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Abstract 

 This dissertation examined the potential effects of immersive technology, like 

virtual reality, (VR) on young children’s everyday lives. VR is defined according to its 

technological affordances and it psychological effect, and an overview of empirical VR 

studies that include any child over the age of eighteen are presented.  Next, this paper 

discusses how perceptual and social realism of VR content could influence young 

children’s behavioral and psychological responses, specifically related to inhibitory 

control (IC) skills, and the social influence of embodied agents.  Finally, an experimental 

study tested the effect of technological immersion (VR versus TV) on 4-to-6-year old 

children’s IC skills, approach behaviors toward an embodied agent, and their perception 

of the character as a live social actor (i.e., ontological understanding).  In addition, 

children’s emotional distress, physical distress, visual perception of the characters, and 

enjoyment of the virtual environments were assessed. The study results suggest that 

children can experience content in TV and VR similarly with relatively little to no 

emotional and physical distress. 
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 The body responds to media as if it were real, and the mind has not evolved to 

respond to media stimuli any differently than the physical world (Reeves & Nass, 

1996).  For instance, studies have shown the body responding to virtual reality (VR) 

content as if it were real, like reducing a person’s skin temperature (Salomon, Lim, 

Pfeiffer, Gassert, & Blanke, 2013),  altering users’ perception of the size of objects 

(Banakou, Groten, & Slater, 2013), or increasing a person’s heart rate (Fox, Bailenson, 

& Ricciardi, 2012).   

 The rapid development of higher order cognitive skills during early childhood 

could make young children sensitive to the perceptual rich content and socially real 

interactions with media characters in VR.  The preschool years (i.e., 3- to 5-years of 

age) are associated with rapid maturation of higher-order cognitive abilities such as 

executive function skills (i.e., inhibitory control; Carlson, 2005), symbolic 

representation (i.e., dual representation; DeLoache, 2004), and understanding the 

distinction between fantasy and reality in media (Sharon & Woolley, 2004).    

The technological affordances of VR could make content more salient and the virtual 

characters more socially influential than less immersive technologies like traditional 

television (TV) platforms.   

  This dissertation examined the potential effects of immersive technology, like 

VR on young children’s everyday lives.  Chapter 1 provides definitions of VR, and 

Chapter 2 presents an overview of empirical studies using VR that include any child 

under the age of eighteen.  Chapter 3 discusses how technological immersion (via VR) 

could relate to children’s inhibitory control (IC) skills and social responses to virtual 

content.  Finally, extending from my previous research, Chapter 4 presents findings 
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from an experiment with 4-to 6-year-old children completing two inhibitory control 

tasks (one with a socially acting character and the other without) with different levels 

of technological immersion (VR versus TV) and distraction within the content (with or 

without background distraction). Measurements included children’s performance on 

the IC tasks, approach behaviors to a virtual character, and their reported 

psychological and perceptual experience of the content.  Finally, I discuss the results, 

limitations, and future directions of this research as well as the broader implications of 

VR in young children’s lives.    

Chapter 1: Definitions of Virtual Reality (VR) 

 According to Wise and Reeves (2007), “media is an interaction of structure 

and content, and viewer” (p. 551).   As such, VR can be defined in both technological 

and psychological terms.  As a technology, VR is a computing system (e.g., computer) 

that contains tracking and rendering capabilities, and a display.  Users movements are 

tracked or measured in the physical world and the virtual environment renders or 

updates based on those movements.  Movements can be tracked along translation (x-, 

y-, z-axis) and orientation (roll, pitch, yaw), and can be measured using sensor devices 

such as hand-held controllers, worn LED lights, or infrared cameras that capture body 

heat markers. For example, a VR system that tracks a person taking a step forward in 

the physical world, will render the objects in the virtual environment to appear bigger, 

creating the perception of moving closer to the objects.   

 Several senses can be embodied or rendered with VR technology, with vision 

as the most common.  A screen displays the rendered visual information from the 

virtual environment, and is typically done via a specially designed enclosure called A 
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Cave Automatic Virtual Environment (CAVE) or virtual reality headset called a head-

mounted display (HMD).  In a CAVE the walls, ceiling, and/or floor are covered with 

a screen that projects virtual content (Cruz-Neira, Sandin, DeFanti, Kenyon, & Hart, 

1992).  Instead of being in a physical space surrounded by screens, an HMD places 

two small screens in front of users’ eyes (similar to wearing goggles).  Although a user 

could be surrounded by screens on all sides in a CAVE, the technology does not 

completely block out the physical world: the user cannot change how his or her body 

is represented in the virtual space, potentially reminding the user of the constraints of 

the physical world.  While in an HMD, users will look down and see the virtual 

content.  

 VR technology has varying degrees of technological features and affordances.  

Immersion refers to the objective capabilities of a technology that are measurable and 

comparable (Bowman & McMahan, 2007; Cummings & Bailenson, 2016). The 

tracking capabilities of a VR system (e.g., measuring body movements) is considered 

to be an immersive feature, and in addition, but not limited to, field of view (FOV), 

sound quality, and stereoscopic versus monoscopic vision.  Part of the definition of 

immersion is the technology’s ability to create a surrounding environment by blocking 

out the sensory information from the physical world and replacing it with virtual 

stimuli (Slater & Wilbur, 1997).   

 In contrast to immersion, the concept of presence refers to the subjective 

experience of feeling located in a media event; that there is no technology between the 

user and his or her experience (Lombard & Ditton, 1997).  Presence refers to a 

subjective psychological experience while immersion refers to the objective 
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capabilities of the technology.  A meta-analysis by Cummings and Bailenson (2016) 

showed immersion had a moderate effect size on presence, providing evidence that as 

the number of immersive features increase so do the levels of presence.  Further 

analysis, revealed specifically that systems with advanced levels of tracking, 

stereoscopic vision, and FOV drove this overall effect.  

  Based on the immersion and presence literature, VR can be defined as a 

computing system with objective technological capabilities that creates a surrounding 

environment in which users feel psychologically located in and/or experience it as 

real.  The technological affordances of VR systems create virtual environments with 

rich sensory fidelity that block out the physical world, which can influence how users 

think, feel, and behave.  According to Slater (2009), VR provides “a fundamentally 

different type of experience, with its own unique conventions and possibilities, a 

medium in which people respond with their whole bodies, treating what they perceive 

as real” (p. 3549).  In what follows, VR will be defined as a technology that uses an 

HMD with head tracking (i.e., orientation and/or translation) and stereoscopic vision.            

 An embodied cognition framework may explain why VR can affect cognition, 

behavior, and perception.  According to this paradigm, cognition is an interaction 

between the mind and the body.  Cognition is a multimodal process that integrates 

several systems of the body such as introspection, action (e.g., movement), emotion, 

and the perceptual system (Barsalou, 2008; Niedenthal, Barsalou, Winkielman, 

Krauth-Gruber, & Ric, 2005; Wilson, 2002).  People can generate mental 

representations of the world through 1) mental simulations, 2) how the body is situated 

in an environment and, 3) the position of the body (Barsalou, 2008; Casasanto & 
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Chrysikou, 2011; Wilson, 2002).  With simulation in the brain captures sensory 

information across the body’s different modalities (e.g., sight, sound), and integrates 

into a mental representation stored in memory (Barsalou, 2008).  The brain can 

simulate action that it sees on a screen as if it were completing the action itself (Arbib, 

2010; Rizzolatti & Craighero, 2004).  Some scholars suggest that simulation of action 

in the brain allows people to infer the goals and affective states of others to influence 

imitation and social coordination (Barsalou, 2008; Niedenthal et al., 2005; Rizzolatti 

& Craighero, 2004).  In VR, users experience content from a first person point of 

view, in which they are visually surrounded by the content.  They are able to see the 

actions of others up close, behaving in realistic ways.   

 How the body interacts with its environment in specific ways can shape how 

people think, such as body coordination influencing objects being viewed as “good” or 

“bad” (Casasanto, 2011; Casasanto & Chrysikou, 2011).  In VR, users can interact 

directly with the content in an environment via tracking in ways that can be extremely 

similar to or impossible in the physical world.  This flexibility in embodiment allows 

people to interact with their environment in novel ways (e.g., using a functional tail; 

Steptoe, Steed, & Slater, 2013), potentially altering how they see the world.  Finally, a 

person’s body position can influence thinking, suggesting that people use their bodies 

to interpret experiences (e.g., Stepper & Strack, 1993).  Virtual bodies can be 

controlled by a person’s physical body in various and novel ways, such as using arms 

to control the legs of a virtual body to complete a task or a virtual body with three 

arms (Won, Bailenson, Lee, & Lanier, 2015). Through its technological affordances 

VR has the potential to transform how children experience and think about content. 
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Chapter 2: Reviewing the Field of Children and VR Research 

 In the early history of communication research, the Payne Fund studies project 

was one of the most comprehensive and large-scale media effects research studies 

with children (Delia, 1987).  The initial project focused on the impact of film on 

children’s sleeping behaviors (at the time, film was cutting edge technologies).  The 

work during this time began to shed light on what researchers today know; that 

“human thought is not specialized to deal with the [modern] media content.  Rather, it 

is specialized to deal with primitive and complex natural stimuli that are bundled 

together in [media] messages” (Reeves, 1989, p. 194).  Today’s media landscape for 

children has expanded since the days of the Payne fund studies and technologies like 

VR are likely to be part of their future media consumption. 

 The body of empirical research studies involving children continues to grow 

(i.e. any study containing a child under the age of eighteen).  VR research has utilized 

both clinical and non-clinical populations, case studies, pilot studies, and full studies 

that examined issues that ranged from the usability of VR as a tool to understanding 

the direct effects of the technology and/or content.  Much of the research has focused 

on the use of VR for pain distraction, but it has also been leveraged for educational 

purposes, as a measurement tool, and researchers have tested the physical and 

psychological effects of the technology related to child development. 

Pain distraction 

 VR has proven to be a successful pain management tool for a variety of 

medical procedures such as port access for cancer treatments (e.g., Gershon, Zimand, 

Pickering, Rothbaum, & Hodges, 2004; Schneider & Workman, 1999), burn wound 
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cleaning (e.g., Das, Grimmer, Sparnon, McRae, & Thomas, 2005; Hoffman et al., 

2008; van Twillert, Bremer, & Faber, 2007), dental work (e.g., Aminabadi, 

Erfanparast, Sohrabi, Oskouei, & Naghili, 2012), and occupational or physical therapy 

(e.g., Sharar et al., 2007).  Overall studies tend to compare the effectiveness of VR as 

a pain distraction tool with usual care, other distraction tools, and less immersive 

media distractions.  The literature demonstrates that VR reduces the perception of pain 

more so than usual care and other distraction techniques including low immersive 

media environments (e.g. games or cartoon shows on TV).  In addition, VR has been 

effective even in cases with minimal interactivity with the content (e.g.,. Dahlquist et 

al., 2007; Law et al., 2011) suggesting that there are unique qualities to fully 

immersive VR content.        

Learning 

 VR has been utilized as an educational tool for a variety of topics, and to 

facilitate conceptual learning for processes that are challenging to visualize, 

impossible to view or too dangerous to experience in the physical world.  For 

example, teens have donned HMDs to learn about the health risks of smoking 

(Nemire, Beil, & Swan, 1999), and middle-school children have embodied a young 

gorilla in a zoo habitat to learn about the behaviors and social interactions of other 

gorillas (Allison & Hodges, 2000).   

 VR has also been used for skill building and cognitive training (e.g., providing 

life skills training such as crossing the street for deaf and hearing-impaired children; 

Vogel, Bowers, Meehan, Hoeft, & Bradley, 2004) or attention training for children 

with ADHD (Cho et al., 2002) or Autism Spectrum Disorder (Jarrold et al., 2013).  
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There have been mixed results for VR as an effective learning tool, varying widely 

with the content and its use cases.  Many studies have demonstrated its feasibility as a 

learning tool that increases children’s enjoyment of and motivation for learning.  

Measurement 

 For its unique ability to track nonverbal behavior (i.e. eye gaze, body position 

or movement), researchers have used VR as a nonintrusive measurement tool.  VR 

technology can collect thousands of data points of what the user is doing at any given 

point, reducing a reliance on self-report measures.  For example, VR’s ability to track 

eye gaze (via head movement) has been used to identify and understand the cognitive 

abilities of children with brain injuries (Gilboa et al., 2015) and to assess for ADHD 

(Bioulac et al., 2012; Pollak et al., 2009).  In non-clinical samples, VR has measured 

children’s street crossing behaviors to improve pedestrian safety (e.g., Schwebel, 

Gaines, & Severson, 2008; Simpson, Johnston, & Richardson, 2003) and as a tool to 

examine children’s postural stance (Lee, Cherng, & Lin, 2004). 

Physical and Psychological Effects on Development 

 Studies have tested VR’s physiologically effect on the ocular system, and 

psychologically impact on children’s memory.  For example, a study by Kozulin, 

Ames, and McBrien (2009) examined the ‘short term’ use (i.e., 30-minutes) of VR on 

children’s visual system, comparing a binocular viewer to an HDTV display.  Studies 

with child populations have shown that with short exposure, there are no major 

differences in simulator sickness symptoms between VR and TV (e.g., Kozulin et al., 

2009; Neveu, Blackmon, & Stark, 1998).  Examining the psychological effects of VR, 

a study by Segovia and Bailenson (2009) explored the effects of a VR experience on 
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memories among young children and compared it to other types of immersive and 

non-immersive experiences (i.e. mental imagery, verbal narrative).  Results showed 

that elementary-aged children falsely remembering certain types of VR experiences as 

having happened in real life.  

Chapter 3: The Effect of VR on Young Children’s Cognitive and Social 

Responses 

  While the research on children’s experience of VR continues to grow, there 

are many gaps in understanding the connection between technological immersion and 

child development. One area to pursue is the effect of VR (compared to other types of 

media) on children during periods of rapid cognitive development, such as during 

early childhood.  Currently, television is the most common media used by young 

children, typically via a two-dimensional (2D) screen (Rideout, 2013).  Some of the 

technological differences between children’s typical use of TV and VR could afford 

different perceptual experiences of the same content.  First, TV screens tend to have 

greater resolution than in VR headsets, which can increase the photorealism of the 

content.  Second, VR can provide children with a higher field of regard of the content 

(i.e., a greater amount of possible views of the virtual scene) than TV, even though the 

headset restricts children’s overall peripheral vision.  For instance, if children turn 

their head 90-degrees in VR (because of head tracking), children would see more of 

the virtual scene, while children using a TV would see less.  In addition, with a larger 

field of regard, VR can provide users with a large visual angle of embodied agents, 

creating the illusion that the virtual characters are standing in front of them.  Fourth, 

stereoscopic vision in VR provides depth cues while TV screens typically render 
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monoscopic views of the content (i.e., rendering one image).  Finally, VR that 

leverages spatialized sound changes the audio information to vary based on children’s 

distance and location to the sound source.  Screen technologies with multiple levels of 

tracking, wide views of the content, stereoscopic vision, and spatialized sound have 

been associated with experiencing greater levels of presence, while increased 

resolution has not been shown to be a major contributor (Cummings & Bailenson, 

2016; Kobayashi, Ueno, & Ise, 2015).   

Children’s Inhibitory Control Skills and VR 

 The sensory rich stimuli in VR content have the potential to influence young 

children’s automatic reactions such as motor, or attentional reactions and cognitive 

abilities related to inhibitory control skills. The preschool years (i.e., 3-to 5-years of 

age) mark a time of rapid development of higher-order cognitive skills such as 

executive functioning.  Inhibitory control (IC), a core executive function skill, is 

associated with emotion and behavior regulation and the ability to suppress impulsive 

responses or thoughts and to resist temptations or distractions (Obradović, Portilla, & 

Boyce, 2012).  Impulsive responses can be categorized as motor (e.g., reaching for a 

desired item), occulomotor  (e.g., looking at a distracting stimulus), or verbal (e.g., 

blurting out an answer).  IC has been associated with children’s adaptive classroom 

behaviors and school readiness skills (Allan, Hume, Allan, Farrington, & Lonigan, 

2014).   

 Measures of IC can be broadly categorized as a conflict or delay task (Beck, 

Schaefer, Pang, & Carlson, 2011).  A delay task is related to children’s ability to resist 

a temptation or postpone a dominant response in favor of a larger reward later.  For 
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instance, children are given a tantalizing object (i.e. marshmallow), and told that they 

can either have one item right away or wait until the researcher comes back to receive 

two.  A conflict task measures children’s ability to perform on a goal-directed task in 

the face of conflicting information.  For example, in the game of Simon says children 

are instructed to imitate a person’s actions when they hear the phrase “Simon says,” 

and suppress a dominant motoric response to imitate the person’s actions when 

“Simon says” is not spoken.   

 In addition to being designated a delay or conflict tasks, IC measures can be 

“hot” or “cool” (Beck et al., 2011; Hongwanishkul, Happaney, Lee, & Zelazo, 2005; 

Zelazo & Carlson, 2012).  A task can become “hot” when it contains a highly affective 

and motivational component, such as receiving an extrinsic reward (e.g., candy, a 

smiling face).  In contrast, “cool” tasks are considered to be more “cognitive” and less 

emotionally driven than “hot” tasks, focusing on more abstract and decontextualized 

goals (Hongwanishkul et al., 2005).  However in practice, skills related to 

performance on “hot” and “cool’ tasks work together to perform on IC tasks (Zelazo 

& Carlson, 2012).  

 Also during the preschool years, children are developing a more complex 

understanding of symbolic representation related to dual representation (Obradović et 

al., 2012).  Dual representation is the ability to understand the relationship between a 

symbol and its referent: that something can be both a concrete object and a 

representation for something else (DeLoache, 2004).  Although by the age of three 

children can understand the symbolic nature of media (DeLoache, 2004; Troseth, 

2003), such as with TV, “it may take several more years before children are able to 
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make more specific discriminations with respect to program content” (Kirkorian, 

Wartella, & Anderson, 2008, p. 43).  For example, research suggests that children 

typically develop a more mature sense of the distinction between fantasy and reality in 

media by the age of five (Richert, Shawber, Hoffman, & Taylor, 2009; Sharon & 

Woolley, 2004).  

 Research has shown that the more salient the features are of an object, the 

harder it is for young children to identify it as a symbol (DeLoache, 2004), which 

could affect how they are able to use their IC skills to suppress or resist a dominant 

response.  For example, a study with three- and four-year old children showed that the 

more salient the features of a desired object (i.e., candy), the more challenging it was 

for children to resist choosing the object (Carlson, Davis, & Leach, 2005).  In addition, 

research by Uttal, Gentner, Liu, and Lewis (2008), showed that young children rely on 

the appearance of objects for information.   

 By creating experiences that are perceptually real, VR could make objects very 

salient, drawing children’s attention to the virtual content and away from the sensory 

information of the physical world.  VR has been shown to significantly reduce 

children’s reported physical and emotional distress during painful medical procedures, 

even with limited interactivity with the content (Shahrbanian et al., 2012), and act as a 

validated tool to measure children’s attention towards distracting and salient objects in 

virtual classrooms (Bioulac et al., 2012; Díaz-Orueta et al., 2014; Diaz-Orueta, Iriarte, 

Climent, & Banterla, 2012; Gilboa et al., 2015).    

