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 ABSTRACT  

Conversations about children and interactive virtual technology (IVT) use vary 

significantly across disciplines. Discussions about computers, video games, the Internet 

and, more recently, mobile applications, range from those confident digitally-rendered 

experiences enhance creativity and promote IT proficiency, to those more circumspect 

about moving too far from the physical world, and the implications of such moves for 

how children play, develop, and learn. One red thread appearing throughout much of the 

literature on children and IVT use is a call for young people to be creators and not just 

consumers of computer culture, producers and not just participants in the virtual worlds 

they inhabit: it is really a call for technology interactions that support children’s creative 

agency.  A second dominant thread is the call for empirical studies to address the 

benefits of moving activity from physical to virtual spaces.  Both threads are woven 

together in this experimental study. 

 
The research presented here may be groundbreaking on several levels.  First, it 

compares similar physical and virtual activity to determine the effects of mode on 

creativity and agency perceptions. No other known study has made such a comparison.  

Second, it brings children’s self-perceptions to the study of virtual play activity so that 

we might better understand the implications of transferring different types of activities 

from physical to virtual spaces on concepts of self, considered important to overall 

cognitive development and academic success.  Third, it addresses surprising gender 

differences found for both creativity and agency perceptions.  Finally, it introduces the 

Creative Agency Model (CAM), a cross-disciplinary framework and formula for how we 

might approach the study and enrich the design of interactive virtual technology going 

forward. 
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1. Introduction  

To a greater extent than for any other species, human beings create the 
environments that shape the course of human development. Their actions 
influence the multiple physical and cultural tiers of the ecology that 
shapes them, and this agency makes humans – for better or worse – active 
producers of their own development  (Urie Bronfenbrenner, 2005, 
Making Human Beings HUMAN: Bioecological Perspectives on Human 
Development, p. xxvii). 

The child still scrawls and daubs on his schoolbooks, even if he is 
punished for this crime, he has made a space for himself and signs his 
existence as author on it (Michel de Certeau, The Practice of Everyday 
Life, 1984, p. 31). 

In The Practice of Everyday Life (1984), de Certeau turns attention away from 

producers of popular culture to consumers and what consumers make or do with media 

artifacts. He argues for the illumination of everyday practices or ways of doing things 

often embedded in the obscure background of social activity to reveal “the secondary 

production hidden in the process of [sic] utilization” (p. xiii).  Accordingly, de Certeau 

maintains the importance of formulating theory, research questions, methods, and 

perspectives that make it possible to articulate these types of interactions.   

Nearly three decades have passed since he penned The Practice of Everyday Life, 

and in that time we have been witnessing a technological revolution that has turned the 

consumer culture de Certeau describes upside down. It is so vast and its implications so 

complex it may never be fully fathomed. What was once a mass media, top-down culture 

is now a consumer-turned-prosumer or “produsage” driven culture (Bruns, 2007, 2008; 

Herz, 2002; Tapscott & Williams, 2006) in which everyday people make and do things 

with technology artifacts every day.  Production is now a primary process; no longer 

obscured by social activity, it is social activity. 

What has not changed, however, since 1984, is the importance of formulating 

theory, questions, methods, and perspectives to understand and articulate the effects of 

our interactions with new virtual media, including Internet sites, video games, mobile 

                                                
 Portions of this chapter previously appeared as: Spina-Caza, L. (2010). When girls go online to play:  
Measuring and assessing play and learning at commercial websites. In S. Mazzarella (Ed.), Girl Wide Web 
2.0 (pp.  223-244).  New York, NY: Peter Lang Publishing, Inc. 
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applications, open source platforms, and other emergent technology yet to be known.  It 

is especially important we understand the effects of virtual technology on young people, 

as they are, to use de Certeau’s words, a dominated element in society. 

In her foreword to Girl Wide Web 2.0, Dafna Lemish (2010) observes,  

The limited range of representations of childhood, to date, in all cultural 
and media forms, means that not only are children absent but so, too, are 
expressions in their own voices, of their concerns, interests, views, 
pleasures, etc., as well as exemplars of children’s agency in these media 
(p. xi).   

Young people do not create the environments they inhabit, nor do they design the 

everyday artifacts or objects used in homes and schools.  The spaces in which young 

people grow, develop, and learn, and the activities they participate in are, for the most 

part, designed, scripted, or selected for them by adults (Hakkarainen, 1999).  In this new 

virtual culture it is critical to both give voice to, and represent, children and youth who 

are not yet able to understand the significance of moving real-world activity to simulated 

worlds; who play mostly in virtual sandboxes, and may never experience the feeling of 

cool, gritty sand slipping through their fingers. 

1.1 Problem statement   

The research on children and interactive virtual technology1 (IVT) use is abundant 

and diverse, emerging from numerous fields of interest, including cognitive science, 

human computer interaction (HCI), video game studies, developmental and ecological 

psychology, literacy, and communication studies – to name a few.  Conversations range 

from those suggesting new technology environments can enhance creativity, promote IT 

literacy and proficiency, and empower children to be programmers in their own right 

(Committee on Information Technology Literacy and National Research Council, 1999; 

                                                
1 Interactive virtual technology (IVT), as it is used in this research, is a more inclusive term for activity 
that happens in Internet or web environments, video games, and/or other digital play spaces.  Information 
technology (IT) and information and communication technology (ICT), while often used to describe 
technology in the context of computers and communication, or the management of information do not, for 
this author, conjure up playful activity. Virtual reality (VR) or Virtual reality environment (VRE) were 
also considered; however, these are (for now) also associated with specialized, highly immersive, 3D 
environments, and simulations, which are less accessible to the many or general public.  IVT is a term that 
leaves room for a variety of digital activity, and as activity is the focus of this research, serves its purpose 
well. 
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Hayes, 2008a; Kafai, 2006; Livingstone, 2003, 2008; Loveless, 2007; Papert, 1980, 

1993; Turkle, 1984, 2005), to those more circumspect about transferring activity to 

virtual worlds, thereby diminishing multi-sensory experiences that enrich interactions 

with the physical world (Antle, 2007a, 2007b; Dourish, 2004; Eisenberg & Buechley, 

2008; Healy, 1998; Ishii, 2007, 2008; Ishii & Ullmer, 1997; Jones, Minogue, Tretter, 

Negishi, & Taylor, 2006; Klemmer, Hartmann, & Takayama, 2006).   

In some of the discussions about children and IVT use, young people are couched as 

content contributors who create fan fiction, produce videos for YouTube, and “mod” or 

modify video games as they shape their own game experiences in complex virtual 

environments (Gee, 2007a, 2007b; Jenkins, 2007; Lenhart & Madden, 2005; Marsh, 

2005; Mazzarella, 2005, 2010).  Still others address concerns attached to video game 

play and Internet use, such as content, safety, identity, access, and the erosion of agency 

imposed by consumer culture (Grimes & Shade, 2005; Livingstone, 2003, 2006; 

Mazzarella, 2010).   

