experience with VR is small.  

Several other analyses were of interest to this research, but not specifically predicted 

in the hypotheses. Means and standard deviations on the ratings of the participants’ 

perceptions of the lesson are provided in Table 11. Sense of presence was compared 

between the IVR condition and the IVR+ condition, as having knowledge of how to use the 

VR device may lend itself to experiencing more presence while learning. However, this was 

not true as there was not a significant difference between the two conditions, t(148) = -1.58, 

p = .117.  

There were also some concerns that those who were able to play a fun game right 

before learning a more serious lesson (IVR+ condition) may not have the same experience 

as those who learn only in IVR without pre-training (IVR condition). As such, ratings of 

enjoyment, interest, desire to learn similarly in the future, subjective effectiveness, and 

motivation were compared between the two conditions. There was a significant difference 

between the two conditions on enjoyment, t(148) = -2.17, p = .032. Those in the regular IVR 

lesson reported that the lesson was more enjoyable than the IVR+ lesson. Additionally, there 
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was a significant difference between the two conditions on motivation, t(148) = -2.01, p = 

.047. Those in the regular IVR lesson reported that the lesson was more motivating than the 

IVR+ condition. Both of these findings may have occurred because playing a fun game in 

IVR right before learning a lesson that is less interactive than the game may have been a 

difficult transition. However, there was not a significant difference between the two 

conditions based on interest, t(148) = -.87, p = .387; desire to learn similarly in the future, 

t(148) = -1.47, p = .143; and subjective effectiveness, t(148) = -.40, p = .694. As such, 

although there were some differences in experience between the two conditions, the two 

experiences were not completely different.   

I was also interested in understanding how beneficial participants who were in the 

IVR+ condition felt about the effectiveness of the pre-training experience. Participants were 

asked if they enjoyed playing Job Simulator, if they thought it was helpful for learning about 

the VR device, if they thought the experience was a waste of time, and if they were 

distracted by playing the game all on a 5-point Likert scale from “1 – Strongly Disagree” to 

“5 – Strongly Agree.” Participants reported that they generally enjoyed playing Job 

Simulator (M = 4.42, SD = .86) and felt it was a good way to learn how to use the VR device 

(M = 4.21, SD = 1.03). Additionally, they generally did not think of playing Job Simulator 

as a waste of time (M = 2.21, SD = 1.20) nor did they find it distracting to learning the 

lesson (M = 1.87, SD = 1.13).  

Comments on Lesson. Open-ended comments about the experience were 

encouraged, and as such, participants’ comments are briefly analyzed here. To begin, there 

were a similar number of comments submitted for both the IVR+ condition (28 comments) 
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and the IVR condition (27 comments). Across the two conditions, the nature of the 

comments was similar, focusing mainly on comments about how the participants felt about 

the experience and the distractions experienced during the lesson. 

In both conditions, many participants made comments that indicated their positive 

experience with the lesson (15 comments for the IVR+ condition – 53.57% -- and 17 

comments for the IVR condition – 62.96%). For the participants in the IVR+ condition, 

there were comments, like “I really enjoyed the lesson and learned more about the 

acidification of oceans,” “I thought that the VR lesson was a very exciting way to learn 

about new material,” and “I enjoyed that it was easy and fun. A good way to motivate and 

start the actual learning process.” Participants in the IVR condition had similar comments, 

like “I thought it was super fun and I also think having people do the immersive VR could 

be a very very persuasive and effective way of teaching people, as it really stuck with me 

and felt powerful,” “It was great,” and “The simulation was amazing.”  

Despite having positive views on the experience, there were numerous comments 

that mentioned the distractions that participants faced in the lesson (11 comments for the 

IVR+ condition – 39.29% -- and 6 comments for the IVR condition – 23.08%). For the 

participants in the IVR+ condition, there were comments, like “although I do think I learned 

from this, I was distracted with the sea life and looking around which made me forget 

informatrion that could have helped me today,” “The novelty of using VR was somewhat 

distracting to the experience of learning about ocean acidification,” and “The noise was a 

little too much.” Participants in the IVR condition had similar comments, like “I liked the 

VR, but I think that it would have been a little better if I was simply supposed to watch the 
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lesson, rather than actively participate in it, such as having to look for shells,” “I wish there 

were captions as the narrator was speaking,” and “it was my first time using VR, so it was 

all very exciting, and I would find it difficult to focus on the lesson. But once I was used to 

it, it was okay.”  

The themes to the comments are similar to the themes that came up in the IVR 

condition in Experiment 2, indicating that although participants do enjoy using IVR for 

learning, they do recognize that it can be difficult to learn with the present distractions. This 

demonstrates that, despite some of the participants having pre-training in IVR (the IVR+ 

condition), many participants regardless of their condition mentioned experiencing 

distraction while learning in IVR. As such, it seems as though the pre-training was not 

particularly effective in reducing the distraction of learning in IVR, consistent with the 

quantitative findings. However, one interesting finding is that people in the IVR+ condition 

seemed to be more aware of the fact that learning in IVR could be distracting, determined by 

the difference in the number of comments made. This may suggest that the pre-training was 

beneficial in having students notice distraction, but not necessarily helpful in mitigating the 

impact of the distractions. 