 The actions of perceptually real characters in VR could be more salient to 

children than characters on TV, making it challenging for them to suppress a dominant 
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motor response to imitate a character’s actions.  A Simon says task is one conflict task 

used to assess children’s ability to inhibit a dominant motor response, and is 

considered to be a developmentally sensitive measure (Carlson, 2005; Strommen, 

1973).  In Simon says, the game leader completes an action and gives the child 

instructions to complete the action (Carlson, 2005; Jones, Rothbart, & Posner, 2003; 

Strommen, 1973).  Children are instructed to only imitate the actions of the leader 

during trials when the directions are preceded by the phase “Simon says” (e.g., 

“Simon says touch your head”); these are called activation trials.  In contrast, trials 

without the “Simon says” command are called inhibition trials and children are 

instructed to resist imitating the person’s action (i.e., suppress a dominant motor 

response).  Simon says is a particularly challenging task for preschool-aged children 

(Carlson, 2005; Marshall & Drew, 2014).  A large-scale study with preschoolers found 

that 4-year-olds only had a 30% chance of successfully passing this task and 5-year-

olds had a 40% chance of passing this task (Carlson, 2005).  During the game, 

children need to both inhibit following the verbal instructions that are not preceded 

with “Simon says,” and to resist imitating the visual movements of the character, who 

completes all actions regardless of trial type (Marshall & Drew, 2014). 

 Go/no-go  (GNG) tasks are another type of conflict task used to measures 

motor response inhibition among children (e.g., Wiebe, Sheffield, & Espy, 2012).  

GNG tasks are validated measures among preschool-aged children, and map on to 

neural activity related to brain development and response inhibition (e.g., Durston et 

al., 2002).  Through the GNG game, children perform a repetitive task, such as hitting 

a button (go trials), and then must stop that dominant response by resisting hitting the 
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button (no-go trials).  For example, children must hit a button every time they see one 

type of image (e.g., bunny) but not push the button when they see a different image 

(e.g., dog).  The task is designed to habituate children to an action (i.e., pushing a 

button), and then to engage a less common action (not push the button; Simpson & 

Riggs, 2006; Wiebe et al., 2012; Willoughby, Wirth, & Blair, 2012). This is achieved 

by having a majority of go trials with a minority of no-go trials.  GNG tasks tend to be 

simpler and easier tasks for younger children compared to Simon says (Carlson, 2005; 

Marshall & Drew, 2014; Wiebe et al., 2012).  However, increasing the number of 

items that represent go trials could be one way to increase the challenge of the task.  

 Simon says and traditional GNG tasks have been successfully implemented 

with children via a 2D computer screen (e.g., Ibarra Zannatha et al., 2013; Schwebel, 

Li, McClure, & Severson, 2016; Wiebe et al., 2012).   However, less is known about 

how differences in technological immersion (e.g., monoscopic TV versus stereoscopic 

VR) could influence children’s performance on these tasks.  Studies have shown an 

association between TV use and children’s executive functioning skills (Lillard, Drell, 

Richey, Boguszewski, & Smith, 2015; Lillard & Peterson, 2011; Nathanson, Aladé, 

Sharp, Rasmussen, & Christy, 2014).  Correlational data provides evidence that 

prolonged exposure to certain types of television content that uses structural features 

to emphasize fast-paced television is associated with diminished cognitive skills 

among young children.  More recent experimental work suggests that fast-paced 

television can lower IC skills immediately after exposure (Lillard & Peterson, 2011), 

and fast-paced shows with a fantasy context may be particularly influential (Lillard et 

al., 2015).  This body of work has demonstrated that the structural features of media 
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(e.g., cuts, zooms in TV content) can interact with content to split children’s attention 

and weaken their use of attentional IC skills.  However, more research is needed on 

how technological immersion could make distracting aspects of content more salient 

and draw children’s attention away from the pertinent information in the content.  

Technology like VR, with its many technological features, could influence children’s 

performance on IC tasks and their perception of the objects and characters within the 

content.  

The Social Influence of Embodied Agents in VR 

 In VR, children can interact with virtual characters controlled by computer 

algorithms called embodied agents (Bailenson & Yee, 2005).  Embodied agents that 

behave socially real through verbal and non-verbal responses (e.g., asking questions, 

directed eye contact, proximity) could influence children’s behaviors, perceptions, and 

attitudes.  Blascovich and colleagues’ (2002) model of social influence in immersive 

virtual environments posits that the more an embodied agent behaves as if it were real, 

and the more users believe that it is a real person (i.e., social presence), the lower the 

threshold is for that embodied agent to influence them.  For instance, in a study by 

Claxton and Ponto (2013), 5-, 7-, and 9-year olds completed a decision making task in 

which they received information from a live person and an embodied agent on a 2D 

TV screen.  Seven- and 9-year olds were much more likely to use the information 

given to them by the live person over the embodied agent, whereas 5-year olds used 

information from the live person and the embodied agent equally.  Furthermore, 5-

year-olds were much more likely to say that they felt that the embodied agent could 

see them.  
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 Many children’s television shows contain characters that act socially 

contingent, such as directing a question toward the camera (Crawley et al., 2002).  

Understanding this difference between TV and VR could provide insight on how 

technological immersion could influence children’s experience of social presence.  

Assessing how children categorize an embodied agent as a living social actor (i.e., 

ontological understanding) could be used to assess social presence.  How children 

categorize embodied agents are living social beings could relate to whether or not they 

use virtual characters as a source of information (as evidenced by the study by Claxton 

& Ponto, 2013).  In addition, social behavioral responses could act as an avenue to 

assess for social presence among young populations.  Tasks related to interpersonal 

distance have been used to measure adult’s social presence of embodied agents in VR, 

and approach behaviors could be one measurement tool for children (Bailenson, 

Blascovich, Beall, & Loomis, 2003).  

Chapter 4: Testing VR’s Effect on Children’s Psychological Responses 

Previous Study (Study 1): Testing for the Effect of VR on Behavior  

 In a previous research study (i.e., study 1), I compared the effects of VR and 

TV on four- to six-year olds’ inhibitory control skills, social compliance, and sharing 

behavior with a familiar children’s media character (Grover from Sesame Street©).  

Children (N = 52) completed an inhibitory control task, “Simon says,” with Grover 

either via a TV screen or a head-mounted display (i.e., VR).  Initial pilot testing of the 

virtual Simon says task revealed a ceiling effect on performance for all children. 

Balloons were added to the background to make the game more challenging (adding 

minor visual distractions), and to potentially increase the variability in children’s 
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performance.  Social compliance was indexed by children’s approach to Grover after 

he requested they come closer to him, and the number of physical stickers children 

gave Grover post-treatment assessed sharing.  Children in the VR condition (n = 21) 

had more difficulty suppressing dominant motoric responses during Simon says (i.e., 

not imitating Grover’s actions at the appropriate time) compared to children in the TV 

condition (n = 24).  More children in the VR condition approached Grover than in the 

TV condition, they shared a greater number of stickers with Grover than children in 

the TV condition post-treatment (among children that shared).  I also assessed 

children’s pre- and post-treatment emotional (e.g., sadness, worry) and physical 

distress (e.g., headache, stomach pain), and enjoyment of the virtual experience post-

treatment. There were no differences between conditions for emotional or physical 

distress or children’s enjoyment of the experience.   

 This first study findings suggest that VR may elicit differential cognitive and 

social responses compared to less immersive technology like TV.  It is possible that 

the perceptual and social realism of the VR experience affected children’s cognitive 

and social behaviors by making the content more salient, giving social characters 

greater social influence.  If Grover was seen as more real in VR compared to TV, it 

may have made it easier or more automatic for children to mimic his actions, follow 

his instruction, and share more items with him. Virtual characters are more likely to 

influence people’s attitudes, behaviors, and emotions when users experience the 

characters as socially real (Blascovich et al., 2002).  In addition, if the balloons 

appeared as real objects in VR, it may have draw children’s attention way from the 

primary task and hindered their performance during Simon says.  VR’s ability to block 
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out the physical world, provide depth cues, and generate a large visual angle of Grover 

(creating the perception that he is standing right in front of children) could have also 

made Grover’s more socially influential compared to TV, thus why more children in 

VR approached Grover compared to children in VR.  Other factors that could have 

contributed to the previous study results could have been related to the novelty of 

using VR technology, or the specific task of Simon says task.     

Current Dissertation Study (Study 2): Testing the Mechanism of Salience 

 My dissertation (Study 2) further examined the potential effect of 

technological immersion via VR on children’s automatic responses to content by 

focusing on one possible mechanism that contributed to Study 1’s results.  

Specifically, the experiment tested if the salience of VR, with its perceptually and 

socially real content, contributed to children’s psychological responses.  I replicated 

the social interaction and Simon says task with Grover, and manipulated the amount of 

visual distraction in the background to test if immersion made content more salient 

(i.e., drawing attention).  In addition, another IC task was added, a go/no-go task that 

also measured children’s ability to suppress a dominant motor response (with the same 

distraction manipulation). Children completed the go/no-go task first (i.e., “The 

Animal game”) and then completed the social interaction and Simon says task with 

Grover.  Children’s emotional distress, physical distress, visual perception of the 

virtual content (e.g., Grover as being close), and their view of Grover as a living social 

actor were measured.  

 The changes made in Study 2 were implemented to improve on the previous 

study’s design (i.e., Study 1).  First, the additional IC task was included to determine if 
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the effects from Study 1 were task specific, and to reduce the potential effect of 

novelty of using VR technology by including multiple virtual environments.  Second, 

for children assigned to the TV condition, the height of the screen was adjusted so that 

Grover’s eyes were always within 1-inch of the children’s eyes (when looking directly 

at the middle of the screen).  Adjusting the height of the screen based on Grover’s 

location was used to minimize the effect of the viewing angle difference between 

seeing Grover in VR compared to the TV screen.  Although Grover’s viewing angle in 

VR was larger, having Grover’s eyes at the same level as the children’s simulated eye 

contact, creating similar social cues between the two technologies.  In VR, direct eye 

contact can affect participants’ social behaviors such as interpersonal distance 

(Bailenson, Blascovich, Beall, & Loomis, 2001; Doherty & Anderson, 1999; Gamer, 

Hecht, Seipp, & Hiller, 2011; Hakala, Kätsyri, Takala, & Häkkinen, 2016; Hakala et 

al., 2016).  In addition, research has shown that humans use eye gaze as an important 

social cue, and people use the direction of the eyes and head to understand the intent 

of others (Farroni, Csibra, Simion, & Johnson, 2002; Langton, 2000).  At an early age 

children are sensitive to eye gaze and the position of the head, and use them a source 

of information to direct their actions (Frischen, Bayliss, & Tipper, 2007; Langton, 

Watt, & Bruce, 2000).  By preschool, children can effectively use a combination of 

eye and head direction as information to complete tasks (Doherty & Anderson, 1999).  

 Third, the pre- and post-test measures were adjusted to create a more sensitive 

measure of emotional and physical distress; children were given more response 

options to select from than in the previous study.  Fourth, questions were added to 

measure children’s perceptual experience of the virtual characters.  Questions 
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assessing children’s perceptual experience of the virtual characters asked children how 

large the virtual characters appeared and how close they felt, and were used as an 

indicator of the salience of the content.  To also examine salience, the level of 

background distraction was manipulated. For instance, if the virtual environment was 

experienced as very salient, then background distractions would hinder performance 

by pulling attention away from the primary content.  To test the effect of salience in 

VR, the two virtual tasks that children completed had visual distraction in the 

background half of the time (i.e., first or second block of the trials).  Finally, the 

sharing measure of Study 1 was removed to have a more focused study on the 

potential effect of salience children’s psychological responses related to inhibitory 

control, approach, and social perception of the virtual agents.  

 Study overview. A mixed-design experiment examined the effect of 

technological immersion (i.e., VR versus TV) on children’s motoric inhibitory control 

skills, social behavior, and psychological responses (Appendix A, Table 1).   Four- to 

6-year-old children completed two inhibitory control tasks; one with non-socially 

embodied agents (dog, cat, bunny, rooster, pig, duck; Task 1), and the other with a 

socially acting embodied agent (Grover from Sesame Street; Task 2).  The socially 

acting character was an animated three-dimensional (3D) model of Grover from 

Sesame Street that moved, talked, and made direct eye contact with participants.  The 

non-socially acting characters were 3D models of farm animals without any 

animations, including idle movements such as blinking eyes or subtle head 

movements.  Children completed the two IC tasks either via TV or VR (between-

participants). Within each virtual IC task, children completed half of the trials with the 



	 21	

distraction and the other half without (within-participants). Children were randomly 

assigned to condition and order of distraction, and kept that same randomization 

across the two tasks.  The VR condition used an HMD with stereoscopic vision, and 

head tracking, and an overall field of view of 110-degrees.  A standard 32-inch HD 

TV screen was used to replicate many children’s everyday experiences of media 

(Rideout, 2013).  The TV had approximately a 30-degree horizontal field of view 

(calculated by the visual angle of the screen based on children’s starting position).  

Distraction type was indexed by block trials (first or second half) that had visual 

distraction in the background, created by balloons floating in the air.  

 Outcome measures related to the salience of the content included children’s 

performance on IC tasks assessing motoric response inhibition, and their visual 

perception of the virtual characters.  The social realism of a virtual character, Grover, 

was measured via children’s social compliance to a request made by Grover as well as 

how they would categorize Grover as a real social entity (i.e., alive, happy, ability to 

see).  Additional measures included children’s reported emotional distress, physical 

distress, and enjoyment of the experience, and parents’ report of their child’s 

temperament and demographic information.  Pilot testing was completed with 3- to 6-

year-olds to determine the age range for the virtual treatments and use of equipment 

(see Appendix B for details).   

Research Questions and Hypotheses 

 Salience: Immersion, Distraction, and Inhibitory Control.  VR can create 

salient experiences that draw attention and affect behavior (e.g., Iriarte et al., 2016; 

Shahrbanian et al., 2012). With research showing that increased age is associated with 
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better performance on IC tasks (Carlson, 2005), it would be expected that with 

increased age there will be better performance on the two IC virtual tasks. 

   RQ1: How does technological immersion and distraction 

influence children’s use of their IC skills (i.e., motoric response)? 

   H1a: There will be a main effect of technology on children’s 

inhibitory control skills, such that children will perform at lower levels in the VR 

condition compared to the TV condition.  

   H1b: There will be a main effect of distraction on children’s IC 

skills, such that children will perform worse during distraction trials compared to non-

distraction trials. 

   H1c: There will be an interaction effect between immersion and 

distraction, such that children in the VR condition and during the distraction trials will 

perform the worst comparatively. 

   H1d:  There will be an effect of age on IC skills, such that as 

increased age will be associated with increased performance on suppressing a 

dominant motor response.  

 Immersion, Social Behavior, and Reported Psychological Response. The 

appearance that socially acting characters are standing right in front of the user may 

elicit greater social behaviors and reports of more social attributes (i.e., alive, happy, 

see things).  Young children have been shown to apply social attributes to artificial 

agents, such as robots (e.g., Jipson & Gelman, 2007).  In addition, studies with child 

populations have shown that with short exposure, there are no major differences in 

physical distress (i.e., simulator sickness symptoms) between VR and TV (e.g., 
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Kozulin et al., 2009; Neveu et al., 1998).  With the tasks using familiar media 

characters and images (Grover, dog, cat, bunny, etc.) it is expected to be no 

differences between conditions in physical and emotional distress and that all children 

would enjoy of the virtual experiences.   

   RQ2:  How does technological immersion influence children’s 

social behavior and reported psychological responses (i.e., approach, perception of 

size, perception of closeness, ontological understanding, emotional distress, physical 

distress, and enjoyment).   

   H2a:  There will be an effect of technological immersion on 

children’s approach behavior, there will be more children in the VR condition that 

walk towards Grover (upon his request) compared to children in the TV condition. 

   H2b:  There will be an effect of technological immersion on 

children’s perception of the characters’ perceived distance, children in the VR 

condition will report the characters as standing closer compared to children in the TV 

condition. 

   H2c:  There will be an effect of technological immersion on 

children’s perceived size of the characters, such that children in the VR condition will 

report the characters as larger compared to children in the TV condition. 

   H2d:  There will be an effect of technological immersion on 

children’s ontological understanding of Grover, such that children in the VR condition 

will apply more social attributes to Grover than children in the TV condition.   

   H2e: There will be no differences by technological immersion 

on children’s emotional distress, physical distress, and enjoyment.   
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Participants 

 Children were recruited from the San Francisco Bay Area with 66 children 

participating in the study.  Data was collected in a lab setting a Stanford (6% of the 

sample) and at a local museum (94%).  The final sample consisted of 61 children.  

Children were ineligible to participate if they had a seizure disorder, epilepsy, or any 

condition that would make them susceptible to dizziness, disorientation or nausea (no 

parents reported any of these issues).  Data from three children were dropped from the 

study for ending the experiment early, one child for being older than the study age-

range, and one child for being unable to complete any of the tasks or answer questions 

independently.  

 Children identified their children’s race as 28% Asian/Asian American (n = 

17), 26% Multiple races (n = 16), 23% White/Caucasian (n = 14), 10% 

Latino/Hispanic (n = 6), 8% Asian Indian (n = 5), and 5% other race not indicated (n = 

3).  The sample had a mean age of approximately 5.5-years (M = 65.92 months, SD = 

9.53 months), with 44% of the children being female and 56% being male (see 

Appendix C, Table 2 “Study 2” for additional details by technology)  

 Parents reported their yearly total household income as 36% making over 

$200,000, 18% making $100,000-149,999, 15% making $150,000- 199,999, 7% 

making $75,000-99,999, 7% making $50,000-74,999, 7% not identifying, 3% making 

$35,000-49,999, 3% making $25,000-34,999, 3% making $15,000-$24,000, and 2% 

making under $15,000.  In addition, parents identified their highest level of education 

as 49% having an advanced degree (e.g., masters or doctorate), 23% with a bachelor’s 

degree, 10% with some college, 8% with an associate degree, 5% did not identify, 3% 
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as a high school graduate, 2% with less than a high school degree.  Finally, parents 

reported their children’s media usage (see Appendix D, Table 3 for details and raw 

counts of the data). The Stanford University Institutional Review Board approved all 

aspects of this study. 

Equipment and Virtual Environments 

 The virtual environments (Appendix E, Figure 1) were rendered using a 

desktop computer, and the simulation was rendered either on a 32-inch high definition 

LED TV screen or through a HMD.  Worldviz’s Vizard VR toolkit was used to 

program and render the virtual simulations.  Children in the VR condition wore the 

Oculus Rift consumer-version 1 (CV1) HMD with stereoscopic vision.  The CV1 

screens had a resolution of 2160 x 1200 per eye, a refresh rate of 90 Hz refresh rate, 

and 110 degrees field of view.  A gyroscope, accelerometer, and magnetometer inside 

the headset tracked children’s gross head movements and orientation.  Children’s 

translation was tracked (along x-, y-, z-axis) using an infrared LED light camera 

(Oculus Camera) that detected LED light sensors on the CV1.  The TV screen was a 

Seiki SE32HY10 TV with a resolution of 1366 x 768 with a refresh rate of 60 Hertz.  

There was no body tracking in the TV condition, and the viewpoint of the virtual 

environment stayed locked in one position.    

 Positional tracking in the VR condition was used to scale Grover and the 

height of the box that the animals were placed on to be the same height as each child.  

For the TV condition, the height of the TV screen was adjusted so that the top of 

Grover’s head and top of the animals were within 1-inch of children’s height.  

Children in the VR condition had a first-person view of the content, but were not 
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represented with a virtual body (i.e., if they looked directly down they only saw the 

virtual environment).  Children’s view of the box/animals and Grover was directly in 

front of their view (for both the VR and TV conditions).  In the VR condition, the 

animals were placed at 1.98 virtual meters away and Grover was placed at 1.2 virtual 

meters away along the z-axis.  