One red thread appearing throughout much of the contemporary literature on 

children’s IVT use is the call for young people to be creators and not just consumers of 

computer culture, producers and not just participants in the virtual worlds they inhabit.  

According to Jackie Marsh (2005), who studies digital literacy and media, “Although 

children’s culture is often shaped by adults and taken up by children (or not, as the case 

may be) in various ways, children also create their own, child-centered cultural 

practices” (p. 3).   

In fact, notions of both creativity and agency permeate much of the research 

concerning children and IVT use. As children’s technology researchers Druin, Bederson, 

Boltman, Miura, Knotts-Callahan, & Platt (1999) point out, young people want to feel 

that they are in control of a virtual environment, to make choices about what they do and 

when they do it, and to have the ability to choose from a variety of activities. Among 

other things, they maintain children want expressive tools that enable them to tell stories 

or build things.   

A second dominant thread in the literature on children and IVT use is the call for 

research to address the benefits of moving activity from physical to virtual settings.  

Across disciplines there is agreement: empirical studies examining the effects of play in 
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virtual spaces, including video games and the Internet, are long overdue.  Roussou, 

Oliver, and Slater (2008), who use activity theory to evaluate behavior in virtual settings, 

comment, “To date, very few efforts exist that explore the value of interactive virtual 

environments and applications, especially the added value that these can bring to 

children’s learning” (p. 142).  Sonia Livingstone (2006), who has conducted large-scale 

studies on children and Internet use, also points to the need for research that articulate 

the advantages of Internet use, writing:   

For example, much work has tracked the diffusion of computer and 
Internet-base technologies into the home and classroom, but little work 
has examined, let alone demonstrated unequivocally, the positive benefits 
this has for educational achievement (p. 220).   

Concerns about losing “touch” have inspired an entire subfield of HCI research 

devoted to the development of tangible technology that bridges the worlds of atoms and 

bits (Ishii & Ullmer, 1997; Ishii, 2007, 2008).  Many compelling arguments have been 

made for coupling physical and digital objects to enhance creativity and cognition, but as 

some working in the field of tangible design suggest, there is a need for research that 

proves positive connections (Zaman, Abeele, Markopoulos, & Marshall, 2009).  

Marshall (2007), whose research interests include interaction design, writes, “Empirical 

studies that compare the effects of physical and non-physical versions of the same task 

are surprisingly uncommon” (p. 167).   In the few studies that have compared similar 

physical and virtual activity, including at least one that also compared tangible 

interactions, only a small number of differences have been identified based on mode 

(Klahr, Triona, & Williams, 2007; Xie, Antle, & Motamedi, 2008). 

While discussions about young people and IVT use have led to a variety of 

approaches for the design and evaluation of new media technology, the space for 

empirical research remains wide open.  One particular area that has been overlooked and 

worth exploring, is identifying ways to assess the effects of moving activity from 

physical to virtual environments on creative agency perceptions.  If perceptions of 

creative ability are influenced by how an activity is performed – physically or virtually – 

it would have significant implications for a developing child, as conceptions of ability 

affect both thought processes and performance attainment (Bandura, 1993), and are 

integral to healthy development overall.    
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1.2 Purpose of the study 

Why explore young people’s perceptions of their own creative agency in physical 

and virtual play?  Co-founder of the Head Start program, known for his bioecological 

theory (BTD) of development, Urie Bronfenbrenner (1981) defines development in 

terms of a “person’s evolving conception of the ecological environment, and his [or her] 

relation to it, as well as the person’s growing capacity to discover, sustain, or alter its 

properties” (p. 9). He suggests young people are participants in their own developmental 

processes, and that a child’s “emerging perceptions and activities are not merely a 

reflection of what he [or she] sees but have an active, creative aspect” (p. 10).   

Dr. Angeline Lillard (2007), director of the Early Development Lab at the 

University of Virginia, agrees that a young person’s capacity to exercise choice and 

control over his or her environment can significantly influence learning, technical skill, 

and creativity.  She observes “Research on having choice and control over one’s 

environment shows that the provision of choice and a sense of control has positive 

consequences for both cognitive and emotional functioning” (p. 90).  Lillard further adds 

people of all ages, from infants to older adults, “show higher degrees of emotional well-

being and higher levels of performance when they have a sense of being able to control 

their environment and tasks” (p. 90).     

Creativity and agency perceptions are considered to be essential to a young person’s 

ability to see available choices or possibilities (Craft, 2000), and to recognize and realize 

his or her potential (Bandura, 1997; Markus & Nurius, 1986).  Agency, in the form of 

self-efficacy beliefs, may also predict and determine “the level of accomplishment that 

individuals finally attain” (Pajares, 2005, p. 298).  Ronald A. Beghetto (2010), who 

studies creativity in the classroom, suggests positive creative efficacy beliefs are linked 

to “a variety of positive beliefs and outcomes, including students’ motivational beliefs 

and academic aspirations” (p. 457).  Albert Bandura (1997), an early advocate of social 

cognitive theory (SCT), identifies personal efficacy as a key factor of human agency and 

necessary for goal attainment:  

The human mind is generative, creative, and proactive, not just 
reactive….People bring cognitive productions into being by the 
intentional exercise of personal agency.  Intentionality and agency raise 
the fundamental question of how people actuate the cerebral processes 
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that characterize the exercise of agency and lead to the realization of 
particular intentions (p. 5). 

Kuutti (1996), who studies activity theory (AT) in the context of interaction design, 

notes “Psychologically, activity theorists believe that participation in different activities 

is the major factor in creating consciousness and shaping personality” (p. 30).  Creativity 

and agency are central concerns of activity theorists who study the role of human 

intentions in activity mediated by computer technology  (Kaptelinin & Nardi, 2006; 

Tikhomirov, 1999).  Tikhomirov (1999), for example, points out human creativity can be 

extended in part through our dialogue with computers. 

Engeström (1999) suggests the concept of mediation has a defining role in studies 

exploring how people can gain control over artifacts and their future.  He writes, "When 

Vygotsky formulated his idea of mediation, he was very conscious of the revolutionary 

implications concerning control” (p. 29). According to Engeström (1999): 

The idea is that humans can control their own behavior – not “from the 
inside” on the basis of biological urges, but “from the outside,” using and 
creating artifacts. This perspective is not only optimistic concerning 
human self-determination, it is an invitation to serious study of artifacts 
as integral and inseparable components of human functioning (p. 29). 

Researchers in the fields of ecological development and psychology, social 

cognitive theory, and activity theory provide ample reason for exploring young people’s 

creativity and agency perceptions as these emerge through activity in physical and 

virtual environments.    