Discussion 

The main findings of Experiment 3 demonstrated that having participants engage in 

an IVR game prior to learning in IVR does not mitigate the distractions that are brought on 

by learning with this technology. This was demonstrated through there being no differences 

between the two conditions in reported distractions and posttest performance. Additionally, 

in both conditions, executive function task scores related to posttest scores, indicating that 
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some level of distraction was experienced in both lessons. This indicates one of two things: 

(1) the pre-training experience was not enough to actually allow learners to develop an 

understanding of how to use the VR device or get used to the IVR experience, or (2) 

something other than the novelty of the VR experience is creating distractions to a lesson 

taught in IVR.  

One interesting result was that there was a moderating effect of lesson type on the 

relationship between Stroop task and posttest performance in which learners’ ability to 

manage incoming information impacted learning only in the condition where participants 

had pre-training in VR. This goes against what would be expected if the novelty of the 

lesson is causing distraction for learners. However, this could suggest that having training in 

VR prior to the lesson allows participants to become more comfortable with learning in IVR 

and thus opens them up to engaging in more distraction. That is, if someone feels 

comfortable using IVR and knows how to make use of the 360 degrees of visual 

information, they may be more likely to move, spin, and interact with the lesson, which 

increases the number of distractions, or irrelevant details, they will experience. This is 

consistent with some of the comments in the qualitative portion of the experiment. More 

research needs to be done to fully make conclusions about this effect. 

The open-ended comments also added to the evidence that participants did not differ 

much in their experiences with the lesson, regardless of if they had pre-training with VR or 

not. These comments demonstrated an overwhelmingly positive view of using IVR for 

learning, as it is an exciting and fun device to use. However, a handful of participants in 
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both conditions made comments that focused on how they were distracted within the lesson, 

which may have hurt their learning.  

In Experiment 3, working memory capacity, measured by operation span task, was 

shown to correlate with learning. The previous experiments have not found evidence for 

this, but in Experiment 3, across both conditions, better performance on the operation span 

task–indicating a larger working memory capacity–predicted better posttest scores. This 

finding may indicate that previous literature discussing the distinction between complex and 

simple span tasks (e.g., Daneman & Carpenter, 1980; Ilkowska & Engle, 2010; Redick et al., 

2012) is important to consider in research on learning, as complex span tasks may be able to 

tell us something important about individual differences in learning from technology. 

Additionally, this finding may be due to the fact that complex span tasks require some 

executive function to successfully complete the task; in the operation span task, participants 

have to try to hold the letter sequence while also manipulating and working with the math 

equation, so they have to manage what information is being worked on at one time (Engle, 

2002). 
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Chapter V: General Discussion 

Empirical Contributions 

 The main goal of this set of experiments was to investigate which types of learning 

environments are effective for whom. Previous literature has mainly been focused on 

whether different instructional design techniques and learning environments are effective for 

learning but have not focused much on how individual differences in learners could be 

playing a role in how people learn. This research helps expand previous research by 

narrowing in on individual difference factors, specifically the ability to manage and hold 

incoming information, and how these factors can have impactful effects on how people learn 

in the same learning environments.  

From this series of experiments, one of the main, consistent findings was that 

performance on classic measures of executive function was related to posttest scores when 

learning from lessons that had distracting features. In Experiment 1, this was demonstrated 

by the relationship between tasks measuring executive function and posttest performance 

when learning from multimedia lessons with distracting features, but not in multimedia 

lessons without distracting features. In Experiment 2, this was demonstrated by the 

relationship between tasks measuring executive function and posttest performance when 

learning from an IVR lesson, but not from a video lesson. In Experiment 3, this was 

demonstrated by the relationship between tasks measuring executive function and posttest 

performance in both conditions, as both conditions presented lessons in IVR.  

Across all three experiments, learners who were better at managing incoming 

information while learning (as measured by classic tasks of executive function) performed 
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better on posttests when learning from a lesson that had distracting features compared to 

learners who were worse at managing incoming information. This contrasts with the finding 

that a learner’s ability to manage incoming information did not relate to learning from 

lessons without distracting features, such as the lesson presented in Study 1c or the 

slideshow lesson in Experiment 2. Within these lessons, one’s ability to manage incoming 

information did not relate to learning. 

These findings make logical sense; lessons that have distracting features require 

participants to use their ability to manage incoming information to sort the relevant 

information from the irrelevant information and ignore the irrelevant information. However, 

because individuals differ in their ability to manage incoming information, there are various 

impacts of distracting environments on different learners. If a lesson has distracting 

information, learners who are able to ignore the irrelevant information (better at managing 

incoming information) will be able to fill their limited working memory with only relevant 

information from the lesson while learners who are unable to ignore the irrelevant 

information (worse at managing incoming information) will fill their limited working 

memory with both relevant and irrelevant information and hit the limit sooner. As such, 

those who are better at managing incoming information will have better learning outcomes 

than those who are worse at managing incoming information.  

 Another important finding from this set of studies is that working memory capacity 

did not consistently significantly relate to posttest performance for the lessons. In 

Experiments 1 and 2, working memory capacity did not significantly correlate with posttest 

scores for both the distracting lessons and the non-distracting lessons. This would indicate 
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that the amount of information that someone can hold at one time does not seem to play an 

important role in how much information they learn. As such, it would seem that the ability 

to manage incoming information is more important than the ability to hold new information 

to consider in learning from distracting lessons.  