 During the Simon says tasks all children wore noise canceling headphones, and 

the virtual task contained spatialized sound (i.e., the sound files for Grover’s voice and 

the Simon says instructions were attached to the 3D model of Grover).  In addition, the 

collision feature of the objects in both virtual environments (i.e., Grover, box, animal, 

balloons) were turned off so children in the VR condition could walk through Grover, 

the box, or the animals if they chose to do so.  No children passed any parts of their 

body through the virtual objects during the experiment.  

 The set up of the equipment in the experimental room was the same for all 

children regardless of the technology they were assigned to use, with the TV screen 

remaining off when not in use (Appendix F, Figure 2).  During the virtual treatments, 

the TV screen displayed the simulation, including the viewpoint of children in the VR 

condition.  The screen remained on during both conditions to 1) make parents more 

comfortable by seeing the content 2) allow the researcher to observe the child’s view 

while ensuring the child’s safety, and 3) create similarity in the environment for 

children and parents during the experiment. Children were placed 51-inches away 

from the TV at the start of both virtual tasks. This distance represented the same 

amount of space that children would need to cross in the physical world to walk into 

the physical TV screen and/or into Grover’s body in the virtual environment.  



	 27	

Maintaining the same physical distance was a trade off to having the visual angle be 

consistent between the two technology conditions.  However, these technology 

conditions represent what would be children’s typical use of VR and TV.    

Child Pre- Post-test Questionnaire Measures 

 A questionnaire assessed children’s emotional distress, physical distress, 

perceived distance, perceived size, and enjoyment responses pre- and post-treatment.  

A researcher read aloud all questions and response options.  Branching was used to 

first measure if children experienced that particular construct with a yes or no question 

(e.g., does your head hurt, right now?).  For children that answered “yes,” they were 

given three response options to choose from: a little bit, some, or a lot.1  A picture of 

three glasses of water  (small, medium, large) with different levels of water 

represented the three response options (Appendix G).  Children could answer with 

pointing at the picture or with their words. After children were introduced to the scale, 

they were given one practice question to insure they understood the procedure (i.e., 

“Do you like ice cream? Do you like it a little bit, some, or a lot?”).  Responses were 

scored as no = 0, a little bit = 1, some = 2, and a lot = 3.  Responses for the perceived 

distance and perceived size measures used “sort of [close/big]” and “very [close/big]” 

as opposed to “some” and “a lot.” The response options and their scoring were 

adopted from measures designed to assess young children’s subjective self-report 

(Calvert, Strong, Jacobs, & Conger, 2007; Hoeft, Vogel, & Bowers, 2003; Varni, Seid, 

																																																								
1	Branching was used to create a more sensitive measure than used in the previous 
version of this experiment. The previous study included the response options not at all, 
some, and a lot; however some children responded with “a little bit” and those 
responses were coded in the previous study as “some.”	
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& Kurtin, 2001).  A different measurement procedure was used to assess for children’s 

recognition and ontological understanding of Grover (see below for details). 

Measures Related to Salience  

 Children completed two virtual tasks assessing children’s ability to suppress a 

dominant motor response (i.e., IC). Visual distraction was added to the tasks, where 

children were randomly assigned to have balloons floating in the background during 

the first half or the last half of the trials.  In addition, children’s visual perception of 

the characters was assessed post-treatment using the child questionnaire.  

 Inhibitory control (Virtual Task 1: Go/no-go Animal game).  Children 

completed a go/no-go task (GNG) called the “Animal game” in which they were 

instructed to hit a button any time they saw any animal (i.e., go trial) except when they 

saw a dog (i.e., no-go trial). The virtual task was adapted from previous GNG tasks 

designed for preschool-aged children, including computerized versions (Simpson & 

Riggs, 2006; Wiebe et al., 2012; Willoughby et al., 2012).  GNG tasks are designed to 

test children’s ability to suppress a dominant motor response (i.e., only hit the button 

on go-trials).  Children saw a virtual room with a box in the middle of it. The animals 

appeared on top of the box every 1500-milliseconds (Appendix E, Figure 1), and then 

disappeared for 1000-milliseconds or as soon as children hit the button on the remote 

(i.e., speed in which animals disappeared was in response to children’s reaction time). 

The game consisted of 60 trials with 75% of the trials as go trials (i.e., 45 trials; to 

develop a strong dominant response) and 25% no-go trials.  Each go trial animal 

appeared equal number of times in the 40 trials, but the sequence was a random order 

for each child.  The number of sequences of go trials proceeding a no-go trial was the 
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same across all conditions; there were 5 sequences of 1 go trial, 3 go trials, 5 go trials.  

The sequence of the number of proceeding go trials was in a random order for each 

child. Children were excluded from analysis for indiscriminate responding (i.e., >80% 

accuracy on go trials and <20 accuracy on no-go trials) or non-responsiveness (<20% 

accuracy on go trials, and >80% on no-go trials; Howard, Okely, & Ellis, 2015).  

 Children’s responses were measured as either a) a “hit,” pressing the button 

during go trials, b) a “false alarm,” pressing the button during no-go trials, c) a 

“correct rejection,” not pressing the button during no-go trials, or d) a “miss”, not 

pressing the button during go-trials.  An accuracy score was computed of correct and 

incorrect response to each individual trial.  Hits and correct rejections were 

categorized as correct responses while false alarms and misses were categorized as 

incorrect.  

 In addition, children’s reaction time was measured as the time in milliseconds 

that it took them to hit the button within any one trial.  Reaction time was also used as 

an indicator of how salient the content was to children.  Slower response times were 

used as an indicator of salience, suggesting that the content was salient enough to pull 

children’s attention away from the animals and/or pushing the button.   

 All of children’s button responses were measured within the allotted 1500-

millisecond time of any given trial in which any one animal appeared.  Children 

received visual distraction (i.e., balloons rising in background; Appendix E, Figure 1) 

either during the first or last 30 trials of the task, depending on their randomization 

assignment.  Each trial was labeled as with or without distraction. To increase the 
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challenge of the task, children did not receive any feedback on their performance 

during the virtual treatment.  

 Inhibitory control (Virtual Task 2: Simon says). The Simon says game is a 

task used to measure young children’s inhibitory control skills and consists of 

activation and inhibition trials (Carlson & Wang, 2007).  Performance on activation 

trials measure children’s comprehension of the task (i.e., appropriately imitating 

Grover’s actions when “Simon says” is spoken).  Achieving a minimum score of 90% 

or above accuracy across all activation trials was considered meeting the pass criteria 

(Carlson & Wang, 2007; Jones et al., 2003; Strommen, 1973).  Children’s 

performance during inhibition trials (i.e., correctly suppressing a dominant motor 

response to imitate Grover’s actions) is considered an indicator of children’s inhibitory 

control skills.  

 The virtual Simon says game consisted of 24 activation trials and 16 inhibition 

trials (see Appendix H).  Performance on activation and inhibition trials were 

calculated as the total number of points out of the possible number of points, with 

higher scores representing better performance.  Children’s response during each 

individual trial was rated as no movement, a partial movement, a full movement, or a 

wrong movement, and was given a score ranging from 0 to 3 (adapted from Carlson & 

Wang, 2007; see Appendix H for exact scoring).  Children received visual distraction 

(i.e., balloons rising in background, Appendix E, Figure 1) either during the first or 

last 20 trials of the task, depending on their randomization assignment.  An overall 

score was calculated for activation and inhibition trials across all trials, and scores 

were calculated for performance during the block of trials with visual distraction and 
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the block of trials with no visual distraction.  For children that met the 0.90 passing 

criteria, scores on activation trials ranged from 0.90 to 0.98 and scores on inhibition 

trials ranged from 0.00 to 1.00 (see Appendix I, Table 3 for means and standard 

deviations according to technology used and visual distraction). Children did not 

receive any feedback on their performance during the virtual treatment.  

 Visual perception of characters (post-treatment).  The visual perception of 

the characters was used to assess how perceptually salient the characters appeared to 

children, with higher scores indicating that the content was experienced as more 

salient.   

First children were asked whether or not the animals/Grover appeared close to them 

and if yes, to what degree (i.e., a little bit close, sort of close, or very close).  Second, 

children were asked whether or not the animals/Grover looked big, and if yes, to what 

degree (a little bit big, sort of big, very big).  Scores for both questions ranged from 0 

to 3.  

Measures related to Social Realism 

 During the Simon says task (Virtual Task 2), children interacted with a socially 

acting embodied agent, a 3-dimensional (3D) model of Grover, who greeted and spoke 

to each child before the beginning of the game regardless of technology used.  During 

the interaction, Grover requested that the children come closer to him.  After the 

virtual treatment, children reported their social perceptions of the character as a living 

being.   

 Approach.  Children’s approach behaviors were indexed by whether or not 

children walked toward Grover after he instructed them to, “Come over here towards 
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me, come closer,” and as the minimum distance that they stood to Grover.  All 

children started off 51-inches in the physical world away from Grover.  Minimum 

distances ranged from 15.25- to 51-inches (M = 45.61-inches, SD = 10.08-inches). 

 Ontological understanding (post-treatment). Three questions were used to 

assess children’s categorization Grover as a living social being.  Children were asked 

if Grover 1) was alive or not alive, 2) can feel happy, and 3) can see things.  

Responses to each question were rated as binary with 1 point being give to alive /yes, 

and 0 points to not alive/no.  Children that responded with “I don’t know” were 

prompted by the researcher to provide a specific response.  Children that were unable 

to provide an answer after prompting were categorized as “could not answer.”   

Questions were selected from previous research examining children’s ontological 

understanding of robots and fictional characters (Jipson & Gelman, 2007; Kahn, 

Friedman, Pérez-Granados, & Freier, 2006).  A score was calculated summing up 

children’s responses across questions, with higher scores indicating that Grover was 

viewed as more of a live social being. 

Emotional and Physical Responses  

 Emotional distress (pre- and post-treatment). Children’s emotional distress 

level was assessed with three questions adapted from the PED-QL 4.0 Emotional 

Functioning subscale self-report questionnaire for 5-to7-year-old children (Varni et al., 

2001).  Questions asked how afraid, sad, and worried children felt at that moment. 

Measurements were made a three time points: baseline (time 1), after the Animal 

game (time 2), and after Simon says (time 3).  A mean score of the three questions 
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were calculated at each time point, and scores ranged from 0 to 3 (See Appendix J, 

Table 5 for means and standard deviations).   

 Physical distress (pre- and post-treatment).  Four questions that assessed 

simulator sickness were used to measure children’s physical distress.  Questions 

measured how much children’s head, stomach, and eyes hurt, as well as how dizzy 

they felt at the moment.  Questions were adapted from measures assessing simulator 

sickness among children and adult populations (Hoeft et al., 2003; Kennedy, Lane, 

Berbaum, & Lilienthal, 1993).  Measurements were made a three time points: baseline 

(time 1), after the Animal game (time 2), and after Simon says (time 3).  A mean score 

of the three questions were calculated at each time point, and scores ranged from 0 to 

3 (see Appendix J, Table 5 for means and standard deviations).    

Measures of Individual Differences 

 Mistakes (Simon says practice).  The total number of mistakes children made 

during the practice rounds of Simon says in the physical world was calculated before 

the virtual Simon says treatment (Appendix K, Table 6).  All children completed two 

practice rounds, and children that exceed three mistakes in the second round went 

through a third practice round of Simon says. The first practice round was an 

activation trial (i.e., “Simon says touch your head”) and the second and third practice 

rounds were inhibition trials (i.e., “Touch your shoulders” and “Touch your ear”).   

 Child temperament. Three subscales from the Children’s Behavior 

Questionnaire Short Form (CBQ) was used to assess temperament dimensions that 

could influence children’s behaviors during the virtual tasks (Putnam & Rothbart, 

2006): inhibitory control subscale (Cronbach’s alpha = 0.65), shyness subscale 
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(Cronbach’s alpha = 0.82), and attentional focus subscale (Cronbach’s alpha =0.73).  

Response options ranged from 1 (extremely untrue of my child) to 7 (extremely true of 

my child), and included “not applicable” as an option (see Appendix C, Table 2 for 

means and standard deviations for each subscale).  The inhibitory control subscale 

measures children’s ability to suppress inappropriate responses under instruction as 

well as in uncertain or novel circumstances.  The attentional focus subscale measures 

children’s ability to maintain attention and focus during tasks, and the shyness 

subscale assesses children’s tendency to be inhibited or slow during uncertain or novel 

experiences.  Higher scores represent greater tendency for that temperament 

dimension.  

 Demographics.  Parents completed questions measuring how they identified 

their child’s gender (i.e., girl, boy), race/ethnicity, and media usage including how 

familiar children are with Sesame Street (see Appendix D, Table 3 for details) as well 

as questions about their own education level, and yearly household income. 

 Recognition of character (pre-treatment).  Children were shown an image of 

the 3D model of Grover on a computer screen, and asked if they knew who was in the 

image.  If children responded with yes, they were asked who it was.  A researcher 

coded children’s responses as either a) failed to recognize, b) recognized but did not 

know his name, c) recognized but used incorrect name, or d) recognized and used 

correct name.  The measure was collapsed into either children recognized Grover or 

did not recognize him (Appendix C, Table 2 for responses by condition).   
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 Enjoyment (post-treatment).  Two questions assessed children’s enjoyment 

of the virtual games: 1) “How much fun was it play [the Animal game/with Grover]?” 

and 2) “How much would you want to play more games with [the animals/Grover]?” 

Procedure  

 Children and parents were given an overview of the experiment, and children 

went through a brief warm-up period with the researcher (i.e., talking with researcher, 

coloring).  Parents provided written consent and children gave verbal assent.  Parents 

completed a questionnaire on a computer while children completed the experiment in 

the same room.  For children in the TV condition, their height was measured, and the 

television height was adjusted so that the top of Grover’s head and the top of the 

animals was within 1-inch of their height.  Children competed a pre-test questionnaire 

measuring their emotional and physical distress levels.  After the pre-test 

questionnaire, children were introduced to the “Animal game” using a flipbook.  First, 

the researcher gave children a small remote and instructed them to push the “big” 

button on it.  Then the researcher presented children with images of six animals on the 

first page (with five go trial animals and one no-go trial animal; Appendix L for 

images).  Children were instructed to push the remote button every time they saw an 

animal (i.e. a go trial) except when they saw a dog (the no-go trial).  Children 

practiced the Animal game: they were shown each animal on a separate page (6-trials, 

with four go trials and two no-go trials).  The sequence of practice trials were go, go, 

no-go, go, go, no-go. Children received verbal feedback from the researcher on their 

performance on each trial.   
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 After the practice trials of the Animal game, the researcher introduced the 

equipment to the children (i.e., “special TV” or “special mask”).  The television was 

turned on revealing the virtual environment, a room with a box placed in the middle 

(Appendix E, Figure 1).  The researcher asked all children if they could see the box 

clearly and adjustments were made to the equipment for children that indicated no.  

Children were told that the animals would appear on top of the box, and were 

reminded to push the button any time they saw an animal, except when they saw a 

dog.  After children confirmed that they were ready, the researcher started the Animal 

game with a key press on a computer keyboard.  Children were randomly assigned to 

play the game either with distraction during the first 30 trials or the last 30 trials.  

Distraction blocks had balloons rising up from behind the box from out the floor and 

up through the ceiling every 2-seconds.  The Animal game was automated (initiated 

by another key press from the researcher), which lasted up to 2.5-minute (depending 

on the speed in which children pressed the button).  Children then completed a post-

test measuring their emotional distress, physical distress, visual perception of the 

animals, and their enjoyment of the Animal game.   

 Following the Animal game, the researcher showed children an image of 

Grover on a laptop computer screen and assessed children’s recognition of the 

character.  All children were told that Grover was friendly, silly, and liked to dance 

and play games with his friends.  Then children were introduced to the game of Simon 

says, asked if they had played it before, and then completed up to three practice rounds 

of Simon says with the researcher in the physical world (see Measures for additional 

details).  Children received verbal feedback on their performance on each trial in the 
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practice session.  After practicing Simon says, children were told that they would be 

using the same equipment to play the game with Grover.  The virtual environment was 

the same room used in the Animal game with the exception that in the middle of the 

virtual room was a blue ball instead of a box.  Children in both technology conditions 

were asked if they could see the blue ball clearly, and adjustments were made to 

ensure children could see the virtual treatment clearly.  

 Once confirmed that children could see properly, the researcher told children 

that Grover would come out to play and engaged a key press.  Grover then grew up 

from the ground in the same place as the blue ball, which faded out as he appeared.  

Once to his full size, Grover greeted children (“Hello! It is me; your loveable friend 

Grover!”).  With a key press from the researcher, Grover asked children to “Come 

over here towards me, come closer.”  After a pre-programed 3-second delay, Grover 

told children, “Now we are going to play Simon says.”  The Simon says game was 

automated (initiated by another key press from the researcher) and lasted 2.5-minutes 

long.  Grover completed the actions and audio files of the researcher’s voice spoke all 

commands (e.g., “Simon says touch your shoulders”).  Children were randomly 

assigned to have distraction either during the first 20 trials of the game or the last 20 

trials of the game.  During distraction trials, balloons floated up behind Grover from 

the floor through the ceiling. Grover was placed in approximately the same location as 

the box in the Animal game (see Equipment and Virtual Environments for details).   

 After the virtual Simon says game, children completed a post-test 

questionnaire assessing their emotional distress, physical distress, visual perception of 

Grover, enjoyment of the game, and their ontological understanding of Grover as a 



	 38	

living social actor.  At the completion of the questionnaire, parents were given a $20 

gift card and children were given a sticker.  Parents and children were debriefed about 

the experiment, and sessions were video recorded with parental consent.   

Results 

 Statistical Analyses. Data analyses examined the effect of technological 

immersion (VR versus TV) on children’s behavioral (i.e., inhibitory control tasks, 

approach behavior) and psychological responses (i.e., emotional and physical distress, 

visual perception, and social ontological understanding) towards virtual characters 

(i.e., Grover, animals).  All data analyses were performed using R (Team, 2011), and 

mixed models were performed using lmerTest to obtain p-values (Kuznetsova, 

Brockhoff, & Christensen, 2014).  

 Randomization to the TV and VR conditions worked according to children’s 

background (see Appendices C, Table 2; Appendix K, Table 6).  There was no 

significant difference between technology used in children’s mean age in months 

(t[59]= 0.79, p= 0.43, Cohen’s d = 0.20), the number of female and male children in 

each group (χ2 [1, N= 61] = 0, p = 1.00, Cramer’s V<0.00), and on the CBQ subscales 

(inhibitory control subscale, t [56]=0.67, p=0.50, Cohen’s d = 0.17; attentional focus 

subscale, t[57]=0.33, p= 0.74, Cohen’s d = 0.09; shyness subscale, t[51] = 1.29, p 

=0.20, Cohen’s d = 0.33).  In addition, there was no significant difference between the 

technology used on whether or not children recognized Grover (χ2 [1, N=61] = 1.38, 

p= 0.24, Cramer’s V = 0.15), how familiar children were with Sesame Street as 

reported by parents (t[58]= -1.56, p = 0.13, Cohen’s d = 0.40) or the mean number of 

mistakes children made during the practice rounds of Simon says (t[45] = -0.41, p 
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=0.68, Cohen’s d = 0.15).  Finally, there was no significant difference by technology 

on whether or not children had previously used VR (odds ratio = 1.14, p = 1.00).  

Children in both conditions had similar media usage habits  (inferential statistics were 

not run due to the similarity in rates see Appendix D, Table 3 for details on children’s 

responses on each individual item).  