The purpose of this study is to investigate whether young people’s perceptions of 

their own creative abilities shift in either positive or negative directions in the 

performance of similar activities in physical or virtual environments using material or 

digital affordances. Do “clicks,” indicating virtual interactions, or “bricks,” signifying 

physical interactions, alter children’s creative agency perceptions? Does gender matter? 

If significant differences are found among mode, gender, and perceptions, what might 

the implications be for how we both design and use children’s technology?   

We study the properties of children’s physical environments – i.e., classrooms and 

daycare centers – to determine whether or not these support cognition and healthy 

development.  We look carefully at playground equipment to ensure children’s safety. 
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We examine the positive health benefits associated with physical activity for young 

people. We apply rules and regulations to protect youth as they interact together in 

contact sports. We need to bring this same sort of scrutiny to children’s experiences with 

virtual worlds.    

1.3 Prior Work 

The experimental study conducted for this research was informed by two earlier 

studies. The first was a pilot study that explored play activity at two popular, commercial 

websites to discover what types of things children can create, make, or do online – the 

sorts of creative pursuits identified with both informal learning and healthy 

development. Since play takes a leading role in a child’s development (Vygotsky, 1978), 

the study of play in virtual environments is essential to our understanding of how IVT 

use is changing the way children develop and learn. As Vygotsky explains: 

Play creates a zone of proximal development of the child.  In play a child 
always behaves beyond his average age, above his daily behavior.…play 
contains all developmental tendencies in a condensed form and is itself a 
major source of development  (p. 102).  

In the pilot research, we discovered that while there were several opportunities for 

children to express themselves creatively available at the websites analyzed, the children 

who took part in the study did not frequently participate in these types of activities. It 

was also found that the types of creative activities the children who participated in the 

study said they enjoyed doing when playing online, and what they actually did, were 

very different things.   

These early findings suggested it might be necessary to complement the study of 

play activity by also examining subjective experience as it emerges in the performance 

of play. Identifying opportunities for creative play, or drawing inferences from activity 

in order to understand what types of play children engage in, only tell us part of the 

story. According to Wachs (1991), who also researches development in the context of 

environment, a child’s perceptions may be more important to developmental outcomes 

than objective reality.   

In a second exploratory study, it was decided it would be useful to investigate 

children’s interactions with both physical and virtual games and toys to see how 
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perceptions might differ based on medium or mode. Play behavior was observed, 

informal interviews were conducted, and a brief survey was administered to discover 

whether differences in feelings of creativity and control emerged through these various 

types of activity. Both studies, described in greater detail below, were instrumental in 

shaping the current research. 

1.3.1 Pilot study:  Assessing and measuring play at two children’s websites  

The first study explored ways Internet play supports imaginative or constructive 

play associated with learning and development (Piaget, 1962; 1970; Vygotsky, 1978), 

and how we might measure and assess the ways children engage in play online at 

commercial websites.  The purpose of the early study was to identify which activities 

young people participate in most frequently when playing on the Internet, and to 

discover whether these activities support the expressive and constructive sorts of play 

recognized as the kinds of play children say they prefer (Druin et al., 1999). 

The web activities of my three daughters2 – ages seven, nine, and 12, at the time – 

provided both the inspiration and impetus for the pilot research. The websites selected 

for the study – Webkinz.com and Millsberry.com3 – were ones where my children were 

already playing. Two of my children gave their consent to have play sessions recorded 

using computer screen capture technology.4 All three agreed to make a list of all of the 

things they did or liked to do when playing at the two sites, and took part in both 

informal discussions and demonstrations of the various activities available at the two 

sites.  

Research methods used to examine how play unfolds online were derived from 

methods associated with the collection, coding, and analysis of verbal streams of data 

(Geisler, 2004). Verbal data analysis is a methodology for exploring and describing 
                                                
2 Working with one’s own children in research is not unusual.  Linguists, for example, have observed their 
own children to study how language skills develop.  Child development theorists also study the behaviors 
of their own children. Jean Piaget (1962 1970) worked with his children to explore the implications of 
childhood play on a developing child, and the ways in which young people both perceive and organize 
their experiences.  
3 Millsberry.com, a virtual city created by General Mills and marketed on the back of cereal boxes, was 
online from 2004 and 2010.  The website shut down as of December 31, 2010. 
4 For the pilot study conducted with my children, I received written consent from my daughters, and their 
father. As these were my own children, and the study was conducted for a graduate course and not 
originally intended for publication, IRB approval was not obtained.   
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streams of language with the goal of “building a descriptive analysis that can be 

articulated, makes sense, and is reliable” (p. xiii).  It is also a method consistent with 

media content analysis used to determine, for example, the relative frequency of 

television violence.  Once data is collected, it can be segmented into units appropriate 

for analysis and used to identify the level at which the phenomena of interest occur.  In 

this instance, verbal data analysis techniques were applied to the analysis of visual data, 

and activity or “a” units were segmented and analyzed to identify the range, types, and 

frequency of activities children engaged in during play at the two websites.   

The results of this early study show that although the girls reported a preference for 

the activities that allowed them to be creative, i.e., designing tee shirts for their avatars, 

composing music, and making movies, their actions told a different story.  While 

opportunities for creative and contributive play existed at both Webkinz.com and 

Millsberry.com, the children did not engage in these activities with any frequency, at 

least not during the play sessions recorded and coded for the pilot study.  Instead, screen-

capture recordings show the girls participating mostly in arcade-like play or games of 

chance to accumulate virtual “cash” so they could buy things (food, clothing, furniture, 

etc.) for their virtual avatars or pets.  The finding is not unusual for two reasons.  First, 

as Druin (2002) observes, “Children are extremely honest in their feedback and 

comments concerning technology, but much of what they say may be in their actions and 

therefore, needs to be interpreted within the context of concrete experiences” (p. 2).   

And second, as Hayes (2008a) found out in a study she conducted on content 

creation: 

While gaming may be pervasive, game content creation is not. Less than 
half of respondents who gamed reported engaging in any kind of content 
creation. In addition, content creation varied significantly across different 
groups. Perhaps most clearly, just as gaming itself is a gendered practice, 
content creation is also gendered. While many girls are now gaming, they 
were much less likely than boys to engage in any kind of content creation 
(p. 103). 

Two noteworthy things came to light in the early study. First, what children 

perceive they like to do may not always match what they actually do when playing in 

virtual environments. And second, looking at activity alone, while useful for 

understanding how youth interact with popular Internet websites (i.e., identifying the 
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range or types of activities engaged in most frequently), cannot give a complete picture 

of what happens in virtual play nor does it explain the potential effects of such play on a 

developing child. Subjective experiences, or how children perceive the activities in 

which they participate online or in video games, might prove to be critical to our 

understanding of what happens during IVT use. Most importantly subjective feelings or 

self-perceptions formed in this sort of activity may, as Bronfenbrenner (2005) would 

argue, “contribute in powerful ways to shaping the course of development in the future”  

(p. 5).   