 However, this pattern of results changed in Experiment 3; working memory capacity, 

specifically measured by operation span task, did correlate with posttest scores such that as 

one’s capacity was larger, the more they were able to learn. In terms of statistical 

significance, these findings conflict with the findings from Experiment 2. However, 

investigating the correlation values, operation span task, in both Experiment 2 and 3, had 

consistently small to moderate correlations with posttest scores, suggesting that working 

memory capacity may be playing some role in learning in all learning environments, 

distracting and not distracting. If the ability to hold new information does play an important 

role in learning, individual differences on complex span tasks, like operation span task, seem 

to be more relevant to learning than individual differences on simple span tasks, like digit 

span task and Corsi block task.  

 One reason that operation span task may have differed from the simple span tasks is 

that operation span task requires a degree of executive function during the task (Engle, 

2002). As such, it may be the case that this task is picking up the importance of executive 

function in learning and presenting correlations between the task and posttest learning. This 

would lead to the conclusion that holding capacity itself does not seem to play a role in 

learning.  
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 Through this research, it was also found that people had similar posttest scores when 

learning from both the IVR and slideshow conditions, specifically in Experiment 2, but 

ability to manage incoming information only seemed to predict posttest outcomes when 

learning from IVR. On the surface level, this finding seems to contradict the coherence 

principle, but with the addition of the reliance on individuals’ ability to manage incoming 

information, it seems as though the coherence principle is important to consider for certain 

learners. If just comparing the means of the groups, the coherence principle, stating that 

irrelevant information should be removed to benefit learning, does not seem to be supported 

by this research. But, with the individual difference component in mind, the coherence 

principle seems to be important to consider for learners who have a harder time managing 

incoming information. As such, this research helps demonstrate an important boundary 

condition for when following the coherence principle is most important. 

Furthermore, this finding may help explain some of the conflicting findings in 

previous research on the benefits of learning in IVR compared to more traditional learning 

environments. In previous literature on the use of IVR in learning environments, there has 

been a lot of inconsistent findings, with some studies finding that IVR is better than more 

traditional learning mediums, some finding they are the same, and some finding IVR is 

worse. However, across these previous studies, individual differences, especially those 

regarding managing incoming information, have not been taken into account before now.  

The differences that are seen in this previous literature may be explained by the lack 

of control over individual differences, as this set of experiments has demonstrated that an 

individual’s ability to manage incoming information has important implications in their 
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learning from an IVR lesson. If a sample of participants has a stronger ability to manage 

incoming information, their learning is likely not going to be negatively impacted by the 

distractions in the lesson and thus they are able to benefit more from the increased 

motivational and affective benefits of the IVR lesson (Flavia Di Natale et al., 2018; Lee et 

al., 2017; Makransky et al., 2019b; Makransky & Petersen, 2021; Parong & Mayer, 2018). 

However, if a sample of participants has weaker ability to manage incoming information, 

they are likely going to struggle with the distractions and not be able to learn as much in an 

IVR lesson compared to a more traditional lesson. As such, this research has demonstrated 

that making conclusions about the benefits of learning environments is not as simple as ‘yes, 

IVR is helpful’ or ‘no, IVR is not helpful.’ Instead, the answer must take into account 

specifics about the learner to determine which learning environment is going to be 

conducive to learning.  

Lastly, this research has demonstrated, specifically in Experiment 3, that mitigating 

the distracting features of an IVR lesson is more difficult than briefly introducing learners to 

how to use a VR device. Even with a 10-minute introduction to a highly interactive game in 

IVR, learners did not do better on a posttest compared to those who did not receive this pre-

training. Additionally, learners’ ability to manage incoming information related to learners’ 

posttest scores, suggesting that even with pre-training, learners still needed to use their 

ability to manage incoming information to ignore distractions and irrelevant information 

when learning in IVR. This finding suggests that the type of distractions learners face within 

an IVR lesson either needs more than 10-minutes of experience to mitigate or that the 

distractions are more inherent to the design of the lesson.  
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The results of Experiment 3 also demonstrated that, at least in terms of the Stroop 

task, training in VR prior to a lesson may contribute to the reliance on one’s ability to 

manage incoming information. For the IVR+ condition, but not the IVR condition, 

participants who were better able to manage incoming information performed better on the 

posttest than those who were worse at managing incoming information. This could suggest 

that with more familiarity and understanding of using VR technology, learners may be more 

comfortable using the device and have to deal with more distractions from increased 

interactivity and movement in the device.  

Lastly, the exploratory analyses that focused on how learners with high amounts of 

prior VR experiences performed on the posttest compared to learners with low amounts of 

VR experience suggests that it is more likely the second option, as even with moderate to 

high amounts of experience with VR, learners still were not able to learn more in an IVR 

lesson. As such, more work needs to be done to identify which specific features of an IVR 

lesson increase distraction and how these distractions can more effectively be mitigated.  

Theoretical Contributions 

These findings help expand theories of learning, like cognitive load theory and the 

cognitive theory of multimedia learning. Cognitive load theory (Paas & Sweller, 2022; 

Sweller, 1994, 2020) and cognitive theory of multimedia learning (Mayer, 2021, 2022) 

explain that while learning, individuals’ working memory can be impacted by different types 

of demands on processing capacity, and as such have different consequences on learning, 

depending on the type of demand. For lessons that have distracting features or use 

distracting technology, extraneous load (in CLT) or extraneous processing (in CTML) are 
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important to consider. Both theories predict that for lessons that induce an increased amount 

of extraneous processing, learning outcomes are poorer. However, these theories do not 

discuss how individual differences in cognition, specifically ability to manage incoming 

information, can equip some learners for dealing with extraneous processing better than 

others. As such, lessons that have distracting information or use distracting technology do 

not create the same amount of extraneous processing for all learners. 