 Mean scores that were three standard deviations above or below the mean were 

removed from data analyses according to each analysis.  Data analyses on the 

inhibitory control tasks were completed with participants that completed the entire 

virtual treatment.  Research has demonstrated that increased age is associated with 

better performance on IC tasks (Carlson, 2005), and some research studies have shown 

differences between boys’ and girls’ performance on go/no-go tasks (e.g., Wiebe et al., 

2012).  Age and child’s gender (i.e., girl, boy) were examined, and included in data 

analysis models where significant differences arose. 

 Inhibitory control (Go/No-go): Animal Game.  Children completed a go/no-

go inhibitory control task, the Animal game, in which they were instructed to push a 

button on a remote during “go-trials” and suppress pushing the button during “no-go” 

trials. Go and no-go trials were analyzed separately.  Performance on no-go trials 

represented inhibitory control, the ability to suppress the dominant response of 

pushing the button.  

 Participants were removed from data analysis for either indiscriminate 

responding ( i.e., >80% accuracy on go trials and <20 accuracy on no-go trials) and/or 

non-responsiveness (<20% accuracy on go trials and >80% on no-go trials; Howard, 

Okely, & Ellis, 2015).  One child from the TV condition was removed for 
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indiscriminant responding and one child from the VR condition was removed for non-

responsiveness.  In addition, one child from the TV condition was removed from 

analysis due to technical issues (i.e., remote not working).  Finally, the first trial for 

each child was removed to minimize any possible noise in the data related to 

children’s initial adjustment to playing the game. Data points with reaction times that 

were less than 200-miliseconds were removed from analysis, as the response was 

considered too fast for children to see the stimuli (Wiebe et al., 2012).  No data points 

were removed for being under 200-miliseconds.  

 Accuracy on each trial was calculated as a binary variable, with 1-point 

assigned to correct responses and 0-points to incorrect responses.  Correct responses 

were considered “hits” (i.e., pushing button during go trials) and “correct rejections” 

(not pressing the button during no-go trials) and incorrect responses were considered 

“false alarms” (pressing the button during no-go trials) and “misses” (not pressing the 

button during go trials).  Children received three mean accuracy scores per trial type 

(i.e., go trials, no go trials): 1) a mean accuracy score across all trials2, 2) a mean 

accuracy score across trials with distraction, and 3) a mean accuracy score across all 

trials without distraction.  

 Go trials (Accuracy).  For children’s overall accuracy score, two children 

from the VR condition were removed for having a score three standard deviations 

below the mean.  For the trials with distraction, there was one child from the VR 

condition that was removed from analysis for being three standard deviations below 

																																																								
2	The overall accuracy score was used to determine passing criteria (Appendix N, 
Table 7 for means and standard deviations for go and no-go trials by technology and 
distraction for children meeting passing criteria).  	
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the mean.  For trials without distraction, three children that were removed for having a 

mean accuracy score three standard deviations below the mean: one from the TV 

condition and three from the VR condition.   

 There was no significant difference between girls’ (n = 26, M=0.94, SD=0.07) 

and boys’ (n  =29, M= 0.93, SD= 0.10) overall mean accuracy score (t[52]= -0.45, 

p=0.66, Cohen’s d= 0.12), and no significant difference on the order in which children 

received distraction trials (i.e., first or second half; t[53] = 0.63, p = 0.53, Cohen’s d = 

0.17).  There was a nearly significant association between children’s age in months 

and their overall accuracy score on go-trials (r[53] =0.27, p= 0.05), with better 

performance associated with increased age.  Due to being a nearly significant 

difference, age was included as a covariate on all the go-trial analyses.    

 A linear regression model was used to examine the effect of technology on 

children’s overall mean accuracy score on go trials.  There was no significant 

difference in overall accuracy between children in the VR condition (n= 28, M = 0.93, 

SD = 0.09) and children in the TV condition (n = 27, M = 0.94, SD = 0.09; b = 0.01, t 

= 0.40, p = 0.69, R2 = 0.04). A marginally significant effect of age remained (b = 

0.002, t =2.00, p = 0.06, R2 = 0.04).   

 A mixed effects linear regression model was used to examine the effect of 

technology and distraction on children’s performance go trials.  Technology used (VR 

versus TV), distraction (distraction versus no distraction), and age were fixed factors 

in the model, and participant was treated as a random factor (Appendix M, Table 7, 

Model 1; Appendix O, Figure 3).  Technology and distraction contained an interaction 

term, and age was treated as an additive covariate in the model.  Children’s mean 
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scores during trials with distraction and trials without distraction were used as the 

outcome variable.     There was no significant difference between children in the VR 

condition’s (n = 57, M = 0.92, SD = 0.11) and in the TV condition’s (n = 53, M = 0.95, 

SD = 0.09) accuracy on go trials (b = 0.02, t = 0.67, p = 0.50).  In addition, there was 

no significant difference between trials with distraction (n  = 56, M = 0.91, SD = 0.12) 

and trials without distraction (n = 54, M = 0.95, SD = 0.07) on children’s accuracy (b = 

0.03, t = 1.37, p = 0.18).  There was no significant interaction between technology and 

distraction on accuracy during go trials (b = 0.02, t = 0.58, p = 0.57).  Finally, there 

was a nearly significant effect of age on accuracy during go trials (b = 0.00, t = 1.80, p 

= 0.08).   

 No-go trials (Accuracy). There was one child from the VR condition that was 

removed for being at least three standard deviations below the overall accuracy mean 

score.  There was no significant association between age in months and performance 

on no-go trials (r[54]= 0.04, p= 0.76).  Analysis showed a significant difference 

between girls’ (n=26, M = 0.92, SD = 0.08) and boys’ (n = 30, M = 0.83, SD = 0.97) 

overall mean accuracy score during no-go trials (t[47] = -2.77, p = 0.01, Cohen’s d = 

0.71).  

Child’s gender (i.e., girl, boy) was added as an additive covariate to all no-go trial 

models. 

 A linear regression model was used to analyze the effect of technology and 

children’s gender on their performance during no-go trials.  Results showed no 

difference between children in the VR condition (n = 29, M = 0.87, SD = 0.14) and the 

TV condition (n = 27, M = 0.87, SD = 0.13) on overall mean accuracy on no-go trials 
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(b = 0.01, t = 0.15, p = 0.88, R2 = 0.08).  A significant difference remained between 

boys and girls on their overall mean accuracy score (b = -0.09, t = -2.64, p = 0.01, R2 = 

0.08).    

 A mixed effects linear regression model was used to examine the interaction 

between technology (VR versus TV) and distraction (trials with distraction versus no 

distraction) on accuracy during no-go trials with child’s gender (i.e., girl, boy) as an 

additive covariate.  Technology, distraction, and child’s gender were treated as fixed 

factors and participant was treated as a random factor (Appendix M, Table 7, Model 

2).  Children’s mean scores during trials with distraction, and during trials without 

distraction were used.  There was no significant difference between the VR condition 

(n = 58, M = 0.86, SD = 0.16) and the TV condition (n = 54, M = 0.89, SD = 0.13; b = 

0.03, t = 0.78, p = 0.44) or trials with distraction (n = 58, M = 0.84, SD = 0.36) or 

without distraction (n = 54, M = 0.86, SD = 0.34) on children’s accuracy during no-go 

trials (b = 0.00, t = 0.69, p = 0.50; Appendix P, Figure 4).  There was a nearly 

significant effect of child’s gender on accuracy (b= -0.07, t= -1.81, p = 0.08; Appendix 

Q, Figure 5).  Finally, there was no significant interaction between technology used 

and level of distraction (b = -0.01, t = -0.73, p = 0.47).   

 Reaction time.  Children received three different mean reaction time scores on 

“hit” trials only3: 1) the mean reaction across all trials, 2) a mean reaction time across 

trials with distraction, and 3) a mean reaction time across trials without distraction.  

There were three children that were removed for having an overall mean reaction time 

																																																								
3	Note, reaction time was only calculated on successful hits during go trials; therefore 
not all children had the same number of data points.	
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three standard deviations or higher above the mean, with two from the VR condition, 

and one from the TV condition.  

 There was no difference between female (n = 24, M = 783.47, SD = 110.85) 

and male (n = 30, M = 765.87, SD = 126.69) on their overall mean reaction time 

(t[52]=0.54, p=0.59, Cohen’s d = 0.15).   The order in which children received 

distraction during the trials was not associated with their reaction time (t[48]= -0.08, p 

= 0.93, Cohen’s d = 0.02). There was a significant association between children’s age 

and overall reaction time mean r[52] = -0.32, p = 0.02), with faster reaction time 

associated with increased age. For all reaction time analyses, age was used included as 

a covariate.  

 A linear regression model was used to analyze the effect of technology on 

children’s reaction time on successful hits (i.e., hitting the button on go trials).  There 

was no significant difference between the VR condition (n = 28, M = 763.48, SD = 

138.25) and the TV condition (n = 26, M = 784.70, SD = 95.94) on children’s reaction 

time (b = 29.89, t = 0.96, p = 0.34, R2 = 0.08).  There was a significant effect of age on 

children’s reaction time, with a faster reaction time with an increase in age (b = -4.28, 

t = -2.48, p = 0.02, R2 = 0.08).   

 A mixed effects linear regression model was used to analyze the effect of 

technology (VR versus TV) and distraction (trials with distraction versus no 

distraction) on children’s reaction time. Technology used, distraction, and children’s 

age were treated as fixed factors, with an interaction term between distraction and 
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technology and age as an additive covariate (Appendix M, Table 7, Model 3)4.  

Participant was treated as a random factor.   

 There was no significant difference between the VR condition (n = 60, M = 

786.28, SD = 164.97) and the TV condition (n = 53, M = 791.73, SD=120.73) on 

children’s reaction time (b = 37.77, t = 1.01, p = 0.31).  There was no significant 

difference on reaction time between trials with distraction (n = 56, M = 793.95, SD = 

141.47) and trials without distraction (n=57, M = 783.81, SD = 150.04; b= -2.84, t = -

0.18 p = 0.86) or a significant interaction between technology used and distraction 

level (b = -29.58, t = -1.26, p = 0.21).  There was a significant effect of age on reaction 

time (b = -5.48, t = -2.86, p = 0.01), such that children had faster reaction times with 

increased age.  

 Stimulus Sampling.  Analyses were conducted to determine if there was an 

effect of stimulus type (e.g., bunny, rooster) on children’s performance during the 

Animal game.  A mean accuracy score and mean reaction time was calculated across 

the three trials for each animal, and t-tests were used to analyze the effect of 

technology (VR versus TV) on children’s performance for each animal trial type.  

Note, that the trials with the dog image are not reported below, as they represent no-go 

trials and the results are presented above. 

																																																								
4 The mixed effects model that used both distraction and age as additive covariates 
was a better fit for the data than using the interaction term between technology used 
and distraction.  In the additive model, there was no significant effect of distraction on 
children’s reaction time (b = -16.55, t = -1.39, p = 0.17) or technology.  There still 
remained a significant effect of age (b = -5.47,  -2.86, p = 0.01). The additive model 
was not part of the hypothesis testing the interaction between technology and 
distraction and thus was not included in the final reporting.  	
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  rooster trials.  One child from the TV condition was removed for being 

three or more standard deviations below the mean accuracy score for the rooster.  

There was no significant difference in accuracy between the VR condition  (n = 29, M 

= 0.91, SD = 0.14) and the TV condition (n = 27, M = 0.95, SD = 0.10; t[51] = 1.21, p 

= 0.23, Cohen’s d = 0.32).  In addition, there was no significant difference between 

children in the VR condition and children in the TV condition (n = 27, M = 791.43, SD 

= 139.01) on their reaction times (t [54] = 0.94, p = 0.35, Cohen’s d = 0.25).  

   bunny trials.  One child from the VR condition was removed for being 

at least three standard deviations below the mean.  There was no significant difference 

between the VR condition (n = 29; M = 0.90, SD = 0.13) and the TV condition (n = 

27, M = 0.94, SD = 0.09) on children’s accuracy (t[51] = 1.58, p = 0.12, Cohen’s d = 

0.42).  In addition, there was no significant difference between the VR condition  (n 

=30, M = 801.16, SD = 210.05) and the TV condition (n = 27, M = 806.90, SD = 

139.83) on their mean reaction time (t[51] = 0.12, p =0.90, Cohen’s d = 0.03).   

  duck trials.  One child from the VR condition was removed from the 

analysis for being three or more standard deviations below the mean.  The results 

showed no significant difference between the VR condition (n = 29, M = 0.91, SD = 

0.14) and the TV condition (n = 27, M = 0.95, SD = 0.10) on accuracy during the duck 

trials (t[51] = 1.21, p = 0.23, Cohen’s d = 0.32).  In addition, there was no significant 

difference between the VR condition (n = 30, M = 751.54, SD = 180.91) and the TV 

condition (n = 27, M = 791.34, SD = 139.01) on mean reaction time (t[54] = 0.94, p = 

0.35, Cohen’s d = 0.24).   
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  cat trials.  One child from the TV condition was removed for being 

three or more standard deviations below the mean.  There was no significant 

difference between the VR condition (n = 30, M = 0.90, SD = 0.15) and the TV 

condition (n = 26, M = 0.92, SD = 0.13) on accuracy during the cat trials (t[54] = 0.55, 

p = 0.59,  Cohen’s d = 0.14).  There was no significant difference between the VR 

condition (n = 30, M = 812.90, SD = 184.18) and the TV condition (n = 27, M = 

814.55, SD = 142.02) on children’s reaction time (t[54] = 0.04, p = 0.97, Cohen’s d = 

0.01).   

  pig trials. One child from the VR condition was removed for being 

three or more standard deviations below the mean.  There was no significant 

difference between children in the VR condition (n = 29, M = 0.93, SD = 0.11) and the 

TV condition (n = 27, M = 0.95, SD = 0.10) on accuracy during pig trials (t[54] = 

0.89, p = 0.38, Cohen’s d = 0.24). There was no significant difference between the VR 

condition (n =30, M = 764.57, SD = 154.02) and the TV condition (n = 27, M =782.11, 

SD = 154.08) on reaction time (t[54] = 0.43, p = 0.67, Cohen’s d = 0.11). 

Inhibitory Control: Simon Says 

 Children’s performance on Simon says was calculated for activation trials (i.e., 

imitating Grover’s movements when “Simon says” was spoken) and inhibition trials 

(resisting imitating Grover’s movements when “Simon says” was not spoken) 

separately.  Performance on activation trials was used to assess children’s 

comprehension of the task. A minimum score of 0.90 and above accuracy was used as 

passing criteria (Carlson, 2005; Jones et al., 2003).  Performance on inhibition trials 

measured children’s inhibitory control skills.  Performances on both trial types were 
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calculated as the proportion of total points children scored out of the total possible 

points (i.e., 72 points for activation trials, and 48 points for inhibition trials).  Higher 

scores in both trials indicated better performance.  

 For each child, individual scores was calculated for performance 1) across all 

activation trials, 2) across all inhibition trials, 3) activation trials with distraction, 4) 

activation trials without distraction, 5) inhibition trials with distraction, and 6) 

inhibition trials without distraction. Children that fell below the 0.90 minimum overall 

activation score were removed from the Simon says analyses; eight children from the 

VR condition did not meet this minimum and were excluded5.  This exclusion criteria 

was only used for the Simon says analyses, not any other data analyses. 

 Activation trials. There was no significant correlation between age and overall 

performance on activation trials (r[51] = 0.19, p = 0.18).  In addition, a t-test showed 

no significant difference between girls’ (n =27, M = 0.98, SD = 0.03) and boys’ (n = 

26, M = 0.98, SD = 0.03) overall performance on activation trials (t[49] =1.07, p = 

0.29, Cohen’s d = 0.29).  

 A linear regression model was used to test the effect of technology on 

children’s overall performance on activation trials.  Results showed no significant 

difference in performance for children in the VR condition (n = 24, M = 0.98, SD = 

0.03) and children in the TV condition (n = 29, M = 0.98, SD = 0.03; b = 0.02, t = 

0.22, p = 0.83, R2= 0.13).   A mixed effects linear regression model (Appendix T, 

Table 10, Model 4) was used to examine the interaction between technology (VR 

																																																								
5	The difference in the number of children that met passing criteria between the VR 
condition and the TV condition was significant (p = 0.0, odds ratio = 0).  	
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versus TV) and distraction (distraction versus no distraction) on children’s 

performance on the activation trials.  Technology and distraction were treated as fixed 

factors, and participant was treated as a random factor.  There was no significant effect 

of technology used on children’s performance on activation trials (b = 0.01, t = 1.07, p 

= 0.29), no significant difference between distraction trials on children’s performance 

on activation trials (b = 0.00, t = 0.30, p = 0.77) and no interaction effect between 

technology and distraction (b = -0.02, t = -1.02, p = 0.31; see Appendix G, Table 4 for 

means and standard deviations; Appendix U, Figure 7)6.     

 Inhibition trials. There was a significant correlation between age and 

children’s overall score on inhibition trials (r[51] = 0.40, p = 0.003; see Appendix G, 

Table 4 for means and standard deviations).  A t-test showed no significant difference 

between girls’ (n = 27, M = 0.69, SD = 0.29) and boys’ (n = 26, M = 0.61, SD = 0.27) 

performance on inhibition trials (t[51] = 0.95, p = 0.35, Cohen’s d = 0.26).   

  A mixed effects linear regression model was used to examine the effect of 

technology (VR versus TV) and distraction (distraction versus no distraction) on 

children’s performance on the inhibition trials (Appendix T, Table 10, Model 5; 

Appendix V, Figure 8).  Technology used, distraction, and age in months were treated 

as fixed factors, with an interaction term between distraction and technology and age 

as an additive covariate.  Participant was treated as a random factor.  There was no 

																																																								
6	The mixed effects model that used distraction as covariate was a better fit for the 
data than using the interaction term between technology used and distraction.  In the 
additive model, there was no significant effect of technology (b = 0.00, t =0.50, p 
=0.62) or distraction on children’s performance on activation trials (b = -0.01, t=  -
0.67, p=0.17).  The additive model was not part of the hypothesis testing the 
interaction between technology and distraction and thus was not included in the final 
reporting.  	
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significant difference between the VR condition and the TV condition (b = 0.01, t = 

0.12, p = 0.90) on performance on inhibition trials.  In addition, there was no 

significant effect of distraction on children’s performance (b = -0.01, t = - 0.13, p = 

0.89) or a significant interaction effect between distraction and technology (b = - 0.05, 

t = - 0.74, p = 0.46; Appendix V, Figure 8; see Appendix G, Table 4 for means and 

standard deviations)7. There was a significant effect of age on children’s performance 

on inhibition trials, with higher scores associated with an increase in age (b = 0.02, t = 

3.17, p = 0.003).  

Approach Behaviors (Grover only) 

 A chi-square test was used to analyze the effect of technology (VR versus TV) 

on whether or not children walked forward towards Grover upon his request.  There 

was no significant difference in the number of children in the VR condition (n =17, 

27.87%) compared to the TV condition relationship (n =11, 18.03%) that approached 

Grover upon his request (χ2 [1, N = 61] = 0.87, p =0.35, Cramers V = 0.12).  A t-test, 

showed no significant difference in the minimum distance (in inches) that children in 

the VR condition (n = 32, M = 45.69, SD = 9.87) and the TV condition (n = 27, M = 

45.51, SD = 10.50) stood from Grover (t[54] = 0.07, p = 0.95, Cohen’s d =0.01).   