1.3.2 Creativity and control perceptions in physical and virtual play 

The second exploratory study was conducted as a series of six, two-hour “Fun and 

Games” workshops within the context of an afterschool 4H program.  Fifteen children, 

in grades four through seven participated, including five boys and 10 girls between the 

ages of nine and 12.  The workshops were held in an elementary school science 

laboratory. During the six sessions, participants were invited (but not required) to move 

between play stations and try out various physical and virtual games.  Hand-written play 

observation notes, informal interviews, and a “Wrap-up Survey” were used to collect 

play data. 

The hands-on board games and construction toys used in the study were matched to 

like video games for both the PC and Wii video game platforms.  For example, the 

physical board games “Cranium” and “Cadoo” (a version of “Cranium” for younger 

children), and the video game “Kabookii” for the Wii, also based on the “Cranium” 

board game, were selected for this study.  All three are guessing or puzzle games that 

include creative activities such as acting, sculpting, and sketching.  Physics games were 

used in the study as well, including  “Professor Heinz Wolff’s Gravity” (or “Gravity”) – 

a virtual marble run – available as both a PC and a Wii video game, and a physical 

marble run and construction toy, the “Chaos Tower.”  Wooden blocks for building up 

and knocking down towers, and a video game with similar features, “Boom Blox,” were 

also available. 

Several things emerged in the exploratory study worthy of mention. During informal 

interviews conducted during the workshops, the board games and physical construction 
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toys were identified as being most supportive of creative play.  Surprisingly, video 

games were not mentioned at all in the interviews as offering opportunities to be 

creative.  When asked which games afforded greater control over play activity, the 

responses were not as cut and dried. Eight of 13 participants interviewed (two boys and 

six girls) reported feeling more in control when playing with physical objects, and five 

(two girls and three boys) responded feeling more in control during video game play.   

At the end of the six workshops, participants were asked to fill out a “Wrap- Up 

Survey” identifying which games or toys they perceived allowed them to be more 

creative, and which afforded more control over play activity. The questions were 

designed to elicit children’s perceptions of their own creative agency when playing 

physical and/or virtual games.  All of the questions followed the same design:  “When I 

played Kabookii on the Wii I could be really creative” or “When playing Kabookii on 

the Wii I felt I had a lot of control over what I was doing.”  Response choices were 

scaled as follows: “agree a lot,”  “agree a little,”  “not sure,” “disagree a little,” and 

“disagree a lot.” 

Responses to the “Wrap-up Survey” conducted at the end of the study were also 

mixed.  Of the 13 children who participated in the survey, 84.6 percent agreed the 

physical marble – the “Chaos Tower” – allowed them to be creative, and 76.9 percent 

reported feeling they had more control over what they were doing when playing with the 

tower.  The PC version of the “Gravity” video game came in a close second, with 76.9 

percent of the study participants responding that it allowed them to be creative, and 76.9 

percent responding it made them feel more in control.  Interestingly, only 30.8 percent of 

the participants who played “Gravity” using the Wii indicated that they felt more 

creative, and just 23.1 percent felt in control of their play.  In one of the informal 

interviews conducted for the study, an 11-year-old boy indicated he felt he had the least 

control over the Wii games because the Wii remote is not “balanced” and “finding the 

sensor is kind of hard” (L. Spina-Caza, informal interview notes, March 8, 2011).  He 

also noted the PC version of “Gravity” allowed for greater control because the mouse is 

more precise.    

While the exploratory study did not specifically look for gender differences, due to 

the unequal numbers of boys and girls, the observation notes indicate girls and boys 



 

      12 

played differently with the physical and virtual games and toys.  A few of the boys freely 

shared hints to help other boys and girls figure out how to solve puzzles or what to do in 

video games.  Boys also took charge of physical, hands-on building activities, and were 

more likely to improvise how they built the “Chaos Tower.”  Girls were more apt to 

construct the  “Chaos Tower” according to the directions, and sometimes found 

themselves in the role of “helpers” or prevented from actively participating in the 

building process.  In the observation notes, one 10-year-old girl was observed: 

Working silently, following directions, trying to build the [Chaos] tower.  
Boys excluded her. Girl offers to help get pieces; boys say they don’t 
need help. She continually tries to be included in the building process. 
Boys let her get certain pieces for them. She wants to help but doesn’t 
know how. She observes as the boys build it (L. Spina-Caza, observation 
notes, March 1, 2010). 

The purpose of the exploratory study of physical and virtual play activity was to 

inform the design of the experimental study.  The mixed findings suggested it might be 

beneficial to find some way to operationalize creative agency. To this end we looked at 

different psychometric measures that could be used to assess both creativity and agency 

perceptions as these emerged through similar physical and virtual play.  We also decided 

to choose only one activity or task to be performed either physically or virtually, and to 

calculate creativity and agency perceptions before and after the task was accomplished 

to see if any shifts in perceptions occurred.   

Several changes were made in the design of the experimental study to address 

potential confounds that emerged in the exploratory study:  

1) Already tested or existing survey instruments would be used to measure 
creativity and agency perceptions to see if results support the exploratory 
findings; 

 
2) Subjects would be randomly selected to participate in either the physical or 

virtual treatment, but not both; 
 
3) The virtual task would be performed using a PC, not the Wii, since 

perceptions of play using the Wii controller were not as positive; 
 
4) Equal numbers of girls and boys would take part in the study; 

 
5) Groupings would be made by gender. 
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The research questions below were inspired by the two earlier studies and help to 

further define the problem space.  A more comprehensive discussion of the design of the 

experimental study that was conducted for this research appears in the Methods section.   

1.4 Research Questions 

The central or core questions driving this research are: Is there a relationship 

between how an activity is performed and children’s perceptions of creative agency?  

And, Does gender matter? 

Before we can understand what the potential implications or effects are of moving 

activity from the material world to the virtual, or when or why it might be useful or 

beneficial to either virtualize or concretize activity, we need to establish whether or not 

there exits a relationship between mode and activity. Research questions one through six 

(RQs 1-6) compare the effects of physical and virtual activity on creativity and agency 

perceptions; consider differences in perceptions based on how an activity is performed, 

with either physical or virtual affordances; and explore potential associations between 

mode and gender. 

The Research Questions 

RQ1: What are the effects of physical activity on children’s perceptions 
of creativity?   

RQ 2:  What are the effects of virtual activity on children’s perceptions of 
creativity?  

RQ3: What are the effects of physical activity on children’s perceptions 
of agency?  

RQ4: What are the effects of virtual activity on children’s perceptions of 
agency?  

RQ5: How do the effects of physical activity on children’s creative 
agency perceptions differ from the effects of virtual activity on children’s 
creative agency perceptions?  