Both of these theories explain that the work individuals are doing to learn new 

material is all occurring within working memory (Mayer, 2021, 2022; Paas & Sweller, 2022; 

Sweller, 1994, 2020). However, these theories do not account for the fact that people vary in 

the capabilities of their working memory. For these theories to help make the best 

predictions about when students will be able to learn best, this research demonstrates that it 

is important to take into account learners’ individual differences in the ability to manage 

incoming information. This is especially true for lessons that put high demands on learners’ 

working memories, such as those that present many irrelevant details to learners.  

Practical Implications 

From this research, several practical implications arise. First, when learning from a 

lesson, learners’ ability to manage incoming information is an important predictor of how 

well they will be able to learn the material, if they are learning from a lesson that has 

distractions. This is true for more traditional learning environments that are poorly designed, 

like a multimedia video lesson, and learning environments that use technology, like 

immersive virtual reality. As an instructor, this is vital to consider because using this type of 

material in an instructional setting contributes to inequity in the classroom. As the push to 
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incorporate IVR into classrooms and learning environments has increased drastically in the 

last few years, this research is essential in recognizing how this can add to the inequity in 

learning within a class. As such, these findings suggest that instructors be mindful about the 

material they use in their classes until more research can be done on what can effectively 

mitigate distractions in both IVR lessons and more traditional lessons with distracting 

features. 

 Second, the findings of this research show how necessary it is to continue to conduct 

research on the role that individual differences play in learning. Although some literature 

has investigated the role that prior knowledge has in learning (e.g., Chen & Huang, 2013; 

Fiorella & Mayer, 2016; Gilmore & Papadatou-Pastou, 2009; Minnaert, 1999), a large 

portion of prior research on learning has focused on general principles that benefit all 

learners. The trend of investigating how individual differences impact learning experiences 

needs to become more widely used as there are important consequences of learning 

environments on learners.  

 Lastly, this research demonstrates an important need for having measures of working 

memory that mirror the way in which working memory operates in real experiences. For 

example, in this research, simple span tasks, like the digit span and Corsi block task, 

consistently did not predict posttest outcomes, but complex span tasks, like the operation 

span task, did. As prior literature has suggested, complex span tasks are much more similar 

to how our brains actually interact with incoming information in everyday situations (Engle 

et al., 1999; Waris et al., 2017). This literature demonstrates the need to measure individual 

differences in working memory in order to better understand learning, so it is important that 
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there are many tasks that measure both working memory capacity and executive function 

that mirror real-life use of these factors.  

Limitations and Future Directions 

There are some notable limitations to this research that must be discussed. The first 

limitation is the lack of consistency in the measure of executive function that correlated with 

posttest scores in each of the experiments. Although each experiment showed that at least 

one of the measures of executive function used in the research had a significant relationship 

with posttest scores in lessons with distractors, it was not the same task each time (i.e., 

posttest score correlated with n-back task in Experiment 1, flanker task in Experiment 2, and 

Stroop and n-back tasks in Experiment 3). One potential reason for this was that the 

measures had low power due to how few trials each task had, so there was likely some 

variability in how accurate each participant’s score was. As such, future research should 

investigate how better and more consistent measures of executive function predict posttest 

performance. Additionally, future research should try to identify if specific measures of 

executive function predict learning outcomes best. 

 Another limitation to this work is related to the length of the lesson. Across all three 

experiments, participants were given learning material that was presented to them in under 

10 minutes. This makes it difficult for these results to generalize directly to real-world 

learning environments, like classrooms, as real-world learning experiences generally are 

much longer than 10 minutes. With longer durations of instruction and instructional 

material, the impacts of managing and holding incoming information may differ from what 

was found in these studies. It is important to understand how individual differences in 
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managing and holding incoming information impact more real-world learning, as longer 

durations of learning time may make the impacts of working memory differences on 

learning more important or negate their effects.   

 An additional limitation of this work comes from the make-up of the samples used 

across the three studies. Almost all participants were between 18 and 25 years old and 

undergraduate students at University of California, Santa Barbara. As such, the findings 

from this research may not generalize to other groups of individuals. Particularly, the 

findings may not be the same for students who are younger, like those in K-12, where the 

integration of IVR into classes is becoming quickly widespread. More research needs to be 

done on this younger population in order to determine if the impacts of managing and 

holding incoming information on learning is similar for this group.  

 In addition to the research that should be conducted to help address the limitations of 

the series of experiments, there are also several other directions that future research should 

investigate. First, future research should investigate which specific features of an IVR lesson 

contribute to the learner’s overall distraction in order to be able to more effectively use IVR 

technology in learning environments. As demonstrated in this research, being familiar with 

how to use VR does not seem to play a huge role in mitigating the distractions that are 

present in IVR lessons. Thus, to better attempt to mitigate the distractions created by IVR, it 

is necessary to identify what specifically is causing IVR to be distracting to learners. 