Emotional and Physical Distress 

																																																								
7	The mixed effects model that used distraction as covariate, was a better fit for the 
data than using the interaction term between technology used and distraction.  In the 
additive model, there was no significant effect of technology (b = -0.02, t = - 0.23 p = 
0.82) or distraction on children’s performance on inhibition trials (b = -0.04, t =  -1.01, 
p = 0.32). There remained a significant effect of age on performance on inhibition 
trials (b = 0.01, t = 3.17, p = 0.003).  The additive model was not part of the 
hypothesis testing the interaction between technology and distraction and thus was not 
included in the final reporting.  	
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 Children’s emotional and physical distress was measured at baseline at time 1 

(before the Animal game), time 2 (after the Animal Game, but before the Simon says 

game), and at time 3 (after the Simon says game).  A mean score was calculated for 

emotional distress and physical distress for each time point.  Lower scores represent 

lower levels of reported distress (measurement scores range from 0-3). For the 

emotional distress measures, four children were removed from analyses: one child 

from the VR condition was removed from the time 1 measurement, two from the VR 

children were removed from the time two measurement, and one child from the TV 

condition was removed from the time 3 measurement.  For physical distress, four 

children were excluded: two children from the VR condition were removed from the 

time 2 measurement, and two children from the TV condition were removed from the 

time 3 measurement.    

 Emotional distress. A mixed effects linear regression model was used to 

examine the effect of technology (VR versus TV) on children’s reported emotional 

distress levels over time (time 1 baseline, time 2 post-Animal game, time 3 post-

Simon says).  Technology and time were treated as fixed factors in an additive model 

with participant being treated as a random factor (Appendix W, Table 11, Model 6; 

Appendix J, Table 5 for means and standard deviations).  

 Overall children reported low levels of emotional distress, with mean scores 

close to zero.  There was no significant difference between the level of emotional 

distress for children in the VR condition (n = 93, M = 0.07, SD = 0.19) and children in 

the TV condition (n = 78, M = 0.05, SD = 0.18; b = - 0.02, t = - 0.60, p = 0.55).  In 

comparison to their baseline levels at time 1 (n =57, M = 0.12, SD  = 0.26), children 
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reported less emotional distress at time 2 after completing the Animal game (n = 57, M 

= 0.04, SD = 0.14; b = -0.09, t = -3.29, p=0.001) as well as at time 3 after the Simon 

says task (n = 57, M = 0.02, SD = 0.10; b = -0.11, t = -3.95, p = 0.001; Appendix X, 

Figure 9).  Orthogonal contrasts were applied to the model to further examine the 

effect of time on children’s reported emotional distress.  There was no significant 

difference between emotional distress levels at time 2 after the Animal game 

compared to time 3 after the Simon says task (b = 0.01, t = 0.66, p = 0.51).   

 Physical distress. A mixed effects linear regression model was used to 

examine the effect of technology (VR versus TV) on children’s reported physical 

distress over time (time 1 baseline, time 2 post-Animal game, time 3 post-Simon 

says).  Technology and time were treated as fixed factors in an additive model, and 

participant was treated as a random factor (Appendix W, Table 11, Model 7; Appendix 

J, Table 5 for means and standard deviations).  

 Overall children reported low levels of physical distress, with reported mean 

levels close to zero. There was no significant difference in physical distress between 

children in the VR condition (n = 90, M = 0.11, SD = 0.32) and the TV condition (n = 

81, M = 0.10, SD = 0.25; b = -0.01, t = - 0.10, p = 0.92).  Compared to baseline levels 

(n = 57, M = 0.09, SD = 0.22), there was no significant difference of physical distress 

after the Animal game (n = 57, M  = 0.07, SD  = 24; b = -0.01, t = -0.42, p = 0.68). 

There was a nearly significant difference between baseline physical distress and 

physical distress levels after the Simon says task (n = 57,  M=0.14, SD = 0.38; b = 

0.08, t =1.80, p = 0.08; Appendix Y, Figure 11).  Orthogonal contrasts were added to 

the model to examine difference in physical distress levels between after the Animal 



	 53	

game (time 2) and after the Simon says task (time 3).  Results showed that children 

reported significantly lower levels of physical distress after the Animal game 

compared to time after the Simon says task; b = -0.04, t = -2.22, p = 0.03).  

Perception and Experience of Virtual Characters  

 Analyses examined the effect of technology (VR versus TV) on children’s 

perception and experience of the virtual characters (i.e., visual perception of 

characters, enjoyment, and social ontological understanding; see Appendix Z, Table 

12 for response rates to all variables).  Responses to the visual perception and 

enjoyment questions were dummy coded as the following: no = 0, a little bit =1, 

some/sort of =2, a lot/very =3.  During the post-test after Simon says, children were 

asked three questions in regards to if they felt Grover was alive, could feel happy, and 

could see things to measure their social ontological understanding of Grover.  A social 

ontological understanding score was calculated as the sum of children’s responses to 

each question with “yes” receiving 1 point and “no” receiving 0 points. 

 Visual perception of characters (Animals/Grover). T-tests were used to 

examine the effect of technology (VR versus TV) on the degree children perceived the 

virtual characters  (i.e., the animals, Grover) as standing close to them or being big 

(Appendix Z, Table 12). There was no significant difference between technology used 

and the degree in which the animals appeared close (t[57] = 0.53, p = 0.60, Cohen’s d 

= 0.14).  In addition, there was no effect of technology on the degree children reported 

the animals appearing big (t[57] = 0.66, p = 0.51, Cohen’s d = 0.17).   

 There was significant difference in the degree that children felt that Grover 

was standing close to them (t[58] = 3.51, p = 0.001, Cohen’s d = 0.90).  However, 
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there was no significant effect of technology (VR versus TV) on how big Grover 

appeared to children (t[57] = 0.03, p = 0.98, Cohen’s d = 0.01).  

 Enjoyment (Animals/Grover).  There was no effect of technology (VR versus 

TV) on the degree that children felt the Animal game was fun (t[58] = -0.09, p = 0.93, 

Cohen’s d = 0.02), and there was no significant difference between technology used 

on the degree that children wanted to play more games with the animals (t[59] = -0.55, 

p = 0.59).  There was no effect of technology on the degree that it was fun to play with 

Grover (t[58] = -0.44, p = 0.66, Cohen’s d = 0.12), and there was no significant 

difference by technology on the degree children wanted to play more games with 

Grover (t[58] = -0.46, p = 0.65, Cohen’s d = 0.12).  

 Ontological understanding (Grover only).  A linear regression model was to 

examine the effect of technology (VR versus TV) on children’s social ontological 

understanding of Grover (Appendix Z, Table 12).  There was no effect of technology 

on children’s social ontological understanding score (b = -0.10, t[56] = -0.45, p = 0.66, 

R2= -0.03), children in the VR condition (n =31, M = 2.06, SD = 0.73) saw Grover as a 

social living being at similar levels as children in the TV condition (n = 29, M = 1.97, 

SD = 0.82).  In addition, there was no effect of age and children’s social ontological 

understanding score (b = -0.01, t[56] = -0.58, p = 0.56, R2 = -0.03) or a significant 

difference according to children’s gender (b = -0.16,  t[58]= - 0.81,  p = 0.42, R2= -

0.03). 

 A chi-square test and fisher’s exact tests were used to analyze the effect of 

technology (VR versus TV) on children’s individual responses (yes versus no) to the 



	 55	

social ontological understanding questions8 (i.e., alive, happy, see things; Appendix Z, 

Table 12).  There was no significant effect of technology on whether or not children 

labeled Grover as alive or not alive, with the majority of children in each condition 

indicating that Grover was not alive (χ2[1, N = 61] = 0.00, p = 1.00, Cramer’s V = 

0.00).  There was no significant effect of technology on whether or not children 

indicated that Grover could feel happy (p = 1.00, odds ratio = 0.90.  Finally, there was 

no effect of technology on children’s perception of Grover being able to see things (p 

= 0.74, odds ratio = 1.46).  

Discussion 

  Young children are growing up interacting with media content that contains 

socially acting characters.  Study 1 was an experiment that showed that VR affected 

children’s cognitive skills like inhibitory control, and social reactions to virtual 

characters differently than TV.  This dissertation study (i.e., Study 2) examined one 

possible explanation to the previous study’s results, specifically if content was more 

salient in VR compared to TV.  The amount of visual distraction in the background 

was manipulated to test if the salience of VR content negatively impacted young 

children’s performance on IC tasks.  Two IC tasks were used to test if the effect of 

technological immersion was task specific, as well as to reduce the possible confound 

of experiencing a novel technology like VR.   

 The overall results of the dissertation suggest that children experience 

distracting content in VR and TV similarly.  There was no effect of technological 

																																																								
8	Children that could not answer the question were excluded from analysis of that 
individual question. 	
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immersion (VR versus TV), no effect of distraction (with or without), and no 

interaction effect between technology and distraction on children’s performance 

during the two inhibitory control tasks; hypotheses H1a-H1c were not supported.  

There were no differences by technology by animal type during the Animal game (i.e., 

IC task 1) suggesting that technological immersion did not affect how children 

experienced the specific stimuli.   

 Children’s perception of the characters and social responses were also 

measured.  Hypotheses H2a, H2c, H2d were not supported:  There were no differences 

by technology on the number of children that approached Grove upon his request, and 

no differences by technology in the number of social attributes that children gave 

Grover.  Children in both the VR and TV conditions classified Grover as a social 

living being similarly:  many felt that Grover was not alive, but could feel happy and 

see things.   There no differences in how big Grover or the animals appeared to the 

children.  Hypotheses H2b was partially supported; there were no differences by 

technology on how close the animals felt.  However, children in the VR condition 

reported that Grover felt significantly closer than children in the TV condition.  

 Overall children enjoyed the experience and reported low levels of emotional 

and physical distress, with scores close to zero.  There were no differences by 

technology in how much children enjoyed the virtual worlds, and no differences by 

technology on emotional and physical distress scores.  Children felt significantly less 

emotional distress over time; suggesting that children may have experienced mild 

anxiety and worry because they were unsure what to expect at the start of the 

experiment.  There was slight increase in physical distress comparing baseline levels 
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to the last measurement (i.e. post-Simon says), however there were no significant 

differences by technology or time. These results further support previous research that, 

with short and relatively simple content, children can enjoy VR experiences with little 

to no emotional or physical distress.   

 Areas to consider as contributing to these dissertation results are the degree the 

content felt perceptually salient and the character socially real to children, as well as 

the potential influence of emotional arousal. Comparisons to Study 1 were conducted 

to provide greater insights on additional contributing factors such as children’s 

previous media experience, demographic background, and collecting data in a lab 

versus museum setting.  

Salience of Virtual Content and Social Realism  

 Previous work by Carlson (2005) suggests that the salience of objects could 

influence children’s performance on IC tasks. The objects, such as the characters and/ 

or the balloons, in VR may not have been experienced as more salient than on the TV 

screen.  It is also possible that the construct of salience was not measured or 

manipulated in a meaningful way in this experiment.  For example, performance did 

not differ between trials with or without distraction, as would be predicted. This 

suggests that the distraction component was not a strong enough manipulation to 

affect children’s performance (e.g., pull attention away from the primary task).   If 

distraction and immersion made the content more salient as expected, there would 

have been a decrease in performance on the inhibitory control tasks (i.e., more 

challenging to resist mimicking Grover’s motions).   The virtual environments used in 

this experiment were relatively simple; more intricate and complex content is 
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commercially available, and could interact with technological immersion differently.  

Overall, children appeared to be engaged with the content.  For instance, children in 

both conditions were observed as saying “whoops!” or “Oops!” when they made a 

mistake in both the Animal and Simon says games. Future research could examine the 

effects of immersion on tasks that are purely focused on distraction or with other types 

of content such as scenarios with multiple embodied agents and complex story lines.   

 Grover was selected as being a child-friendly media character. Technological 

immersion may have highlighted some aspects of Grover’s behaviors, but not others.  

For example, there was a significant difference between the VR and TV conditions on 

how close Grover felt to children suggesting that increased immersion could intensify 

non-verbal social cues such as interpersonal distance.  This could explain why there 

were no significant differences in how big or close that animals felt to children, as 

they did not provide any non-verbal social cues (they were inanimate and only showed 

their profile, providing no direct eye contact).  However, perceived closeness to 

Grover was not associated with performance on the Simon says task (for children 

meeting passing criteria; r[51] = 0.09, p = 0.50)9,10 or whether or not children 

approached Grover upon his request (t[59] = 0.11, p = 0.91, Cohen’s d = 0.03).   

 Interestingly, there were no differences by technology in how big Grover 

appeared to children, even though Grover had a larger viewing angle compared to the 

																																																								
9	There was no significant correlation between children’s performance on activation 
trials (i.e., their understanding of the task) and how close Grover felt (r[51] = 0.09, p = 
0.50).   
10	Among the children that met the passing criteria for Simon says, there still remained 
an effect of technology, with children in the VR condition reporting that Grover felt 
closer than children in the TV condition (t[50] = -2.90, p = 0.01, Cohen’s d = 0.80).   	
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TV condition.  Children may have interpreted the size question as Grover appearing 

big in comparison to their own size (i.e., he was small on the TV screen and the same 

size as them in VR).  Future studies would benefit from developing additional 

measures of how perceptually salient the characters are to child.   

  Also, the experimental protocol could have related to how the content was 

perceived as salient, such as not fully highlighting the technological differences 

between the VR and TV conditions. For instance, the tracking capabilities of VR could 

have been underutilized. As mentioned previously, a meta-analysis by Cummings and 

Bailenson’s (2016) showed that with increased tracking abilities in a virtual 

environment (e.g., including translation and orientation), users felt increased levels of 

presence (i.e., feeling that the virtual environment is real, or being located in a media 

event).  At the beginning of the virtual tasks, children were only asked if they could 

see the content, they were never instructed to move or look around.  For children that 

stood still, the virtual environment did not move or change based on their actions and 

thus the content in VR may have been experienced the same as on TV.   The results 

suggest that a first person view of the virtual environment and a larger field of regard 

in VR may have not been enough for children to feel a noticeable difference to TV.  

With a more intensive orientation phase for both conditions that involves moving the 

head around, children may feel more located in VR content by seeing more of the 

virtual environment, and children in the TV condition might feel less connected to the 

content as a result of seeing more of the physical world via looking to the side.  

  In addition to salience, the results suggest that children in the VR and TV 

conditions experienced a virtual character as socially real in similar ways.  Children 
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approached Grover at equivalent rates, and there were no differences between how 

children in the VR and TV conditions viewed Grover as a social living being.  Overall 

children’s ontological understanding of Grover was that he was not alive, but could 

feel happy and see things (see Appendix Z, Table 12).  The way children’s categorized 

Grover in their mind could have influenced their decision to approach Grover upon his 

request; less than half of the entire sample walked towards Grover, with no difference 

by technology.  

 Blascovich and collegues' (2002) social influence in immersive virtual 

environments theory contends that as social presence increases, the more likely a 

person will be influenced by that virtual representation.  Children may not have 

viewed Grover as real, and thus he would have less social influence on them. Several 

children indicated that Grover was not alive because “He has blue fur,” “Because 

monsters aren’t real” or “He’s on Sesame Street.”  Technological immersion may not 

have made Grover ‘real’ enough to children because of his blue fuzzy appearance.  

Bailenson and collegues (2005) found that a mismatch between behavioral realism and 

the appearance of an embodied agent decreased levels of social presence (e.g., non-

human appearance with human-like behaviors).  Furthermore, research on symbolic 

representation has demonstrated that young children often rely on the appearance of 

objects as a primary source of information (Uttal et al., 2008).  Perhaps if Grover 

appeared more like a human, increased levels of immersion may have enhanced the 

realism of the social interaction, which could increase levels of social presence and 

potentially provoke greater social influence on their behaviors.   
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 There may be an important interaction between salience and social realism that 

influences children’s psychological responses.  If children do not see the characters as 

real, the content and the characters’ actions could be less salient, which could make 

them less likely to socially influence children’s behaviors.  Studies have shown that 

children are less likely to use information from scenarios that contain fantasy 

compared to those with more realistic content (e.g., Richert et al., 2009). Young 

children are often skeptics of content with improbable scenarios, sometimes stating 

that they are impossible, not just unlikely (Woolley & E. Ghossainy, 2013).  Future 

research could examine how children perceive and behaviorally respond to different 

types of virtual characters, such as those that are more human-like or gender-matched.   

   

Emotional Arousal  

  According to Reeves and Nass (1996), “arousal is intimately linked to rational 

thought.  The separation of thinking and feeling is an illusion.  It is not the case that 

the older portion of the brain somehow keeps arousal locked away, never to influence 

other parts of mental life” (p. 139).  Arousal levels can both help and hinder a person’s 

attention and memory of media content (Lang, Dhillon, & Dong, 1995; Newhagen & 

Reeves, 1992).  When physiological responses (i.e., arousal) and subjective experience 

combine, it results in the experience of emotion (e.g., Detenber, Simons, & Jr, 1998).  

Humans have a lower threshold of response towards negative stimuli, with a steeper 

incline than neutral or positive stimuli (Bradley & Lang, 2007; Lang, 2006).   

 Emotional and physical distress levels were only measured before and after the 

virtual experiences and were all self-report and it is unclear how emotional arousal 
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may have influenced performance during the virtual treatments.   Children with high 

levels of negative arousal levels may have been be less likely to approach Grover, 

while those with positive and elevated levels of arousal may have been more likely to 

approach Grover, and that technological immersion influenced the levels of emotional 

arousal.  In addition, the level of emotional arousal could have influenced how well 

children attended to hearing “Simon says” and knowing when to suppress mimicking 

Grover’s actions.  Simon says is known to be a particularly challenging game for 

young children, which may make performance level sensitive to arousal levels.  

Additional unobtrusive measurement of distress, like physiological responses, during 

treatment would provide greater insight on how distress levels influence children’s 

performances.  For instance, a future study could measures children’s heart rate 

before, during, and after Grover’s appearance.  Arousal levels could be measured 

during the virtual treatment and self-report measures could examine the valence of that 

arousal.    

 While level of physiological arousal could have affected children’s approach 

behaviors and performance during the inhibitory control tasks, there were no visible 

startle or flinch movements for nearly the entire sample.  Only one child from the VR 

condition made a noticeable movement; he pulled his hands out of his pocket quickly 

when Grover appeared. The content was specifically designed to introduce the 

characters in a way as to not scare the children.  A startle response to virtual stimuli 

can act as an indicator of high presence (e.g., Steptoe et al., 2013), and a possible 

increase in physiological arousal which could in turn impact children’s approach 

behaviors or IC performance (i.e., seeing Grover as a threat or a friend).  Additional 
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studies that included head tracking and/or eye tracking would be able to pick up any 

small movements in response to the stimuli such as when Grover or the balloons first 

appear.  In this dissertation study tracking was only used for the VR condition.  

  Observations did show that children in both conditions made verbal responses 

to Grover and his actions, such as “I see Grover!”  or “Hello, Grover!” (See Appendix 

AA, Table 13 for detail responses by condition).  While a small percentage of children 

spoke, and there were no differences by technology on the number of children that 

spoke, more children in the TV condition asked, “What should I do?” in response to 

Grover asking them to come closer.  This response could have been an indicator of 

children being conflicted as to follow Grover’s request to come closer.  Understanding 

how arousal levels, technological immersion, and task challenge could be important 

for understanding how young children respond to content based on the level of 

technological immersion.  

Examining the Differences Between Studies: Study 1 versus Study 2 

 While some of the specific outcomes from this dissertation (Study 2) differ 

from the previous study (Study 1), the trends are in the same direction (Appendix BB, 

Table 14; Appendix CC, Table 15).  In both studies children experienced little 

emotional and physical distress (Appendix, CC Table 15).  Children in both studies 

were similar in mean age, scores on temperament dimensions (attentional focus, 

inhibitory control, shyness), recognition of Grover, and percentage of male and female 

participants; overall and according to technology conditions (Appendix CC, Table 15).  