RQ6:  Is gender associated with creative agency perceptions based upon 
how an activity is performed?   
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The first four research questions address the variables most commonly associated 

with both creativity and agency for the two experimental conditions. Question five 

explores how creative agency perceptions between the two conditions differ, and 

question six is concerned with associations between gender and creative agency 

perceptions.  All of the factors and variables are outlined below in Table 1.   

The dimensions or factor orientations measured for this study are representative of 

the commonly agreed upon characteristics found in the research on creativity and 

agency. The research questions are intended to contribute to our understanding of how 

creativity and agency perceptions might be formed through physical or virtual activity. 

Subjective experiences, or self-perceptions that emerge through activity performance, 

can enrich our understanding of how virtual environments support young people’s 

creative agency on the whole. 
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Table 1.  Creativity and agency dimensions and variables 

 

 

 

 

 

 

 

 

 
Creativity 
Factors: 

 
Factor Variables – 
Creativity 
 

 
Agency Factors: 

 
Factor Variables –    
Agency 
 

 
SAM1: 
Environmental 
Sensitivity 

 
- Openness to ideas; relates 
ideas to what can be seen, 
touched, or heard; sensitive 
to meaningful relations 

 
SAM2: Initiative 

 
- Directs others/plays leading 
roles; produces new 
formulas or products; brings 
about changes in rules or 
ways things are done 
 

SAM4:  
Intellectuality 

- Enjoys challenging tasks; 
intellectual curiosity; 
imaginative; likes to 
reconstruct things and 
ideas; dislikes doing things 
the way others require 
 

SAM3: Self-strength - Sureness of own talents; 
finds new ways to do things; 
takes risks; desires to do 
better; organizational ability 

SAM5: Individuality - Preference for working by 
self; starts and continues 
projects on own; thinks for 
self; considered different by 
others; works for long 
periods of time without 
getting tired 
 

WK2: Self-
confidence 

- Sure of oneself, full of 
energy; gets along well with 
others; wants to learn or 
know; finishes task at hand; 
remembers well 

WK5:  Disciplined 
Imagination 

- Full of energy; imaginative; 
never bored; tries difficult 
tasks; prefers tasks that are 
challenging; does not give 
up easily; finishes tasks at 
hand, works hard; 
adventurous 

WK3: Inquisitiveness - Always asking questions; 
feels strong emotions; talks a 
lot, demands recognition; 
insists on rights, is obedient 
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1.5 Theoretical framework 

When studying IVT use by young people it may be necessary to take a 

multidisciplinary approach that considers not only how technology supports creative 

activity from an HCI or a design perspective, but also how it supports human agency and 

psychological development overall (Druin, 1999; Druin et al., 1999; Freidman & Kahn, 

1992; Friedman & Nissenbaum, 1997; Kaptelinin & Nardi, 2006; Kuutti, 1996; 

Tikhomirov, 1999).   

Three key theories inform this research – the bioecological theory of development 

(BTD), social cognitive theory (SCT), and activity theory (AT) (Bandura, 1997; 

Bronfenbrenner, 2005; Kaptelinin & Nardi, 2006; Tikhomirov, 1999).   All three 

theoretical approaches acknowledge: 

• creativity occurs through everyday activity with people and 
artifacts in pursuit of goals, desires, or intentions;   

• individuals both shape and are shaped by the changing properties 
of environment; and  

• individual, historical, and sociocultural influences support or 
constrain creative agency, and influence perceptions of self.  

 All three theories also inspire the Creativity Agency Model (CAM) proposed below, 

which provides a useful framework to help us discover how children perceive their own 

creative abilities in the context of physical and virtual activity. 

1.5.1 The Creative Agency Model (CAM) 

The Creative Agency Model (CAM) developed for this research (see Figure 1) 

provides a conceptual framework for the overall experimental design of this study.  It 

builds on existing research and theory by offering a formula to express creative agency 

as an emergent factor of both “subjective and objective aspects of human activity” 

(Bronfenbrenner, 2005, p. 88). Bronfenbrenner’s (1981, 2005) formula for 

understanding development in context or D = f(PE),5 which posits human development is 

                                                
5 Bronfenbrenner later revised the formula to Dt = f(t-p)(PE)(t-p) to account for developmental changes at the 
time (t)  in which developmental outcomes are observed, and the period (p) during which interactions 
between person and environment “…operate to produce the outcome existing at the time of observation (t-
p)”  (Johnson, 2008, p. 4). 
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a process or a joint function of a person’s interactions with his or her environment, 

provided inspiration for the CAM formula presented here: 

CA = Ac(Af) + Pf(Pc) 

The CAM formula posits creative agency (CA) is a joint function of objective or 

goal oriented activity (Ac), which is accomplished using recognized environmental 

affordances (Af), and the subjective experiences that emerge post-activity as 

performance (Pf) perceptions (Pc).   

Affordance is defined by Dourish (2004) as “a three-way relationship between the 

environment, the organism, and an activity…centered on the notion of an organism 

acting in an environment: being in the world” (p. 118). Affordance, as it is used here, 

refers to a person’s relationship with objects or artifacts in an environment that support 

or thwart human creative endeavors; in other words, what Bruner might call a “cultural 

tool kit” (p. 15).  He asserts “We are well advised when studying mental activity to take 

into account the tools employed in that activity” (Bruner, 1986, p. 15).  In later work, 

Bruner describes this tool kit as a set of “prosthetic devices by which human beings can 

exceed or even redefine the ‘natural limits’ of human functioning” (Bruner, 1990, p. 21); 

it is an important distinction and useful for how we can interpret affordance interactions 

within the context of IVT use.  

The CAM model proposes that it is through activity performance that human agency 

and creativity transpire.  It posits that a person’s perceptions of his or her own abilities, 

which emerge in the performance of activity, are crucial to child development in general.  

The model acknowledges all activity is situated in specific environments or settings, but 

focuses attention on the role environmental affordances play in facilitating or 

constraining activity in physical and virtual settings.  Perceptions are placed at the center 

of the model because the ways in which young people perceive their own creative 

abilities or agency in the performance of either virtual or physical activity may be more 

critical to development than objective reality (Wachs, 1991).   
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Figure 1.  Creative agency model (CAM) 

 

The CAM model is one potential way to operationalize creative agency perceptions 

as these emerge through activity performance.  It provides a useful formula for assessing 

whether young people’s feelings about their own creative abilities increase or decrease 

when participating in a comparable physical or virtual activities.  Creativity and agency 

survey instruments and dimensions used to measure creative agency in the context of 

similar physical and virtual play will be discussed in greater detail in the Methods 

chapter.   