 Relatedly, more research needs to be conducted on how to measure distractions 

within an IVR lesson. As Experiment 2 demonstrated, the standard measures to understand 

the level of distraction learners experience during a lesson, like a question directly assessing 
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how distracting a lesson was or a measure of extraneous processing while learning, may not 

be well equipped to measuring distraction that is occurring in an IVR lesson. When being 

asked about distractions, it may be the case that learners are not thinking about the many 

different ways their attention was not focused on the specific parts of the lesson while 

learning (e.g., distraction can occur if they: are focused on the wrong information within the 

lesson, are focused on using the VR device, are mind-wandering, etc.). As such, these 

current measures of distraction could be misleading. More research needs to be done to 

determine the best ways to accurately determine distraction in an IVR experience in order to 

have better findings about the distractibility of different IVR lessons.  

Additionally, future research could enhance the use of IVR in learning by 

determining which types of experiences may best support learning within an IVR lesson. For 

example, some research has investigated how generative learning strategies, like 

summarizing, can be incorporated into an IVR lesson and benefit learning compared to a 

base IVR lesson (Parong & Mayer, 2018). However, there are only a couple of studies that 

presently have investigated this research and some of the findings show benefits of these 

strategies (i.e., Klingenberg et al., 2022; Parong & Mayer, 2018) while other studies do not 

show benefits (Elme et al., 2022; Parong & Mayer, 2021b). Much more research needs to be 

done to understand what other activities can make IVR more beneficial, especially with 

individual differences in mind.  

 Lastly, future research should work to create better measures of executive function 

and working memory capacity. Although there are many measures of executive function and 

working memory capacity, many of these tasks require many trials over a long period of 
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time and work best in a controlled laboratory environment. Shorter versions of these tasks 

seem to have less reliable and less powerful outputs, as demonstrated with this set of 

experiments. For research on learning, it would be beneficial to have measures that are quick 

and easy to use in learning environments. 

Conclusion 

This set of three experiments aimed to understand how individual difference factors, 

specifically differences in ability to manage incoming information and ability to hold 

incoming information, impacted how well individuals could learn from a lesson with 

distractions. Across both multimedia video lessons and lessons in immersive virtual reality, 

a learner’s ability to manage incoming information consistently predicted posttest scores 

when a lesson had distracting features; learners who were better at managing incoming 

information had better posttest scores compared to learners who were worse at managing 

incoming information. A learner’s ability to hold new incoming information did not 

consistently predict posttest scores in any type of lesson. This research demonstrates the 

importance of considering individual difference factors in designing and implementing 

technology-based instruction. 
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Appendices 

Appendix A 

Prequestionnaires 
 
Experiment 1 
 
Major: 
 
GPA: 
 
Age: 
 
Gender:  
 
Class level: 
o Freshman 
o Sophomore 
o Junior 
o Senior 
o Other (please specify) 

 
Please rate your knowledge of fusion energy. 
o Very Low 
o Somewhat Low 
o Average 
o Somewhat High 
o Very High 

 
Please select each of the things that apply to you: 
o I have taken a class that has discussed fusion energy. 
o I understand how the sun produces energy. 
o I am concerned with how alternative energy systems work. 
o I know the difference between fusion and fission. 
o I have taken a class that has discussed nuclear energy. 
o I am interested in alternative types of energy. 
o I am interested in how the sun creates energy. 

 
Experiments 2 & 3 
 
Major:  
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GPA: 
 
Age: 
 
Gender:  
 
Class level: 
o Freshman 
o Sophomore 
o Junior 
o Senior 
o Other (please specify) 

 
Please rate your knowledge of ocean acidification. 
o Very Low 
o Somewhat Low 
o Average 
o Somewhat High 
o Very High 

 
Please select each of the things that apply to you: 
o I have taken a class that has discussed greenhouse gases. 
o I have seen the effects of ocean acidification first-hand. 
o I am a member of a conservation group (such as Sierra Club). 
o I like to watch the National Geographic cable channel. 
o I consider myself to be an environmentalist. 
o I know how ocean acidification works. 
o I have taken conscious efforts to reduce my carbon footprint. 
o I have learned about how climate change occurs. 
o I am concerned about ocean reefs. 

 
How prone are you to motion sickness? 
o Not At All 
o Very Little 
o Moderate 
o Very Prone 
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Appendix B 

Grading Rubrics 

Experiment 1 

Question 1: How does fusion work in the 
sun? 
o Sun cheats with high pressure instead 

of high heat 
o Strips electrons from nuclei 
o Overcomes repelling nuclei 
o Collisions occur 
o Nuclei get merged together 
o Energy is released 
 
Question 2: Why is fusion energy so 
efficient? 
o Hydrogen is abundant/easy to find (in 

sea water) 
o Safe reaction 
o Creates a lot of energy 
o Very little waste is created/cleaner 

energy source 
 
Question 3: Why can the sun create fusion 
energy without having a high enough 
temperature? 
o High pressure instead of heat 
o Pressure can squeeze together the 

nuclei 
 
Question 4: What are the pros of using 
fusion energy on Earth? 
o Unlimited energy from fusion/efficient 
o Very limited affect on environment/ 

clean energy 
o Easy to acquire most materials 
o Safer than other forms of energy 
 