Other factors related to children’s previous media experiences, demographics, and the 
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environment in which the data was collected could explain some of the differences 

between the two studies.   

 Experience with media.  Research suggests that as children age they gain 

greater understanding and knowledge of media-technology (e.g., infants learning that 

objects on a 2D TV cannot be physically grasped or touched; Pierroutsakos & Troseth, 

2003).  Children that learn early on about the behavioral affordances of TV screens 

may apply that knowledge to other immersive features and experience of media.  

However, the data suggests that children’s previous experience with media was not a 

major influential factor in the different results between Study 1 and Study 2 (see 

Appendix D, Table 3 for raw counts).   Children in both studies had similar reported 

media usage.  Looking at both samples, the majority of children were reported by 

parents as having used a handheld or console video game device (81%), and there was 

no significant difference between Study 1 and Study 2 as to whether or not children 

ever used one (χ2[1, N =112] = 0.00, p = 1.00).  There was no significant difference by 

study on whether or not children had ever used a video game where they used their 

body to control the game character’s movements (i.e., Microsoft Wii; χ2[1, N = 111] = 

0.48, p = 0.49), with 49% having used one before.  The vast majority of children were 

reported as having played mobile games (96%), and there was no significant 

difference by study on if they had ever played them (p = 1.00, odds ratio = 0.79).  

There was no significant difference by study on whether or not children had ever 

played computer games before (χ2[1, N = 110] = 0.01, p = 0.95), with 58% having 

ever played them.  Finally, there was no difference by condition on whether or not 

children had every watched educational television shows like Sesame Street (p = 0.18, 
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odds ratio = 2.15), with 85% of children having watched these types of shows before.  

Future research could include additional populations with various levels of media 

experience.    

 For Study 2 only, parents reported their child’s experience with VR. There was 

no significant difference between children in the TV condition and children in the VR 

condition on if they had ever used VR before (p = 1.00, odds ratio = 1.14), with 25% 

reported having ever used it.  While this is only a quarter of the sample, this number is 

relatively high considering VR has been commercially available for a short period of 

time, and that this is a young age group.  While this data was collected at museum 

focused on technology, it suggests that parents that value exposing their children to 

different types of media will have their children experience VR.    

 Inhibitory control performance (first twenty trials of study 1 and study 2).  

The dissertation study (Study 2), was not an exact replication of the previous study  

(Study 1).  However, a direct comparison between the results on Simon says can be 

made between the two studies by looking at a subset of the data.  In Study 2, children 

that had distraction during the first 20-trials of Simon had the most similar experience 

to children in Study 1 (they played Simon says immediately after their interaction with 

Grover).  The first twenty trials of Study 1 and Study 2 are identical in the Simon says 

treatment, the same moves and sounds for Simon says with balloons in the background 

were initiated at the start of the game.  A linear regression model showed no 

difference between Study 1(n = 45, M = 0.97, SD = 0.04) and Study 2 distraction first 

subgroup (n = 29, M = 0.98, SD = 0.04) on children’s performance during activation 
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trials (b = 0.01, t = 0.86, p = 0.40, R2 = -0.00), suggesting that there was no difference 

in how well children understood the Simon task.   

 Examining children’s performance on inhibition trials with a regression model 

with age as a covariate, there was a nearly significant difference between children in 

Study 1’s (n = 45, M = 0.83, SD = 0.19) and children in Study 2’s (n = 29, M = 0.71, 

SD = 0.32) performance on inhibition trials during the first twenty trials (b = -0.09, t = 

-1.58, p  =0.12, R2  =0.14), with children in Study 1 having higher overall levels of 

performance  (n = 45, M = 0.83, SD = 0.19) compared to children in Study 2 

distraction first subset during their first twenty trials ( n = 29, M = 0.71, SD = 0.32).  

As expected and research supports, there was an overall effect of age, with improved 

performance with increased age (b = 0.01, t =2.99, p = 0.004, R2  =0.14).    

 Looking at the VR subset of both studies for the first 20 trials, there was no 

difference between children in the VR condition in Study 1 (n = 21, M = 0.77, SD = 

0.24) compared to children in the VR condition of Study 2 on performance during 

inhibition trials (n = 13, M = 0.65, SD = 0.34; b = -0.09, t = -0.89, p = 0.38).  The 

effect of age approached significance on inhibition trials in this sample (b = 0.01, t = 

1.79, p = 0.08, R2 0.08).  Looking at the TV condition in both studies, there was no 

significant difference between children in the TV condition in Study 1(n = 24, M = 

0.88, SD = 0.11) compared to children in the TV condition in Study 2 subgroup (n = 

16, M = 0.75, SD = 0.31) on performance during the inhibition trials (b = -0.10, t = -

1.50, p = 0.14).  As expected, there was an effect of age on inhibition trials 

performance (b = 0.01, t = 2.27, p =0.03). 
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 Demographics (first twenty trials of study 1 and study 2).  When looking at 

the demographic information from Study 1 and Study 2, the first twenty trials of the 

Simon says distraction first subgroup, there was no significant difference according to 

Study on the attentional focus subacale (t[64] = 0.19, p = 0..85, Cohen’s d = 0.04), 

inhibitory control subscale (t [55] = -0.08, p = 0.93, Cohen’s d = 0.02), or shyness 

subscale (t[65] = 0.30, p = 0.76, Cohen’s d = 0.07).  There was no significant 

difference by study on whether or not children recognized Grover (χ2[1, N= 70] = 

0.00, p  = 0.96), and no difference between boys and girls (χ2[1, N =) = 0, p =1.00).  

There was a trend but non-significant difference in age (t[63]=1.68, p = 0.10, Cohen’s 

d = 0.39), with children in Study 1 (n = 45, M = 68.87, SD = 10.37) being slightly 

older than Study 2 (n = 29, M = 64.90, SD = 9.57). The slight age difference could 

explain to why children in Study 1 had a higher score on inhibition trials.  

 Lab versus Museum Populations (Study 1 only).  Over 90% of the sample in 

the dissertation study came from the museum, while in the previous study it was closer 

to a 50% split between data being collected at the lab and at the museum.  Individual 

differences related to the museum and the lab populations could be another 

explanation as to why there were differences by technology on children’s behavioral 

response (e.g., approach) in Study 1 but not in Study 2. Anecdotally, several children 

at the museum either spoke English as a second language or had parents that spoke 

English as a second language.  Some research shows an association between language 

development and performance on inhibitory control tasks, with more advanced 

language development associated with higher performance (Hughes, 1998).  

Developing English skills could have affected children’s ability to understand the 
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instructions for Simon says or take them longer to process Grover’s request before 

taking action.  In contrast, other literature suggests that children with bilingual skills 

perform better on tasks that require suppressing an impulsive thought or action 

compared to children that are monolingual (Poarch & van Hell, 2012).  

 In addition, the process of recruitment was different at the museum compared 

to the lab setting.  Children recruited at the museum were pulled from the museum 

floor and asked to participate in the study.  Parents and children were primarily there 

to visit the museum, not necessarily participate in the experiment.  In contrast, 

children from the lab population responded to an email and then came in for the study 

at a later date.  There might have been different expectations and focus between these 

two groups, which could have affected how they engaged with the content.  At the 

museum, children most likely had the expectation of trying out various games and 

exhibits while children that came to the lab knew that they were there specifically for 

the experiment.   

 For the dissertation study (Study 2), the data collected at the museum was 

completed in a curtained off area within a newly developed VR section of the museum 

that had experiences for adolescents and adults.  As such, children that participated in 

Study 2 saw people interacting with VR before they entered the experiment room.  In 

contrast, in Study 1, no VR exhibits existed, and there were little to no widely 

available and affordable commercial VR headsets similar to what was used in the 

studies. This may have also influenced children’s expectations and focus during the 

experiment.   
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 Finally, the museum had many more potential distractions in the surrounding 

environment outside of the experiment room compared to the lab setting (which was a 

room located in a quiet hallway in the basement of an academic building).  As 

mentioned earlier, children in Study 2 had an overall lower performance on Simon 

says than children in Study 1, where half the population came from both settings. The 

difference in overall score on inhibition trials could be a reflection of the museum 

setting being generally more distracting.  While children wore headphones during the 

Simon says task they did not during the Animal game (there were no sound effects).  

The louder ambient sounds of the museum may have influenced children’s overall 

performance differently than the lab setting.    

 While the majority of the children in Study 2 came from the museum 

population allowing for consistency within the sample, these differences between the 

lab and museum populations could explain why children responded differently in VR 

in Study 1.  Future research could examine how immersion influences children’s 

psychological responses in more formal quieter education settings versus louder 

informal learning entertainment spaces such as a museum.  It may be the case that 

technological immersion has a greater affect on children in quieter spaces and could 

influence learning while having a socially acting character, not necessarily greater 

technological immersion, is only needed in entertainment venues.   

 Further examining the results from the previous, Study 1, can begin to provide 

some additional insights about the children in museum population and the lab 

population (i.e., the sample was split between the museum and lab settings).  To better 

understand the possible effect of data collection location on population type and 
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performance, secondary analyses were conducted for Study 1 data, comparing the lab 

population and the museum population. In regards to demographic information, there 

was no significant difference the museum population and the lab population in Study 1 

in age (t[35]= -1.27, p = 0.21, Cohen’s d = 0.39), the number of boys and girls in each 

group (p = 1.00, odds ratio = 0.90), and no difference in whether or not they 

recognized Grover (p = 0.34, odds ratio = 0.50).  There was no significant difference 

between the lab and museum populations on the degree in how familiar children were 

with Sesame Street (t[40] = 1.22, p = 0.23, Cohen’s d = 0.36).   There was a trending 

but non-significant difference between the lab population (n = 19, M = 5.53, SD = 

0.59) and the museum population  (n  =26, M = 5.06, SD = 1.23) on the CBQ 

attentional focus subscale(t[38] = 1.70, p = 0.10, Cohen’s d = 0.46).  However, there 

was no significant correlation between children’s score on the attentional focus 

subscale, and their overall performance on the inhibition trials (r[43] = 0.06, p = 0.69).  

There was no significant difference between the lab and museum population on their 

score on the inhibitory control CBQ subscale (t[39] = -0.23, p = 0.82, Cohen’s d = 

0.07) or a significant correlation between performance on the inhibitory control 

subscale and their overall performance on inhibition trials (r[43] = 0.06, p = 0.71).  

Finally, there was no significant difference between the lab and museum populations’ 

shyness CBQ subscale score (t[38] = - 0.16, p = 0.87, Cohen’s d = 0.05) or a 

significant correlation between their shyness score and performance on inhibition 

trials (t[43] = 0.91, p = 0.37, Cohen’s d = 0.14).  These CBQ results in Study 1 are 

slightly different than in Study 2, there was a positive correlation between 

performance on inhibition trials and children’s CBQ attentional focus subscale in 



	 71	

Study 2 but not in Study 1 (Appendix S, Table 9).  Future research would benefit from 

adding additional measures of inhibitory control to better determine which skills and 

factors relate to children’s abilities in VR compared to TV.   

 Examining location and Simon says performance, a multiple regression model 

showed no significant difference between the lab population and the museum 

population in Study 1 on their performance during activation trials, suggesting that 

children understood the Simon says task (t = -0.002, t = -0.18, p =0.86, R2 = -0.02). 

Examining the effect of sample population (lab versus museum) with age as a 

covariate showed that there was no significant difference between the lab population 

and the museum population on performance on Simon says inhibition trials (b = 0.02, t 

= 0.43, p = 0.67, R2= 0.10).  As expected, there was an overall effect of age with better 

performance with increased age (b = 0.01, t = 2.46, p = 0.02, R2= 0.10).  The results 

suggest that children from the lab and museum populations have similar backgrounds.  

These additional analyses provide insight on how immersion may or may not affect 

children’s psychological responses; more research needs to be conducted combining 

what has been learned from these two studies to better understand what technological 

features which interact with certain types of populations and locations.    

Limitations and Future Directions 

  This dissertation provides additional insights on the way technological 

immersion via VR could relate to young children’s cognitive and social responses. The 

interpretation of these results must also be considered in light of its limitations, which 

can provide areas of improvement in future work.   
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 First, this study did not have additional baseline measures of cognitive 

abilities.  While CBQ was used to collect data on temperament dimensions related to 

attentional focus, inhibitory control, and shyness, future research would benefit from 

added validated and sensitive measures of inhibitory control.  Parent report of 

executive function skills are valid measures (Carlson & Moses, 2001a), although 

different.  In addition, other cognitive abilities that develop during early childhood 

along side inhibitory control could have contributed to these results.  For example, 

Theory of Mind (ToM), the ability to assess and infer the mental state of others, has 

been shown to relate to improved performance on inhibitory control tasks (Carlson, 

Claxton, & Moses, 2015; Carlson & Moses, 2001b).  ToM could have influenced how 

children socially responded to Grover. While children as young as three-years of age 

can perceive familiar media characters as humanlike, having feelings, wants, and 

needs, ToM may could influence how children responded to requests made by a 

character.  Even children were randomly assigned to technology groups it is possible 

the two groups were not equivalent along these domains.  Future studies that include a 

larger battery of baseline measures could provide greater insight on how immersion 

could influence children’s experience of content.  

 Second, this study used consumer brand products with various combinations of 

immersive features  (e.g., levels of tracking), and it is unclear how these features 

interacted to affect children’s experiences of content.  Future research could examine 

how specific features relate to different types of psychological responses to virtual 

characters (e.g., approaching a character versus answering a character’s question).  In 

addition, stimulus sampling (i.e., the animals selected for the Animal game, Grover) 
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could have affected the results of the study.  Having children exposed to a number of 

images (i.e., several “go” animals in the Animal game) brings strength to they study, 

however the reactions to the images have limited generalizability, as there are more 

complex virtual scenarios that are commercially available.   Future work would benefit 

from studying various types of stimuli.   

 Third, this dissertation study only examined cool inhibitory control tasks. 

Children may perform differently on hot inhibitory control tasks using VR compared 

to cool tasks.  Cool tasks tend to tap into cognitive responses while hot tasks tend to 

elicit affective and motivational responses.  VR experiences can provide vivid and 

emotional scenarios, and increased immersion has the potential to influence behavior 

by making “hot” stimuli more enticing than on a TV. Similar to Carlson’s (2005) “less 

is more” candy task, showing an enticing item like candy in VR that has 3D features 

and giving children an avatar in which they see their hands, could make it harder for 

them to resist pointing at the candy compared to seeing in on a TV screen.  This could 

be particularly effective if the images represented real candy that children would 

receive later (as in the “less is more” task).   

 Fourth, approach behaviors and ontological understanding were only two of 

many social responses that could have been examined.  In addition, it is unclear 

exactly how they map onto various constructs.  Approach behaviors could be a 

reflection of both high and low levels of social presence.  In this study assessing 

children’s ontological understanding such as aliveness may not have related enough to 

social presence.  For instance, the literature shows that typically developing adults 
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understand the distinction between fantasy and reality in media, yet they will respond 

to embodied agents in VR as if they were real people.   

 As the field develops it will be important to create multiple ways to assess 

children’s response to embodied agents.  The tracking features of VR technology has 

the capability to collect thousands of data points of users head movements (e.g., 

Bioulac et al., 2012; Iriarte et al., 2016), and  could be used to better understand’ 

children’s attentional focus and social presence during various virtual scenarios.  

Future analyses could examine how children’s head movements in VR relate to their 

willingness to follow Grover’s instructions to walk closer (e.g., comparing Study 1 to 

Study 2), and/or how head movement relates to their performance during Simon says. 

 Fifth, the vast majority of children were recruited from one museum.  While 

children from all over the world visited this museum, it attracted a certain population 

of people.  For instance, the sample was highly educated and affluent (Appendix C, 

Table 2), and socioeconomic status can relate to inhibitory control outcomes (Noble, 

McCandliss, & Farah, 2007; Noble, Norman, & Farah, 2005).  Additional studies will 

need to recruit children from a multitude of backgrounds, and include recruitment 

from multiple locations.    

 Sixth, close to ceiling and floor level performance on the tasks makes the 

interpretation of the results less clear.  All children performed extremely well on the 

Animal game, and it may have been too easy to detect any differences due to 

differences in technological immersion.  In contrast, Simon says is particularly 

challenging for young children, and the task may been too hard for this sample of kids  

(i.e., inhibition trials were on average lower in this dissertation study at 65%, than the 
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pervious study at 76%).  If the task was too challenging, than it could be possible that 

distraction and technological immersion would not affect performance because 

children were close to floor levels (i.e., close to or below a 50% success rate).  

Additional research will need to investigate how immersion interacts with different 

levels of challenge.   

 Finally, this experiment was not a direct replication of the previous study; thus 

it is unclear which different factors influenced these results. Children in this 

dissertation study completed an additional task in which the hardest task, Simon says 

was completed last.  

Conclusion  

 VR technology is rapidly developing and gaining greater consumer 

availability. Currently, smartphones can be transformed into VR headsets by using 

simple and inexpensive materials such as plastic or cardboard. With adults getting 

greater access, young children are likely to get exposure to VR technology: A survey 

of American parents found that 80% of 2- to 4-year-old children have used a mobile 

device such as a tablet or smartphone (Rideout, 2013).  In 2015 the New York Times 

included “Google Cardboard,” (Somaiya, 2015; Wohlsen, 2015) an inexpensive VR 

headset that works with a mobile phone, to their Sunday subscribers, and in 2016, 

McDonalds announced that in Sweden the franchise would be releasing its own line of 

VR headsets made out of the boxes that hold children’s meals (i.e., "Happy Meal" 

boxes; Rhodes, 2016).  Wired magazine writer Marcus Wohlsen (2015), wrote on the 

implications of this greater access to VR: 
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But for good or ill, Google Cardboard is just good enough to imprint a new 

paradigm on a nation of 8-year-olds.  From now on, kids who’ve had the VR 

experience have a new set of expectations of what it should mean to interact 

with a computer.  Imagine what they’ll expect by the time they’re 18. 

As technology continues to evolve, understanding how to navigate content and 

immersive mediums like VR could be important future skill for children. A better 

understanding of the nature of the effect of VR on human development will provide 

insight on which virtual experiences and emerging immersive features are appropriate 

for children. 
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Appendix A 

Table 1.   
Independent and Dependent Variables 

Independent Variables Group Randomization 

Between-participants: Technology VR or TV 

Within-participants: Distraction First or Second Half of trials 

Dependent Variables Virtual IC Task  

(Task 1: Go/no-go Animal 

Game; Task 2: Simon says) 

IC performance (i.e., motor response) Task 1, Task 2 

Perceived distance (i.e., close) Task 1 Task 2 

Perceived size (i.e., big) Task 1, Task 2 

Physical distress, emotional distress, 

and enjoyment 

Task 1, Task 2 

Approach behavior (i.e., walking to 

Grover, minimum distance) 

Task 2 only 

Ontological understanding of Grover 

(i.e., alive, happy, see things) 

Task 2 only  
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Appendix B   

 
Overview of Pilot Study with 3-to 5-year-old Children 

 Nine four- and five-year-old children and 8 three-year-old children participated in the 

experiment (N = 17).  After consent and assent procedures, children completed the same protocol 

as the final study, with one exception, the Simon says procedures and virtual treatment happened 

before the go/no-go (GNG) Animal game task. For this iteration of the GNG task, children were 

first introduced to the game through a physical flipbook. Then children practiced the task for 10 

trials (no distraction), based on their technology randomization assignment (VR versus TV).  