1.6 Significance  

The research presented here breaks new ground on several levels.  First, it compares 

similar physical and virtual activity to determine the effects of mode on creativity and 

agency perceptions. No other known study has made such a comparison.  Second, it 

brings children’s subjective experience and self-perceptions to the study of virtual play 

activity so that we might better understand the implications of transferring different 

types of activities from physical to virtual spaces on concepts of self, which are 

considered important to both cognitive development and academic success. Third, it 

addresses gender differences found for both creativity and agency perceptions.  Finally, 

it introduces the Creative Agency Model (CAM) and formula for how we might measure 

dimensions of creativity and agency emerging through IVT use to enrich the design of 

interactive virtual technology going forward. 

environment	  

ac,vity	  

affordances	  

performance	  

percep,ons	  
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1.7 Chapter descriptions   

The Introduction provides an overview of the critical conversations concerning 

children and IVT use.  It establishes both creativity and agency as key components of 

human development, and underscores the importance of taking a developmental 

perspective in the study and design of children’s technology.  It argues subjective 

experience, as it emerges through play, is critical to understanding the impact of moving 

activity from physical to virtual spaces on human development.  It recognizes 

interdisciplinary perspectives are necessary to enrich our understanding of how virtual 

activity impacts the ways in which children play, think, and learn.  Finally, it introduces 

the Creative Agency Model (CAM), which provides a formula that posits creative agency 

as an emergent property of activity, affordances, performance, and perceptions.   

Chapter 2, the Literature Review, delves deeper into the conversations concerning 

creativity and agency that inform this study.  It compares agency and creativity 

perceptions in physical and virtual environments, and considers the developmental 

implications of moving activity from real or material settings to virtual ones.  It also 

explores gender differences associated with IVT use, and why it is critical to consider 

gender as a major variable in technology studies. 

Chapter 3 discusses the design of the study and outlines the methods used, including 

the two survey instruments and the creativity and agency dimensions selected for pre- 

and post-task analyses.  Chapter 4 presents the results of the study and identifies both the 

significant findings and correlating effect sizes.  Chapter 5 discusses the implications of 

the findings, addresses the study limitations, and revisits the Creative Agency Model 

(CAM) and formula. Chapter 6 concludes with recommended trajectories for future 

research and design.  

Several key research documents can be found in Appendices A, B, and C.  These 

include: the script research handouts; the exit survey questions; figures or images 

depicting the physical and virtual treatment conditions; and tables outlining the creativity 

and agency dimensions, the research questions and hypotheses, and the summary of 

significant results and related effect sizes.  
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2. Review of the Literature 

Creativity is almost infinite. It involves every sense – sight, smell, 
hearing, feeling, taste, and even perhaps the extrasensory. Much of it is 
unseen, nonverbal, and unconscious.  Therefore, even if we had a precise 
conception of creativity, I am certain we would have difficulty putting it 
into words  (E. Paul Torrance, 1988, The nature of creativity as manifest 
in its testing, in The nature of creativity: Contemporary psychological 
perspectives, p. 43). 

The term agency itself has maintained an elusive, albeit resonant, 
vagueness; it has all too seldom inspired systematic analysis, despite the 
long list of terms with which it has been associated: selfhood, motivation, 
will, purposiveness, intentionality, choice, initiative, freedom, and 
creativity (Mustafa Emirbayer and Ann Mische, 1998, What is agency?, 
American Journal of Sociology, 103(4), p. 962). 

2.1 Creativity, agency, and technology: Critical conversations  

Picture a roomful of leading technology researchers, educators, designers, and 

media scholars discussing how the computerization or virtualization of human activity 

has impacted everyday life.  How it has and will continue to have powerful effects on 

how we create and communicate ideas.  In this thought experiment, the conversation 

might unfold something like this:   

Children’s technology design researchers Allison Druin and Juan Pablo Hourcade 

(2005), observe some of the far-reaching impacts of IVT use on young people: 

Technologies can provide a wealth of meaningful new experiences and 
support children’s exploration of their neighborhoods, other cultures, and 
even the universe. Technologies are changing what it means for children 
to read a book, play a game, or listen to music. Innovative tools can also 
foster communication, collaboration, storytelling, and creativity among 
children (p. 33). 

Media scholar, Henry Jenkins (2007), maintains that as virtual culture becomes 

increasingly participatory, young people become more actively engaged in creating new 

media content: 

They are recording their lives on LiveJournal and developing their own 
profiles on MySpace; they are producing their own YouTube videos and 
Flickr photos; they are writing and posting fan fiction or contributing to 
Wikipedia; they are mashing up music…(para. 11). 
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Literacy researcher and author of Good Video Games + Good Learning, James Paul 

Gee (2007a), notes when participating in virtual play, players take on the role of 

designers.  He explains: 

Players can build new maps, levels, and scenarios, and sometimes even 
change the rules of play. They can even design whole new games. 
Through such “modding” players become designers in their own right at 
an even higher level (p. 136).   

Other researchers, however, join the conversation to express concerns that gaming 

environments do not support the creative sorts of play that lead to knowledge 

construction.  For example, “Playing and Making Games for Learning” author and 

researcher, Yasmin B. Kafai (2006) contends game-making rather than game-playing 

activities offer an entry point for young gamers into the digital culture not just as 

consumers but also as producers: 

Technological fluency involves not only knowing how to use new 
technological tools but also knowing how to make things of significance 
with those tools and most important, develop new ways of thinking based 
on use of those tools. (p. 39) 

While many of the discussions are optimistic about the potential of virtual 

affordances to extend creative agency, some point to the more troubling implications of 

moving everyday activity from physical to virtual environments, and what happens when 

tactile experience is removed from the human equation.   

Recognizing the role of complex sensory systems embedded in real-world 

interactions, usability engineer and author of Emotional Design, Donald A. Norman 

(2004), explains: 

Far too many high-technology creations have moved from real physical 
control and products to ones that reside on computer screens, to be 
operated by touching the screen or manipulating a mouse.  All the 
pleasure of manipulating a physical object is gone and, with it, a sense of 
control. Physical feel matters  (p. 79). 

A leading researcher in the field of tangible design, Hiroshi Ishii (2008), posits 

virtual environments preclude opportunities for the manipulation of physical objects like 

building blocks or shaping models out of clay: 
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Windows to the digital world are confined to flat, square screens and 
pixels, or ‘painted bits’. Unfortunately, one cannot feel and confirm the 
virtual existence of this digital information through one's hands and body 
(p. xv). 

Educational psychologist, Jane M. Healy (1998) agrees there is something to 

be said for “messing around with real world materials” (p. 220).  She points out 

tactile and olfactory senses are lost in virtual activity: 

Computers minimize three-dimensional motor and sensory experiences 
(including smell, a powerful brain stimulus). Even for older children, a 
computer experiment is decontextualized: no smells, no broken test tubes, 
nothing goes wrong, except in a preprogrammed way (p. 221). 