Question 5: What is one possible 
environmental reason to not use fusion 
energy? 
o Tritium is radioactive (if used as a fuel 

source) 
o Tritium can leak into the environment 

as a byproduct 
 
Question 6: What are the cons of using 
fusion energy? 
o Potential environmental concerns 
o Need to harvest some materials, that 

may be harder to get 
o Expensive to build now 
o Not a proven technology 
o Can use money on other types of 

proven alternative energy 
 
Question 7: What happens if the 
confinement of a fusion reactor fails? 
o Plasma expands 
o Plasma cools off 
o Plasma needs to be moving fast or 

very hot to make reaction work 
o No reaction would occur 
 
Question 8: Why does the reaction stop if 
the confinement of a fusion reactor fails? 
o Hot temperature/high pressures 

required for fusion 
o Plasma cools 
o Plasma loses pressure (it expands) 
o Nuclei repel one another again 
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Experiments 2 and 3 

Question 1: Explain how ocean 
acidification occurs. 
o CO2 is in the atmosphere 
o CO2 and H2O interact 
o Creation of acid/acidification 
o Specifically, carbonic acid is created 
o Carbonic acid increases the acidity  
 
Question 2: If car’s exhaust released a 
different greenhouse gas, like methane 
(CH4), could ocean acidification still 
occur due to car fumes? 
o No 
o CO2 + H2O = carbonic acid only 
o H2O and CH4 do not combine to 

create carbonic acid specifically 
 
Question 3: What steps would need to be 
taken to make the ocean less acidic? 
o Reduce greenhouse gas producing 

items 
o Specifically, reduce CO2 
o This lessens the interaction with water 
o Creates less carbonic acid/less 

acid/less ocean acidity 
 
Question 4: What molecules combine to 
increase ocean acidification? What 
molecule do they create? 
o CO2 (carbon dioxide) 
o H2O (water) 
o H2CO3 (carbonic acid) 
 

Question 5: How does an abundance of 
CO2 in the atmosphere affect sea life? 
o Interaction of H2O and CO2 
o More carbonic acid in the ocean 
o Acidic ocean/ ocean acidification 

occurs 
o Acid is harmful to sea life 
o Sea life moves or dies, unlivable 

conditions for sea life 
 
Question 6: Why were their sea snails in 
the first area of the reef but not the second 
area? 
o First area = less CO2 absorbed 
o First area = less/not acidic 
o First area = not corrosive  
o Second area = more CO2 absorbed 
o Second area = acidic/ acid present 
o Second area = corrosive area kills off 

the sea life 
 
Question 7: How might ocean 
acidification affect humans? 
o Kills sea life/less sea life 
o Food chain can collapse/ecosystem 

collapse 
o Less fish in the sea means less fish for 

humans to consume 
 
Question 8: How can marine scientists 
figure out if an area of a reef is healthy?  
o Species count 
o More sea life = healthy reef 
o No/little sea life = unhealthy reef 
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Appendix C 

Postquestionnaire 

Experiment 1 

Experience Questions 
1. I enjoyed this lesson. 
2. The topic of this lesson was interesting to me. 
3. I would like to learn from more lessons like this. 
4. I felt as though they way this lesson was taught was effective for me. 
5. I felt motivated to understand the material. 
6. The video lesson was distracting. (only in Studies 1b and 1c) 
 
Cognitive Load Questions* 

7. It was hard to pay attention during the lesson. (extraneous processing) 
8. I tried to remember the information in the order presented. (essential processing) 
9. I felt distracted during the lesson. (extraneous processing) 
10. I was trying to make sense of the material. (generative processing) 
11. I was working to memorize the information. (essential processing) 
12. I was trying to make connections between the material and things I already know. 

(generative processing) 
13. I was working on understanding the lesson. (generative processing) 
14. My mind was not on the lesson. (extraneous processing) 
15. I was trying to learn the main facts from the lesson. (essential processing) 
 
Other Questions 
16. Are you color blind?^ 
17. Please provide any additional comments about this lesson below. (Open-ended question) 
18. Did anything not work for you during this lesson?^ 
 
Experiment 2  
 
Experience Questions* 
1. I enjoyed this lesson. 
2. The topic of this lesson was interesting to me. 
3. I would like to learn from more lessons like this. 
4. I felt as though they way this lesson was taught was effective for me. 
5. I felt motivated to understand the material. 
6. The video lesson was distracting.  
 
Cognitive Load Questions* 
7. It was hard to pay attention during the lesson. (extraneous processing) 
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8. I tried to remember the information in the order presented. (essential processing) 
9. I felt distracted during the lesson. (extraneous processing) 
10. I was trying to make sense of the material. (generative processing) 
11. I was working to memorize the information. (essential processing) 
12. I was trying to make connections between the material and things I already know. 

(generative processing) 
13. I was working on understanding the lesson. (generative processing) 
14. My mind was not on the lesson. (extraneous processing) 
15. I was trying to learn the main facts from the lesson. (essential processing) 
 
Prescence Questions* 
1. I felt that I was able to control events in the environment. 
2. The environment was responsive to actions that I performed. 
3. My interaction with the environment seemed very natural. 
4. The visual aspects of the environment were really present and moving around me. 
5. I felt like the objects in the environment were really present and moving around me. 
6. I felt like I was really in the environment. 
7. I felt like I was immersed (or included in) and interacting with the environment. 
 