After the practice trials, the researcher told all children that they would now be playing the game. 

Children completed 60 trials of the game, where they experience either the first 30 trials with 

visual distraction in the background or the last 30 trials with distraction.  During both the virtual 

practice and testing phases, children wore noise-canceling headphones and received audio 

feedback, a beeping sound, every time they pushed the button during a designated trial (i.e., they 

did not hear feedback outside of the 1500-milisecond window).  However, this audio feedback 

was the same if they responded correctly or incorrectly.   

Four-to Five-year-olds 

 Pilot testing was conducted with 9 four- to five-year-old children (six 4-year-olds, and 

three 5-year-olds) to test the virtual stimuli and experimental protocol.  Pilot testing showed that 

four- to five-year-old children were able to wear the Oculus Rift consumer-version 1 (CV1) 

head-mounted display (HMD), complete the virtual tasks, answer the questionnaire, and respond 

to the stimuli in expected ways.  An additional Velcro piece of material was added to the CV1 to 

allow the headset to fit smaller sized heads. The success of four- and five-year-old children on 
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the tasks, aligned with the result of a previous study I conducted showing that four-to six-year-

old children are able to use PC based virtual reality technology (i.e., Oculus Rift CV1 HMD), 

and to follow virtual Grover’s instructions.  Finally, the four-and five-year-olds were successful 

in completing the GNG Animal game with minimal issues or problems, which follows previous 

research (Wiebe et al., 2012). 

Three-year-olds 

 Pilot testing was also completed with 8 three-year-old children to determine if wearing 

PC based virtual reality technology (e.g., Oculus Rift), and the specific virtual content of my 

study were appropriate for this age.  Five children completed the study wearing a head-mounted 

display (HMD) and three children completed the task via a TV screen.   

 VR Equipment. The HMD was too large for one child to wear, and this child had to 

complete the task via a TV. Three of the five children wearing the HMD kept their heads tilted 

down for much of the task suggesting that children felt the weight of the headset; however no 

children complained of physical pain during or immediately after the experiment. The three 

children in total completed the task via a TV and did not demonstrate the same head-tilting 

behavior. 

 Completing Experimental task and Content. The vast majority of the three-year-olds 

struggled to pass the minimum threshold for the virtual tasks (e.g., too many mistakes in Simon 

says).  Only two children met passing criteria during the three practice rounds of Simon says in 

the physical world in which they received feedback from the researcher.  The other children that 

did not meet passing criteria, did not sequentially improve with each of the three practice rounds.  

In addition, two children were unable to provide valid answers to the experimental questionnaire, 



	
80	

even after additional prompting and explanation. 

 Four children requested to stop the experiment early (with three children from the VR 

condition and one child from the TV condition). While some children requested to end the task 

early, many children reported enjoying the experience. However, one child had a startled 

response to Grover when he first appeared, and turned away from Grover in the direction of his 

mother in the physical world and held her hand. Throughout the virtual environment task, the 

child kept pulling the HMD up and down to see the physical world and then virtual world. With 

encouragement from the parents and myself we were able to introduce Grover to him. The child 

waved at Grover and asked him Grover what was his name. After making sure the child was 

comfortable, the researcher allowed the child to play a few trials of the Simon says game and 

then the equipment was removed. Afterwards, the child reported that he had fun. 

Conclusions and Changes 

   Based on the observations from pilot testing, the technology and task used in this study 

were not appropriate for three-year-old children, and thus they were not included in further study 

recruitment.  To reduce issues related to the novelty of using technology (a possible explanation 

of the results of the Simon says task of the previous version), the GNG Animal game was moved 

to be the task that children completed first.  In addition, children lost interest quickly after 

completing the practice trial, and many thought it was over with. To keep children on task, 

children only completed the flipbook practice trials and then completed the test trial according to 

their technology randomization (they were all introduced to the technology before completing 

the test phase).  In addition, to increase the challenge of the task the audio feedback was removed 

from the treatment so that children didn’t use the audio cue as source of information for the task. 
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Appendix C 

Table 2.  
Demographic Information of Study Sample 

 Gender Distraction 

Order 

CBQ Subscales a,b 

M(SD) 

Agec  

M(SD) 

Recognition of Grover 

 Girl Boy First Second Attentional 

Focus 

Shyness Inhibitory 

Control 

Months Failed to 

recognize 

Recognized 

All 

(N=61) 

44% 

(n=27) 

56%  

(n= 34) 

49%  

(n= 30) 

51%  

(n= 31) 

5.07  

(0.85) 

3.53 

(1.19) 

4.92  

(0.94) 

65.92 

(9.53) 

48%  

(n= 29) 

52%  

(n= 32) 

VR  

(n=32) 

23% 

(n=14) 

30% 

(n= 18) 

25%  

(n =15) 

28% 

(n=17) 

5.11  

(0.86) 

3.73 

(1.38)  

5.00  

(1.00) 

65 (9.86) 56.25% 

(n= 18) 

43.75%  

(n= 14) 

TV 

(n=29) 

21% 

(n=13) 

26% 

(n=16) 

25% 

(n=15) 

23% 

(n=14) 

5.03 

(0.85) 

3.33 

(0.94) 

4.84  

(0.87) 

66.93 

(9.21) 

37.93% 

(n= 11) 

62.07%  

(n= 18) 
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a VR n = 30 
b Higher scores represent greater tendency for that temperament dimension 
cAge in months was reported by parents 
*p<0.05, **p<0.01, ***p<0.001 
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Appendix D 

Table 3. 
Children’s Media Usage according to Study 
Study 2         
 Never Less than 

once a 
month 

Once a 
month 

2-3 times a 
month 

Once a 
week 

Several 
times a 
week 

Once a 
day 

Several 
times a 

day 
Used VR          

TV (n = 29) 22 5 1 1 0 0 0 0 

VR (n = 30) 22 6 1 0 1 0 0 0 

Console or hand 

held video games 

        

TV (n = 29) 4 3 2 4 3 7 4 2 

VR (n = 32) 7 6  1 3 2 6 4 3 

Video games 

using body 
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movement (e.g., 

Nintendo Wii) 

TV (n = 29) 11 9 4 2 1 1 1 0 

VR (n = 32) 18 6 2 1 3 2 0 0 

Computer games         

TV (n = 29) 10 6 2 2 3 3 2 1 

VR (n = 30) 14 6 2 0 1 2 2 3 

Mobile games 

(i.e., phone, 

tablet) 

        

TV (n = 29) 2 3 0 3 6 8 5 2 

VR (n = 32) 1 4 1 7 4 7 3 5 

Educational         
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television 

TV (n = 29) 5 2 3 2 3 8 6 0 

VR (n  = 29) 1 1 5 2 3 11 5 1 

Familiar with 

Sesame Street 

Not at 

all 

familiar 

Slightly 

familiar 

Moderately 

familiar 

Very 

familiar 

Extremely 

familiar 

   

TV (n =29) 6 14 6 3 0    

VR (n =31) 2 15 10 2 2    

Study 1         

 Never Less than 

once a 

month 

Once a 

month 

2-3 times a 

month 

Once a 

week 

Several 

times a 

week 

Once a 

day 

Several 

times a 

day 

Console or hand         
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held video games 

TV (n = 25) 4 5 2 1 6 4 2 1 

VR (n = 26) 6 3 3 0 4 5 4 1 

Video games 

using body 

movement (e.g., 

Nintendo Wii) 

        

TV (n = 24) 11 5 2 4 2 0 0 0 

VR (n =26) 17 4 1 3 1 0 0 0 

Computer games         

TV (n = 25) 11 6 2 1 2 2 1 0 

VR (n  = 26) 11 4 1 1 2 5 1 1 

Mobile games         
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(i.e., phone, 

tablet) 

TV (n = 25) 2 3 4 3 2 6 2 3 

VR (n = 26) 0 5 3 0 2 6 6 4 

Educational 

television 

        

TV (n = 25) 4 3 3 3 3 5 2 2 

VR (n = 25) 6 2 1 5 2 5 2 2 

Familiar with 

Sesame Street 

Not at 

all 

familiar 

Slightly 

familiar 

Moderately 

familiar 

Very 

familiar 

Extremely 

familiar 

   

TV (n = 25) 3 10 7 4 1    

VR (n =26) 4 10 7 4 1    
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Appendix E 

 

 
Figure 1. Children completed two inhibitory control tasks via 
VR or TV: (A) a go/no-go task, the Animal game, and (B) 
Simon says. During both virtual treatments children oriented 
to the virtual environment (1), then completed the tasks with 
half the trials with distraction (2) and half without distraction 
(3). Children were randomized to technology and if they 
received distraction during the first or second half of trials.
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Appendix F 

 

 
 

Figure 2. Image of the experimental room (museum location).  The room 
configuration was the same for every child. The television screen stayed  
off unless in use. 
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Appendix G 

Child Questionnaire Scale 
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Appendix H 

For “Simon Says” commands: 
0 = child fails to move, fails to complete the command 
1 = child performs a partial movement, starts and then stops before completing the 

command.  
2 = child performs the wrong movement 
3 = child performs full, correct movement, completes the command 
For commands WITHOUT “Simon Says”: 
0 = child performs full, commanded movement 
1 = child performs the wrong movement 
2 = child performs a partial movement, starts and then stops before completing the 
command. 
3 = child fails to move, does not do anything 
 
Simon Says Commands: Commands Without Simon says: 
 Full Wrong Partial  None  Full Wrong Partial None 
1. raise 
hands         

1 2 3 0 3. 
tummy 

0 1 2 3 

2. 
shoulders 

1 2 3 0 4. 
shake 
leg 

0 1 2 3 

5. stomp 1 2 3 0 6. flap 
arms 

0 1 2 3 

7. hug 1 2 3 0 11. 
head 

0 1 2 3 

8. stretch 1 2 3 0 12. 
clap 

0 1 2 3 

9. knees 1 2 3 0 13. 
hips 

0 1 2 3 

10. wave 
both 

1 2 3 0 17. 
shake 
leg 

0 1 2 3 

14. look 
side 

1 2 3 0 19. 
dance 

0 1 2 3 

15. yawn 1 2 3 0 24. 
step 
side 

0 1 2 3 

16. step 
side 

1 2 3 0 25. 
head 

0 1 2 3 

18. wave 
one 

1 2 3 0 27. 
look 
side 

0 1 2 3 

20. 
tummy 

1 2 3 0 30. 
raise 

0 1 2 3 
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hands 
21. flap 
arms 

1 2 3 0 33. 
wave 
both 

0 1 2 3 

22. shake 
leg 

1 2 3 0 34. 
yawn 

0 1 2 3 

23. 
stomp 

1 2 3 0 36. 
hug 

0 1 2 3 

26. clap 1 2 3 0      
28. hips 1 2 3 0      
29. 
shoulders 

1 2 3 0      

31. knees 1 2 3 0      
32. wave 
one 

1 2 3 0      

35. 
stretch 

1 2 3 0      

37. wave 
both 

1 2 3 0      

39. raise 
hands 

1 2 3 0  0 1 2 3 

40. 
stomp 

1 2 3 0  0 1 2 3 
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Appendix I 

Table 4.   
Simon says Activation & Inhibition trials by Technology and Distraction (Children meeting >=0.90 passing criteria) 
 Activation 

trialsa 

Inhibition trialsb Activation 

trials with 

distraction 

Activation 

trials without 

distraction 

Inhibition 

with 

distraction 

Inhibition 

trials without 

distraction 

All 

(N = 61) 

0.98 (0.03) 0.65(0.28) 0.98(0.04) 0.98 (0.04) 0.70(0.30) 0.60 (0.30) 

VR  

(n = 24) 

0.98 (0.03) 0.64 (0.30) 0.98(0.05) 0.98 (0.03) 0.60 (0.30) 0.60 (0.30) 

TV  

(n = 29) 

0.98 (0.03) 0.66 (0.27) 0.99(0.03) 0.98 (0.05) 0.70 (0.30) 0.60 (0.30) 

bactivation blocks with and without distraction have 12 trials in each, totaling in 24 activation trials 
cInhibition blocks with and without distraction have 8 trials in each, totaling in 16 inhibition trials 
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Appendix J 

 
Table 5.   
Children’s Reported Emotional and Physical Distress Levels 

Emotional Distress Levels (0-3) 

 Across Time Time 1 Time 2 Time 3 

Overall (N = 57)a, b 0.06 (0.18) 0.12 (0.26) 0.04 (0.14) 0.02 (0.10) 

VR (n = 31)a,b 0.07 (0.19) 0.12 (0.24) 0.06 (0.18) 0.02 (0.12) 

TV (n = 26)a,b 0.05 (0.18) 0.13 (0.28) 0.00 (0.00) 0.01 (0.07) 

Female children (n = 24) a,b 0.07 (0.20) 0.13 (0.26) 0.07 (0.20) 0.03 (0.14) 

     VR 0.12 (0.25)    

     TV 0.02 (0.12)    

Male children (n = 33) a,b 0.05 (0.17) 0.12 (0.26) 0.01 (0.06) 0.01 (0.06) 

   VR 0.03 (0.12)    
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   TV 0.07 (0.21)    

  Physical Distress Levels (0-3) 

 Across Time Time 1 Time 2 Time 3 

Overall (N = 57)a 0.10 (0.29) 0.15 (0.40) 0.13 (0.37) 0.21(0.51) 

VR (n = 30)a,b 0.11 (0.32) 0.07 (0.17) 0.06 (0.22) 0.19 (0.47) 

TV (n = 27)a,b 0.10 (0.25) 0.11 (0.26) 0.09 (0.25) 0.09 (0.25) 

Female children (n =27) a,b 0.16 (0.36) 0.14 (0.28) 0.15 (0.33) 0.20 (0.45) 

   VR 0.16 (0.39)    

   TV 0.17(0.33)    

Male children (n =30) a,b 0.05 (0.19) 0.04 (0.13) 0.01 (0.05) 0.09 (0.30) 

   VR 0.06 (0.24)    

   TV 0.04 (0.12)    
a N represents sample size at each time point   
b Data that were three standard deviations above the mean at each time point were removed 
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Appendix K 

 
Table 6.  
Mistakes made during Practice Simon Says Session 
 M(SD) Range 

Total sample 

(N = 61) 

0.97 (1.77) 0-10 

VR (n =32) 0.88 (1.31) 0-7 

TV (n = 29) 1.07 (2.19) 0-10 

Met passing criteria 

>=0.90 for activation 

trials 

0.94 (1.88) 0-10 

VR (n = 24) 0.79 (1.47) 0-7 

TV (n = 29) 1.07 (2.19) 0-10 
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Appendix L 

 
Images of Animals used in Go/No-Go Task  
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Appendix M 

Table 7. 

Mixed Effects Models of Children’s Performance during the Go/no-go Animal Game (meeting passing 

criteria) 

   

s2 b SE t p 

Accuracy on Go trials 

Model 1:  Technology * Distraction + Age  

      

Rando

m 

Participant Intercept 0.00     

Fixed Technology (TV) 

Distraction (No Distraction) 

Age (in months)  

Technology (TV) * Distraction (No 

  0.02 

0.03 

0.00 

0.02 

0.03 

0.02 

0.00 

0.03 

0.67 

1.37 

1.80 

0.58 

0.50 

0.18 

0.08 

0.57 
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Distraction) 

Accuracy on No-go trials 

Model 2:  Technology + Distraction + Gender 

      

Rando

m 

Participant Intercept 0.11     

Fixed Technology (TV) 

Distraction (No Distraction) 

Gender (Boy) 

  0.02 

0.02 

-0.10 

0.04 

0.02 

0.04 

0.66 

0.71 

-2.80 

0.51 

0.48 

0.01 

Mean Reaction Time (milliseconds) on “Hits” 

Model 3:  Technology * Distraction + Age 

      

Participant Intercept 15581     

Technology (TV) 

Distraction (No Distraction) 

  37.77 

-2.84 

37.30 

16.00 

1.01 

-0.18 

0.31 

0.86 
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Age (months) -5.48 1.92 -2.86 0.01 

Technology (TV) * Distraction (No 

Distraction) 

  -29.58 23.47 -1.26 0.21 
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Appendix N 

 
Table 8. 
Children’s Performance during the Go/No-go Animal Game (children meeting passing criteria) 

 

 Go trials 

Accuracy 

M(SD) 

No-go 

trials 

Accuracy 

M(SD) 

Correct 

Rejection  

False 

Alarm  

Hit  Miss  Reaction time 

(milliseconds) 

M(SD) 

Total 

Sample  

(N = 56) 

0.93 (0.09) 0.87 

(0.13) 

21.43%      

(n =730) 

3.49%  

(n =119) 

68.53%    

(n = 2334) 

6.55%  

(n = 223) 
773.70 (119.13) 

VR  

(n = 29) 

0.93 (0.09) 0.87 

(0.14) 

11.10%  

(n = 378) 

2.00 %  

(n =68) 

35.14%   

(n  =1197) 

4.32%   

(n  = 147) 
763.48 (138.25) 

TV  

(n = 27) 

0.94 (0.09) 0.87 

(0.13) 

10.33%    

(n = 352) 

1.50%  

(n = 51) 

33.38%   

(n =1137) 

2.23%   

(n = 76) 
784.70 (95.94) 
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Distraction 

Trials  

(n = 56) 

0.91 

(0.12) 

0.88 (0.14) 0.84 

(0.36) 

10.54% 

(n = 359) 

17.91% 

(n = 61) 

34.00%  

(n = 1158) 

3.64%  

(n = 124) 

793.95 

(141.47) 

No 

Distraction 

Trials  

(n = 57) 

0.95 

(0.07) 

0.88  

(0.15) 

0.86 

(0.34) 

10.89%  

(n = 371) 

17.03%  

(n = 58) 

34.53%  

(n = 1176) 

2.90%  

(n = 99) 

783.81 

(150.04) 



	 103	

Appendix O 

 
Figure 3. Bar graph with error bars (95% confidence interval) showing children’s 
mean accuracy during go trials in the Animal game according to technology used 
(VR/TV; between-participants) and trials with or without distraction (within-
participants).   
 

 
 
 
 
 
 

	  



	 104	

Appendix P 

 
Figure 4. Bar graph with error bars (95% confidence interval) showing children’s 
mean accuracy during no-go trials in the Animal game according to technology used 
(VR/TV; between-participants) and trials with or without distraction (within-
participants).   
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Appendix Q 

 
Figure 5. Bar graph with error bars (95% confidence interval) showing children’s 
mean accuracy during no-go trials in the Animal game according to technology used 
(VR/TV; between-participants) and children’s gender (boy/girl).   
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Appendix R 

 
Figure 6. Bar graph with error bars (95% confidence interval) showing children’s 
mean reaction time (milliseconds) to correct “hits” on go trials in the Animal game 
according to technology used (VR/TV; between-participants) and trials with or 
without distraction (within-participants).   
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Appendix S 

Table 9.  