The conversations presented here shape the research conducted for this dissertation, 

and also inform the Creative Agency Model (CAM), which provides a framework and 

formula for analyzing perceptions of creativity and agency as emergent properties of 

both environment and subjective experience.  In the sections that follow, creativity and 

agency are explicated as properties of both physical and virtual environments, and their 

significance to this research is more fully explored.  

2.2 Creativity and agency in physical environments 

 In describing the birth of consciousness, leading neuroscience researcher and 

director of the University of Southern California’s Brain and Creativity Institute, 

Antonio Damasio (1999), argues an object takes a leading role in defining a person’s 

sense of self, and we become conscious “when our organisms internally construct and 

internally exhibit a specific kind of wordless knowledge – that our organism has been 

changed by an object…” (p. 168).   

Across disciplines that include ecological and developmental psychology, literacy 

studies, and research in HCI and tangible design, there is agreement physical or material 

objects are imbued with a wordless agency that is supportive of both creativity and 

knowledge construction (Antle, 2007a, 2007b; Gibson, E., 2000; Gibson, J., 1979; 

Healy, 1998; Heath, 1983; Papert, 1980; Piaget, 1970; Price, 2008; Price, Rogers, Scaife, 

Stanton, & Neale, 2003; Rogoff, 1993; Scribner & Cole, 1981).  Klemmer, Hartmann, 

and Takayama (2006), whose research includes interaction design, point out, “Being 



 

      23 

able to move around in the world and interact with pieces of the world enables learning 

in ways that reading books and listening to words do not” (p. 141). 

Taking an ecological perspective of human development Tudge, Gray, and Hogan 

(1997) maintain when a person recognizes or perceives information in the environment 

they are also evolving perceptions of the self: 

The actor must also pick up self-information to respond to the information 
provided by the environment. If perception of the environment is 
coperception of the self, then information that specifies the environment 
also specifies the self…In other words, perception of the environment is 
perception of the self situated in that environment  (p. 83). 

The authors further argue as young children explore and engage with the physical 

properties of their environment they develop both concepts of the objects that they 

interact with and psychological constructs.  This leads to “real-world knowledge and 

ultimately to an ability to reflect on those interactions" (p. 84).   

Gee (2007b), who studies learning and literacy situated within the context of video 

game play, writes:  

Thinking, problem solving, and knowledge are ‘stored’ in tools, 
technologies, material objects, and the environment. This frees learners to 
engage their minds with other things while combining the results of their 
own thinking with the knowledge stored in these tools, technologies, 
material objects, and the environment to achieve yet more powerful 
effects (p. 110).    

The coupling of creativity and agency with physical object use dates back to the 

work of educator Friedrich Froebel who identified creativity as essential to development, 

and also emphasized the importance of play for learning. Froebel developed a set of 20 

physical objects “to help children recognize and appreciate the common patterns and 

forms found in nature" (Resnick, Martin, Berg, Borovoy, Colella, Kramer, & Silverman, 

1998, p. 281).   

Weller, Do, and Gross (2008), who design tangible objects-to-think-

computationally-with, note architect Frank Lloyd Wright attributed his interests in 

design, in part, to his early childhood experiences with Froebel’s blocks. They explain:  

Wooden blocks and other similar toys can exert such a powerful influence 
on children because they provide more than narrow skill training; these 
toys provide an entire framework for children to understand the world 
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around them, and an intoxicating glimpse of the satisfaction of discovery 
(p. 282). 

Montessori schools, in operation for more than a century, were built on the premise 

that cognition emerges through physical touch and movement (Lillard, 2007; 

Montessori, 1995; Seldin, 2002). Children who experience Montessori-like 

environments acquire knowledge about the world as they touch the shapes, letters, 

temperatures, and other material things that they are learning about. Seldin 

acknowledges: 

Children touch and manipulate everything in their environment.  In a very 
real sense, the adult mind is hand made, because it is through their 
exploration that children build up a storehouse of impressions about the 
physical world.  Children learn by doing (Seldin, p. 18). 

Vygotsky (1978) also recognized objects or tools as mediators of activity that 

influence higher psychological function. For young people who are engaged in early 

explorations of the physical world, and their evolving relationships with objects, abstract 

representations, gestures, and meanings, touch may be particularly significant. Research 

in child development has long-acknowledged that for many children, hands and the 

developing brain are intimately linked.  

A recent study in the field of neuroscience corroborates the importance of touch, 

linking fingertip size to tactile acuity (Peters, Hackeman, & Goldreich, 2009).  It appears 

people with smaller fingers – and especially children and women – have a finer sense of 

touch, indicating there is a biological component influencing tactile perception from 

childhood well into adulthood. 

As Healy (1998) observes, people at any age can experience a drive to “actively 

organize some sort of raw materials into new form – clay into figures, boxes into bird 

house, movements into dance, ideas into sentences, commands into a computer 

program” (p. 135).  She suggests computer use alone, despite being aurally or visually 

rich, minimizes three dimensional and motor experiences, and may have far-reaching 

implications for how children develop and/or learn.   

Having computers do too much integrating (e.g., combining picture, 
sound, movements), so the child simply experiences rather than 
coordinates it all himself, eliminates an active process that may prove to 
be irreplaceable (Healy, 1998, p. 136). 
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Healy later elaborates on what she means by irreplaceable activities, noting that 

children who handle objects such as wooden blocks may not yet know what a rectangle 

is, but develop a gut feeling for its properties and affordances that can only be acquired 

through touch.  

The ways in which physical environments are arranged, and the affordances 

(artifacts, objects, tools, or toys) available in these environments, are known to have an 

impact on playful learning.  For example, literacy studies that adopt an ecological 

perspective, demonstrate the ways in which children develop reading skills by 

interacting with physical belongings. According to Heath (1983), who studied the 

literacy practices of different communities in the Piedmont Carolinas for nearly 10 years, 

a child’s environment can be oriented to literate sources:  

Their rooms are decorated with murals, mobiles, and stuffed animals that 
represent characters from books. Many of their toys in the first two years 
are “educational,” and these carry implicit references to books and other 
kinds of writing. For example, a favorite toy is a wooden mailbox, with 
slots of different shapes in the top. Blocks of different colors and shapes 
are to be put into the mailbox in their appropriate slots, and removed from 
the bottom by lifting a panel. The mailbox is lettered and colored like the 
real-world item (p. 246).   

Cognition also occurs in naturally occurring human activity – in the wild – 

according to Hutchins (1996).  Hart (1979) points out, children between the ages of eight 

and 12, both boys and girls spend a large amount of time outdoors engrossed in hands-on 

activity, with physical objects, i.e., building play forts, constructing dams across streams, 

and making pulleys in trees. He maintains young people feel empowered by “the sense 

of being able to transform the environment successfully” (p. 217).  