Cyber-sickness Questions~ 
1. General Discomfort (oculomotor question) 
2. Fatigue~ (oculomotor question) 
3. Eye Strain~ (oculomotor question) 
4. Difficulty Focusing~ (oculomotor question) 
5. Headache~ (disorientation question) 
6. Fullness of Head~ (disorienting question) 
7. Blurred Vision~ (disorienting question) 
8. Dizzy (Eyes Closed)~ (disorienting question) 
9. Vertigo~ (disorienting question) 
 
Other Questions 
1. Are you color blind?^ 
2. Please provide any additional comments about this lesson below. (Open-ended question) 
3. Did anything not work for you during this lesson?^ 
4. How much experience did you have with VR prior to participating in this study?# 
 
Experiment 3 
 
Experience Questions* 
1. I enjoyed this lesson. 
2. The topic of this lesson was interesting to me. 
3. I would like to learn from more lessons like this. 
4. I felt as though they way this lesson was taught was effective for me. 
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5. I felt motivated to understand the material. 
6. The video lesson was distracting.  
7. The instructions for the lesson I saw distracted me from the lesson. 
8. Interacting with the environment in the lesson distracted me from the content. 
9. Being immersed in the environment in the lesson distracted me from the content. 
 
Cognitive Load Questions* 
1. It was hard to pay attention during the lesson. (extraneous processing)  
2. I tried to remember the information in the order presented. (essential processing) 
3. I felt distracted during the lesson. (extraneous processing) 
4. I was trying to make sense of the material. (generative processing) 
5. I was working to memorize the information. (essential processing) 
6. I was trying to make connections between the material and things I already know. 

(generative processing) 
7. I was working on understanding the lesson. (generative processing) 
8. My mind was not on the lesson. (extraneous processing) 
9. I was trying to learn the main facts from the lesson. (essential processing) 
 
Presence Questions* 
1. I felt that I was able to control events in the environment. 
2. The environment was responsive to actions that I performed. 
3. My interaction with the environment seemed very natural. 
4. The visual aspects of the environment were really present and moving around me. 
5. I felt like the objects in the environment were really present and moving around me. 
6. I felt like I was really in the environment. 
7. I felt like I was immersed (or included in) and interacting with the environment. 
 
Cyber-sickness Questions~ 
1. General Discomfort (oculomotor question) 
2. Fatigue~ (oculomotor question) 
3. Eye Strain~ (oculomotor question) 
4. Difficulty Focusing~ (oculomotor question) 
5. Headache~ (disorientation question) 
6. Fullness of Head~ (disorienting question) 
7. Blurred Vision~ (disorienting question) 
8. Dizzy (Eyes Closed)~ (disorienting question) 
9. Vertigo~ (disorienting question) 
 
Job Simulator Experience Questions* 

1. I enjoyed playing Job Simulator. 
2. I felt that playing Job Simulator was a waste of time. 
3. I learned how to use the VR better because of Job Simulator. 
4. Playing Job Simulator distracted me from learning the material presented in the lesson.  
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Other Questions 
19. Are you color blind?^ 
20. Please provide any additional comments about this lesson below. (Open-ended question) 
21. Did anything not work for you during this lesson?^ 
22. How much experience did you have with VR prior to participating in this study?# 
 
*Scale = 1 – Strongly Disagree, 2 – Somewhat Disagree, 3 – Neutral, 4 – Somewhat Agree, 

5 – Strongly Agree 
^Scale = 1 – Yes, 2 – No 
~Scale = 1 – Not At All, 2 – Slightly, 3 – Moderately, 4 – Very 
#Sclae = 1 – No experience with VR, 2 – Very little experience with VR, 3 – Moderate 

amount of experience with VR, 4 – A lot of experience with VR 
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Appendix D 
 

Experiments 2 & 3 IVR Lesson Scripts 
 

IVR Version:  

Climate change has begun. It is already hurting our planet. Many of us have seen the toll on 
cities and coast lines already. But very few people witness the damage below the ocean’s 
surface. Now what if you had a crystal ball, and that crystal ball showed you exactly what 
the world’s oceans would look like in a world affected by climate change. Walk up and 
touch the crystal ball to experience it for yourself. 
 
Look at the grey car in front of you. Bend down and touch the exhaust pipe. These are CO2 
molecules. Take a step back and watch them spew from the exhaust pipe. Humans release 
over 22 million tons of CO2 into the atmosphere each day. Pay special attention to the larger 
molecule now in front of you. Let’s see where it goes. 
 
Look out onto the water. The molecule that you see floating on the ocean’s surface is a 
water molecule known as H2O. Now, remember that CO2 molecule from the car? Look up 
and watch as it floats down from the sky. To watch it fall into the water, push the CO2 
molecule with your hand. Observe the chemical reaction that occurs when CO2 combines 
with H2O to create carbonic acid, or H2CO3. This process is call ocean acidification. If 
enough carbonic acid is created, the sea water becomes corrosive. Now look around as many 
CO2 molecules from the air get absorbed into the ocean. Since the industrial revolution, the 
ocean has absorbed roughly ¼ of the CO2 produced by burning fossil fuels. You will now 
travel to a special site where scientists have made a breakthrough discovery.  
 
We are now underwater on a rocky reef of the coast of Naples, Italy. What makes this reef 
special is the natural, underwater vents that spew CO2 onto the rocky reefs, making this 
water more acidic. The reef serves as a crystal ball through which scientists can see the 
effects of increased acidity on ocean ecosystems. 
 