Correlation between Simon says Outcome Variables 

N=53 Age 
(month) 

Practice 
mistakes 

Activation 
score  
all trials 

Inhibition 
score  
all trials 

Activatio
n score  
trials 
with 
distractio
n 

Inhibition 
score 
trials with 
distraction) 

Activation 
score  
trials 
without 
distractions 

Inhibition 
score  
trials 
without 
distraction 

Age (months) 1.00 -0.36** 0.19 0.40** 0.04 0.44*** 0.20 0.29 

Practice 

mistakes 

-0.36** 1.00 0.02 -0.67*** -0.01 -0.63*** 0.04 -0.58*** 

Activation 

score  

all trials 

0.19 0.02 1.00 0.16 0.63*** 0.21 0.72*** 0.09 

Inhibition 

score  

0.40** -0.67*** 0.16 1.00 -0.04 0.91*** 0.25 0.91*** 
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all trials 

Activation 

score  

trials with 

distraction 

0.04 -0.01 0.63*** -0.04 1.00 0.02 -0.08 -0.10 

Inhibition 

score 

 trials with 

distraction 

0.44*** -0.63*** 0.21 0.91*** 0.02 1.00 0.25 0.65*** 

Activation 

score  

trials without 

distraction 

0.20* 0.04 0.72*** 0.25 -0.08 0.25 1.00 0.21 

Inhibition 0.29* -0.58*** 0.09 0.91*** -0.10 0.65*** 0.21 1.00 
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score  

trials without 

distraction 

Attentional 

Focus 

(CBQa) 

-0.28* 0.14 -0.09 -0.08 -0.05 -0.03 -0.08 -0.12 

Shyness 

(CBQa) 

-0.04 -0.14 -0.03 0.08 -0.07 0.11 0.02 0.03 

Inhibitory 

Control 

(CBQa) 

-0.15 0.00 -0.03 0.09 0.00 0.16 -0.03 0.01 

a N = 52 

* p<0.05, **p<0.01, ***p<0.001 
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Appendix T 

 

Table 10.  

Mixed Effects Models for Children’s Performance during Simon says (meeting >=0.90 passing criteria) 
   

s2 b SE t p 

Activation trials 

Model 4:  Technology * Distraction  

      

Random Participant Intercept 0.00     

Fixed Technology (TV) 

Distraction (No Distraction) 

Technology (TV) * Distraction (No 

Distraction) 

  0.01 

0.00 

-0.02 

0.01 

0.01 

0.02 

1.07 

0.30 

-1.02 

0.29 

0.77 

0.31 

Inhibition trials 

Model 5:  Technology * Distraction + Age 
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Random Participant Intercept 0.05     

Fixed Technology (TV) 

Distraction (No Distraction) 

Age (months)  

Technology (TV) * Distraction (No 

Distraction) 

  0.01 

-0.01 

0.01 

-0.05 

0.08 

0.05 

0.00 

0.07 

0.12 

-0.13 

3.17 

- 0.74 

0.90 

0.89 

0.003 

0.46 
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Appendix U 

  

 
Figure 7.  Bar graph with error bars (95% confidence interval) showing children’s 
performance on activation trials during Simon says for children that met passing 
criteria (score =>0.90), according to technology used (VR/TV; between-participants) 
and trials with or without distraction (within-participants).  Higher scores demonstrate 
better performance and comprehension of the task. 
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Appendix V 

 
Figure 8. Bar graph with error bars (95% confidence interval) showing children’s 
performance on inhibition trials during Simon says for children that met passing 
criteria (score =>0.90), according to technology used (VR/TV; between-participants) 
and trials with or without distraction (within-participants).   
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Appendix W 

Table 11. 
Mixed Effects Models for Children’s Emotional and Physical Distress 
   

s2 b SE t p 

Emotional Distress 

Model 6:  Condition + Time  

      

Random Participant Intercept 0.01     

Fixed Technology (TV) 

Time (Time 2 post-Animal game) 

Time (Time 3 post-Simon says) 

Time (Time 2 post-Animal game versus 

Time 3 post-Simon says) 

  -0.02 

-0.09 

-0.11 

-0.03 

0.03 

0.03 

0.03 

0.01 

-0.60 

-3.29 

-3.95 

-4.18 

0.55 

0.001 

0.001 

<0.001 
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Physical Distress 

Model 7:  Technology + Time  

s2 b SE t p  

Random Participant                                   Intercept 0.05      

Fixed Technology (TV) 

Time (Time 2 post-Animal game) 

Time (Time 3 post-Simon says) 

Time (Time 2 post-Animal game versus 

Time 3 post-Simon says) 

  -0.01 

-0.01 

0.06 

-0.04 

0.07 

0.03 

0.03 

0.02 

-0.10 

-0.42 

1.80 

-2.22 

0.92 

0.68 

0.07 

0.03 
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Appendix X 

 
Figure 9. Bar graph with error bars (95% confidence interval) showing children’s 
reported emotional distress over time  (time 1 at baseline, time 2 post-Animal game, 
time 3 post-Simon says; within-participants) by technology used (VR/TV; between-
participants). 
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Appendix Y 

 
 
Figure 10. Bar graph with error bars (95% confidence interval) showing children’s 
reported physical distress over time (time 1 baseline, time 2 post-Animal game, time 3 
post-Simon says; within-participants) by technology used (VR/TV; between-
participants). 
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Appendix Z 

Table 12.  
Children’s Perception and Experience of Virtual Characters  

Visual Perception of Animals 

Did the animals look big? 

Condition Yes No A little bit  Sort of  Very  

VR  

(n = 32) 

35.00% 

(n=21) 

18.33%  

(n= 11) 

18.92%  

(n = 7) 

27.02%  

(n = 10) 

10.81% 

(n= 4) 

TV  

(n = 28) 

26.67% 

(n =16) 

20.00%  

(n =12) 

16.22%  

(n = 6) 

18.92% 

 (n = 7) 

8.11% 

(n = 3) 

Did the animals seem like they were standing close to you? 

VR  

(n = 32) 

31.67% 

(n =19) 

21.67%  

(n =13) 

9.09%  

(n = 3) 

15.15% 

 (n = 5) 

33.33% 

(n =11) 

TV  

(n = 28) 

23.33% 

(n =14) 

23.33%  

(n =14) 

6.06%  

(n = 2) 

9.09% 

(n = 3) 

27.27% 

(n = 9) 

Visual Perception of Grover 

Did Grover look big? 
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Condition Yes No A little bit  Sort of  Very  

VR  

(n = 32) 

39.34% 

(n=24) 

13.11%  

(n=8) 

11.36%  

(n=5) 

25.00%  

(n = 11) 

18.18% 

(n = 8) 

TV 

(n=29) 

32.79% 

(n =20) 

14.75%  

(n = 9) 

4.55%  

(n = 2) 

22.73%%  

(n = 10) 

18.18% 

(n = 8) 

Did Grover seem like he was standing close to you? 

VR 

(n=32) 

39.34% 

(n=24) 

13.11%  

(n=8) 

11.36%  

(n=5) 

25.00%  

(n=11) 

18.18% 

(n=8) 

TV 

(n=29) 

32.79% 

(n =20) 

14.75%  

(n =9) 

4.55%  

(n=2) 

22.73%  

(n=10) 

18.18% 

(n=8) 

Enjoyment (Animals) 

What is fun to play the Animal game?  

Condition Yes No A little bit Some A lot  

VR  

(n = 32) 

52.46 

(n = 32)  

0.00% 1.64%  

(n = 1) 

8.20%  

(n = 5) 

42.62% 

(n= 26) 

TV  47.54% 0.00% 1.64%  6.56%  39.34% 
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(n =29) (n = 32) (n = 1) (n = 4) (n =24) 

Would you like to play more games with the animals? 

VR  

(n = 31) 

33.33% 

(n=20)  

18.33%  

(n=11) 

0.00 %  

(n = 0) 

9.52%  

(n =4) 

38.10% 

(n=16) 

TV  

(n =29) 

36.67% 

(n=22) 

11.67%  

(n=7) 

7.14%  

(n = 3) 

2.38%  

(n=1) 

42.86%  

(n = 18) 

Enjoyment (Grover) 

What is fun to play with Grover? 

Condition Yes No A little bit  Some A lot  

VR 

(n=32) 

49.18%  

(n=30)  

3.28%  

(n=2) 

8.20%  

(n= 5) 

5.36 %  

(n=3) 

39.29% 

(n=22) 

TV 

(n=29) 

42.62% 

(n=26) 

4.92%  

(n=3) 

1.63%  

(n=1) 

5.36 %  

(n=3) 

39.29% 

(n=22) 

Would you want to play more games with Grover? 

VR 

(n=31) 

26.23% 

(n=16)  

26.23%  

(n=16) 

6.25%  

(n =2) 

6.25%  

(n =2) 

37.50% 

(n=12) 
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TV 

(n=29) 

21.31% 

(n=13) 

26.23%  

(n=16) 

6.25%  

(n =2) 

3.13% 

(n=1) 

40.63%  

(n =13) 

Ontological Understanding (Grover) 

Condition Score Alivea Can feel happy Can see thingsb  

 M(SD) Alive Not 

alive 

Yes No Yes No   

VR  

(n =32) 

2.06 

(0.73) 

15.00% 

(n=9) 

36.67% 

(n= 22) 

49.18% 

(n=30) 

3.28% 

(n=2) 

45.00% 

(n=27) 

8.33% 

(n=5) 

  

TV 

(n=29) 

1.97 

(0.82) 

13.33% 

(n=8) 

35.00% 

(n= 21) 

44.26% 

(n=27) 

3.28% 

(n=2) 

36/67% 

(n=22) 

10.00% 

(n=6) 
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Appendix AA 

 
Table 13. 
Children’s Verbal Responses to Grover Appearing, Greeting, and Asking Children 
to Come Closer to Him 

Condition 
VR TV 

“What?”  Then waved at Grover. “ Oh.” Smiled and pointed at TV screen. 

“Whoa!” Laughing.  “Do you see me?” “Should I go?” Looked at experimenter 

“He looks kind of big….Ah!” […] 

“Yay!” 

Giggled. 

“Whoooa, he’s growing!” […] “Hi!” “What’s that blue ball standing up like 

Gover?.[…] What? Oh.” 

“ I see him [Grover]!” “Oooh.” […] “What should I do?” Looks 

at experimenter.  

“Oooh.” “I see him [Grover].” 

“Whoa, that’s weird!” […] “ Hi, Grover! 

Hello!” 

“I see Grover. I can hear him” […] 

“Okay.” 

“ I see him [Grover]. Hi” […]  “Touch 

your head.” Spoken twice towards 

Grover. 
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Appendix BB 

 
Table 14. 
Comparison between Studies of Means and Standard Deviations of Simon says Performance  

 Activation Trialsa Score Inhibition Trialsa Score Not Meeting Passing 

Criteria 

Previous Study (Study 1) 

All (N = 45) 0.98 (0.03) 0.76 (0.20) 7 

VR (n = 21) 0.97 (0.03) 0.67 (0.21)** 5 

TV (n = 24) 0.98 (0.03) 0.83 (0.15)** 2 

Dissertation Study (Study 2): Across All Trials 

All (N = 53) 0.98 (0.03) 0.65 (0.28) 8 

VR (n = 24) 0.98 (0.03) 0.64 (0.03) 8 
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TV (n = 29) 0.98 (0.03) 0.66 (0.27) 0 

Dissertation Study (Study 2):  Distraction First Subsetb 

VR (n = 13) 0.97 (0.06) 0.65 (0.34)  

TV (n = 16) 1.00 (0.01) 0.75 (0.31)  

Dissertation Study (Study 2):  Distraction Second Subsetb 

VR (n =11) 0.99 (0.03) 0.63 (0.27)  

TV (n = 13) 0.98 (0.04) 0.62 (0.32)  

aFor children that met 0.90 passing criteria on activation trials 
b Inferential statistics were not run due to the small sample size 
*p<0.05, **p<0.01, ***p<0.001 between VR and TV within each study 
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Appendix CC 

 
Table 15. 
Study Comparison of Approach, Distress, and Demographic Information 

 Previous Study Dissertation Study 

 All VR TV All VR TV 

Approached 

Grover (Y) 

 28.85%* 9.62 % *  27.87% 18.03%  

Emotional 

Distressa,b 

 0.15 (1.98) -0.16 (1.38)  0.18 (1.29) -0.29 (0.00) 

Physical Distressa,b  -0.06 (0.78) 0.05 (1.19)  -0.05 (0.94) 0.09 (1.05) 

Age (month) 67.83 

(10.61) 

68.08 (10.59) 67.58 (10.83) 65.92 

(9.53) 

65.00 (9.86) 66.93(9.21) 

Female 48% 23% 25% 44% 23% 21% 

Male 52% 27% 25% 56% 30% 26% 

CBQ Subscales      
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Attentional Focus 5.22 (1.12) 5.34 (1.09) 5.10 (1.17) 5.07 (0.85) 5.11 (0.86) 5.03 (0.85) 

Inhibitory Control 5.02 (0.91) 4.94 (0.96) 5.10 (0.86) 4.92 (0.94) 5.00 (1.00) 4.84 (0.87) 

Shyness 3.49 (1.26) 3.36 (1.42) 3.60 (1.08) 3.53 (1.19) 3.73 (1.38) 3.33(0.94) 

Recognized Grover 

(Y) 

 27.08% 29.17%  23% 30% 

Data Collection       

Lab 44.3% 4%     

Museum 55.7% 96%     

aDistress levels measured before Simon says. In dissertation study, there was another task before Simon says. 
bNormalized (z-score) Scale items were different between two studies. Mean and standard deviation of pre-Simon says 
measurement scores used. 
*p<0.05, **p<0.01, ***p<0.001 between VR and TV within each study 
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Appendix DD 

 For the Simon says data, additional analyses were conducted to examine the 

effect of technology on children’s performances on Simon says inhibition trials at 80% 

and 70% passing criteria for activation trials.  The results are presented below.  First, 

linear regression models were used to analyze the effect of technology on children’s 

overall performance during inhibition trials (measure of inhibitory control) and then 

mixed effects models were used to analyze the effect of technology and distraction.  

The same models used in the 90% passing criteria (see Results section) were used for 

these additional analyses, and showed no differences in results compared to the 90% 

passing criteria.   

80% Passing criteria 

 No difference between girls (n = 27, M =0.69, SD = 0.29) and boys on overall 

performance on inhibition trials (n = 28, M = 0.60, SD = 0.28; t[53]= 1.17, p =0.25, 

Cohen’s d = 0.32).  A linear regression model with technology and age as covariates 

showed no difference between VR condition (n = 26, M = 0.62, SD = 0.31) and the TV 

condition (n = 29,  M = 0.66, SD = 0.27) on their overall mean score on inhibition 

trials (b = 0.02, t = 0.23, p = 0.82, R2 = 0.06).  There was a significant effect of age on 

children’s mean score (b = 0.01, t = 2.28, p = 0.03, R2 = 0.06), with better performance 

with increased age.  A mixed effects model tested the interaction between technology 

and distraction with age as a covariate.  Technology, distraction, and age were treated 

as fixed factors, and participant was treated as a random factor.  Results showed no 

effect of technology (b = 0.05, t = 0.59, p = 0.55), trials with (M = 0.66, SD = 0.31) or 

without distraction (M = 0.63, SD=0.31; b = 0.00, t = 0.03, p = 0.97), or an interaction 
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between technology and distraction (b = -0.06, t = -0.89, p = 0.38).  There remained a 

significant positive association between age and performance (b = 0.01, t = 2.35, p = 

0.02).  

70% Passing Criteria 

 There was no difference between girls’ (n =27, M = 0.69, SD = 0.29) and boys’ 

(n = 30, M = 0.59, SD = 0.27) performance on overall inhibition trial mean scores 

(t[53] = 1.27, p = 0.21, Cohen’s d = 0.34).  A linear regression model with technology 

and age as covariates showed no difference between VR condition (n = 28; M = 0.61, 

SD = 0.30) and the TV condition (n = 29, M = 0.66, SD = 0.27) on their overall mean 

score on inhibition trials (b = 0.03, t = 0.37, p = 0.71, R2= 0.06).   There was a 

significant effect of age on children’s mean score (b = 0.01, t = 2.30, p = 0.03, R2 = 

0.06) with better performance with increased age.  A mixed effects model tested the 

interaction between technology and distraction with age as a covariate.  Technology, 

distraction, and age were treated as fixed factors, and participant was treated as a 

random factor.  Results showed no significant effect of technology (b = 0.06, t = 0.75, 

p = 0.46), no significant difference between trials with or without distraction (b = 0.00, 

t = 0.09, p = 0.93), or an interaction between technology and distraction (b = -0.06, t = 

- 0.94, p = 0.35).  There remained a significant positive association between age and 

performance (b = 0.01, t = 2.36, p = 0.02).  
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Appendix EE 

 For those more familiar with repeated measures ANOVA, the results are 

presented below using repeated measures ANOVA.  Mixed effects models were 

determined to be more appropriate test used for the data and thus were the main focus 

of the dissertation analyses.  The following tests reflect the same data and models used 

in the main data analyses (i.e., using mixed effect models).    

Animal Game Performance on Go Trials 

 A two-way repeated measures ANOVA was used to analyze the interaction of 

technology and distraction on accuracy during go trials, with age added as a covariate 

to the model. The results showed a nearly significant effect of age on children’s 

accuracy on go trials, with increased performance with increased age (F[1, 103] = 

3.70, p = 0.06). There was no significant effect of technology on children’s accuracy 

on go-trials (F[1, 103] = 2.34, p = 0.13).  In addition, there was no effect of distraction 

(F[1, 103] =0.00, p =0.98, ) and an interaction between distraction and technology on 

children’s accuracy during go trials (F[1, 103] = 0.19, p =0.66).   

Animal Game Performance on No-go Trials   

 A two-way repeated measures ANOVA was used to analyze the interaction of 

technology and distraction on accuracy during no-go trials, with children’s gender 

(i.e., girl, boy) added as a covariate to the model. The results showed a nearly 

significant effect of children’s gender on performance on no-go trials, with boys 

having lower accuracy (M = 0.85, SD = 0.17) than girls (M =0.91, SD = 0.20; F[1, 

105] = 4.00, p = 0.05).  There was no significant effect of technology (F[1,105] = 

0.49, p =0.49), no significant effect of distraction level (F[1,105] = 0.00, p =0.99), and 
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a significant interaction effect between technology and distraction (F[1,105] = 0.01, p 

= 0.93).   

Animal Game Reaction Time on Successful Hits  

 There was a significant effect of children’s age on reaction time on successful 

hits (F[1, 106] = 12.76, p = 0.001).  There was no significant effect of technology used 

(F[1, 106] = 0.00, p = 0.99), no significant effect of distraction (F[1]= 0.04, p = 0.85), 

and no significant an interaction effect between technology used and distraction (F[1, 

106] = 0.16, p = 0.69).   

Performance on Simon says Activation and Inhibition Trials   

 There was no significant effect of technology on children’s performance 

during activation trials (F[1,100] = 0.23, p = 0.63).  The results showed a nearly 

significant effect of distraction on children’s performance during activation trials 

(F[1,100] = 3.61, p = 0.06).  There was no significant interaction between technology 

and distraction (F[1,100] = 0.70, p = 0.41).  There was no significant effect of 

technology on children’s performance on inhibition trials (F[1,99] = 0.07, p = 0.80) 

and no significant significant effect of distraction (F[1,99] =0.62, p = 0.43).  Results 

showed no significant interaction between technology and distraction on children’s 

performance on inhibition trials (F[1,99] = 0.16, p = 0.69).  There was a significant 

effect of age on children’s performance on inhibition trials, with increase score with 

increased age (F[1,99] = 13.79, p <0.001).   

Physical and Emotional Distress 

 There was no significant effect of technology on children’s reported physical 

distress (F[1, 164] = 0.00, p =0.98), and no effect of time on children’s reported 
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physical distress (F[2, 164] = 0.05, p = 0.96).  There was no significant effect of 

technology on children’s reported emotional distress levels (F[1,164] = 0.21, p = 0.65) 

and no significant effect of time on reported distress levels (F[2, 164] = 0.93, p =0.40) 
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