People learn best from firsthand experiences. We’ve used computer graphics to allow you to 
interact with the reef. Look around. Notice the vibrant colors and different animal species 
around you. As a marine scientist, it is your job to measure the health of this reef by doing a 
species count. Today you will focus on sea snails. Look down at your right hand and rotate 
it until you can see the snail. This is the type of healthy sea snail you'll be looking for today. 
Look around for the flags in the blue basket. Reached down and touch the flags with your 
hand to pick one up. Now that you have a flag, find a snail. Reach out with the flag in hand 
and touch the snail to put the flag beside it. Continue to pick up flags from the pile and place 
them on the snails surrounding you. Try to be quick. Time is up. We will now move to a 
more acidic part of the reef. 
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Observe the changes that have occurred as acidity has increased. Reach out and touch one of 
the streams of bubbles rising from the sea floor. Remember that the vents here are releasing 
CO2 which is making the water more acidic. You study this part of the reef to predict the 
future. How human emissions will affect our world’s oceans and the species that live within 
them. Look at your right palm. Notice how acidity has eroded the sea snail’s shell. Now take 
a moment to walk around and look for sea snails in this area. Couldn’t find any? That’s 
because there are no living sea snails here. They can’t survive in this environment. Ocean 
acidification will severely impact all shelled species, including oysters, clams, corals, and 
certain kinds of plankton. Without these species, the entire food web can collapse. All of our 
oceans will look like this Mediterranean reef unless we reduce our CO2 emissions. But it’s 
not too late. 
 
There are actions you can take to combat ocean acidification. Keep learning about climate 
change and share that knowledge with others. Take steps to reduce your own carbon 
footprint. You can also support ocean acidification research and urge decision makers to 
provide funding to the National Oceanic and Atmospheric Administration, which helps 
communities and businesses understand the risk posed by acidification. The future of our 
Earth is in your hands.   
 
Slideshow Lesson 
 
Climate change has begun. It is already hurting our planet. Many of us have seen the toll on 
cities and coast lines already, but very few people witness the damage below the ocean’s 
surface. Now what if you had a crystal ball? And that crystal ball showed you exactly what 
the world’s oceans would look like in a future affected by climate change? 
 
Look at the grey car in front of you on the screen. From the exhaust pipe carbon CO2 
molecules are being spewed. They then go up into the air. Humans release over 22 million 
tons of CO2 into the atmosphere each day. Let’s see where these molecules go. 
 
Look out onto the water in image 1. The molecule floating on the ocean’s surface is a water 
molecule known at H2O. Now, remember that CO2 molecule from the car? Look at the 
CO2 molecule come down to the ocean in image 2. There is a chemical reaction that occurs 
when CO2 combines with H2O to create carbonic acid, or H2CO3, shown in image 3. This 
process is called ocean acidification. If enough carbonic acid is created, the sea water 
becomes corrosive. 
 
As you can see, there are many CO2 molecules in the air that get absorbed into the ocean. 
Since the industrial revolution, the ocean has absorbed roughly 1/4 the of the CO2 produced 
by burning fossil fuels. We’ll now travel to a special site where scientists have made a 
breakthrough discovery. 
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We are now underwater on a rocky reef of the coast of Naples Italy. What makes this reef 
special is the natural underwater vents that spew CO2 onto the rocky reefs, making this 
water more acidic. The reef serves as a crystal ball through which scientists can see the 
effects of increased acidity on ocean ecosystems. 
 
Look around at the images. Notice the vibrant colors and different animal species you see. 
As a marine scientist, your job would be to measure the health of this reef by doing a 
species count. 
 
Today you will focus on sea snails. Look at this image. This is a healthy sea snail marine 
scientists look for. 
 
Look at these images. You will see that everywhere there is a flag indicates where a sea 
snail is found. 
 
Now you have moved to a more acidic part of the reef. Observe the changes that have 
occurred as acidity has increased in these images. The bubble vents in the images are 
releasing CO2 what is making the water more acidic. Marine scientists study this part of the 
reef to predict the future; how human emissions will effect our world’s oceans and the 
species that live within them. 
 
Look at the shell now. Notice how acidity has corroded the sea snails shell. 
 
Now take a moment to look for flags indicating sea snails in this area. Couldn’t find any? 
That’s because there are no living sea snails here. They can’t survive in this environment. 
 
Ocean acidification will severely impact all shelled species including oysters, clams, corrals, 
and certain types of plankton. Without these species, the entire food web can collapse. 
 
All of our oceans will look like this Mediterranean reef unless we reduce our CO2 
emissions. But it’s not too late. There are actions you can take to combat ocean 
acidification. Keep learning about climate change and share that knowledge with others. 
Take steps to reduce your own carbon foot print. You can also support ocean acidification 
research and urge decision makers to provide funding to the National Oceanic and 
Atmospheric Administration which helps communities and businesses understand the risks 
posed by acidification. The future of our earth is in your hands. 
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Appendix E 
 

Slides from Slideshow Lesson in Experiment 2 
 
Slide 1             Slide 2 

 
 
Slide 3            Slide 4 

 
 
Slide 5            Slide 6 

 
 
Slide 7                       Slide 8 
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Slide 9           Slide 10 

 
 
Slide 11           Slide 12 

 
 
Slide 13            Slide 14 

 
 
 
 