Jenkins (2006), who explores the cultural geography of video games, explains 

children’s explorations and interactions with the physical environment are critical to 

developing physical skills, self-confidence, and a sense of autonomy. While he 

acknowledges the immersive and engaging qualities of video game play (i.e., vividness, 

concreteness, or spectacular 3D imagery), he posits virtual spaces are not as robust as the 

places children find or make for themselves outdoors. In the “wild,” Jenkins observes, 

children have many more opportunities to modify the environment. 
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A number of researchers express concerns that activity performed using graphical 

user interfaces (GUIs) do not support diverse cognitive styles (Antle, 2007a, 2007b; 

Gardner, 1993, 1999; Healy, 1998; Hornecker & Buur, 2006; Ishii, 2007, 2008).  Virtual 

object manipulation may not be intuitive for those who are kinesthetic, who play and 

learn through touch, gesture, and movement.  Ishii and Ullmer (1997) argue displays of 

painted bits on rectangular screens “fall short of embracing the richness of human senses 

and skills” people acquire as they interact with the physical world (p. 7). Eisenberg and 

Buechley (2008) agree, noting “Environmental aesthetics – the way a child arranges, 

ornaments, and inhabits his or her own physical space – has historically been a theme 

that is implicitly suppressed by the limited affordances of a monitor screen” (p 63). They 

argue a desktop computer “looks much the same after five years of use as it did when it 

was first unpacked” and children’s work “remains hidden and invisible in the form of 

files” (p.  63). 

Rogers, Scaife, Gabrielli, Smith, and Harris (2002), researchers in the field of 

tangible design, explore diverse physical-to-digital and digital-to-physical interactions or 

“transforms,” otherwise known as “mixed reality environments.”  They posit, “the 

benefits of designing novel mixed realities in the context of play and learning is that 

juxtaposing the ‘unexpected’ with the highly familiar promotes ‘richer’ experiences, 

prolonged interest, and more reflection”  (p. 685). 

Turkle and Papert (1990), however, make an equally compelling argument for 

understanding the computer as an expressive medium that supports many different styles 

of knowing and learning. They stress, 

The computer, with its graphics, its sounds, its text, and its animation, can 
provide a port of entry for people whose chief ways of relating to the 
world are through movement, intuition, and visual impression.  At the 
heart of the new possibilities…is the computational object, on the border 
between an abstract idea and a concrete physical object  (p. 131). 

In this section, research in child development, literacy studies, and tangible design 

indicate physical activity and touch significantly impact on how young people think, 

play, and learn.  The research presented here, and the findings of the earlier exploratory 

study discussed in the Introduction, suggest physical activity will have an impact on how 

children perceive their abilities to mold or shape their environment. 
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As we consider transferring childhood activity from physical to virtual spaces, it is 

critical to also explore the effects of such moves on children’s perceptions of themselves 

and their feelings of creative agency.  To do this, we must first understand how creativity 

and agency perceptions are conceptualized in physical and virtual spaces, which means 

broadening our understanding of the computer as an expressive medium.   

In the section that follows, concepts of creativity and agency are explored as these 

emerge through child computer interaction (CCI), Internet use, and play in video game 

environments. Because of the complexity and breadth of the research concerning 

children’s IVT use, the next section is divided into two topic areas, “virtual creativity” 

and “virtual agency”. 

2.3 Creativity and agency in virtual environments 

2.3.1 Virtual creativity 

Research in HCI in the latter part of the last century depicts virtual or computer 

technology as a tool of creativity and change.  Activity theory (AT) researcher, Oleg K. 

Tikhomirov (1999) explains,  

Creative activity, while remaining the prerogative of humans, is 
considerably changed in computer use.  In conditions of computerization, 
a real development of creative activity can be witnessed.  New forms of 
creative work, education, and play appear, forms that are simply 
impossible without computers (p. 353). 

Shneiderman (2000) points out “Technology has always been part of the creative 

process, whether in Leonardo’s paint and canvas or Pasteur’s microscopes and beakers” 

(p. 119).  He asserts, “Supportive technologies can become the potter’s wheel and 

mandolin of creativity— opening new media of expression and enabling compelling 

performances” (p. 119).  According to Shneiderman powerful tools can facilitate creative 

acts, and the key to such facilitation lies in the design of improved user interfaces or 

integrated creativity support tools. 

Appropriating the tool motif, researchers in education argue computer technology 

opens up new vistas for young people, providing support for creative play and for new 

ways of thinking about creativity in virtual environments.  Loveless (2007), for example, 

writes “Creativity can be promoted and extended with the use of new technologies where 
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there is understanding of, and opportunities for, the variety of creative processes in 

which learners can engage” (p. 2).  These same processes help children extend their 

creative imagination, which, according to Loveless, empowers them to “recognise the 

potential of the technologies themselves, from Virtual Reality to Knowledge Forums, to 

afford new kinds of spaces for trying out ideas, collaborating and building knowledge 

communities” (p. 15).  

Resnick (2002) observes “The proliferation of digital technologies has accentuated 

the need for creative thinking in all aspects of our lives, and has also provided the tools 

that can help us improve and reinvent ourselves” (p. 6).  Echoing Turkle and Papert, he 

suggests we ought to think of computers “as a new medium for creative design and 

expression” (Resnick, 2006, p. 1). Resnick also points out, however, some technologies 

will encourage creative thinking and expression while others restrict it.   

Children themselves are credited with having distinct ideas about what they want 

from technology experiences. According to Druin et al. (1999), who work with children 

as design partners, young people want to: a) feel in control of an environment by making 

choices about what they do and when they do it; b) interact socially, to “share, show, and 

use technologies with others” (p. 65); and c) have expressive tools at their disposal.  The 

authors add:  

Children like to tell stories, make up games, and build 
things…[and]…enjoy many different forms of expression: sound, visuals, 
movement, and physical appearance. They want all of these and more in 
the technologies they use (p. 66). 

The construct of children as design partners is a dominant one in the CCI literature, 

as is the concept of children as programmers; both support notions of creative agency 

that involve much deeper levels of technological fluency. Papert (1980), for example, 

proposed early on that teaching children how to program a computer rather than how to 

use a computer is empowering.  Peppler and Kafai (2005, 2007) also view computer 

code as an expressive medium, and maintain that making – not playing – video games is 

a creative process.  Turkle (1984/2005), too, argues this point:   

When you play a video game you are a player in a game programmed by 
someone else.  When children begin to do their own programming, they 
are not deciphering someone else’s mystery. They become players in their 
own game, makers of their own mysteries, and enter into a new 
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relationship with the computer, one in which they begin to experience it 
as a second kind of self (p. 90). 

Researchers who study video games, however, would argue otherwise.  In one study 

Hayes (2008a) conducted, she theorizes video games provide young people productive 

experiences that can lead to “a myriad of creative IT applications that may enhance their 

IT skills, confidence, and further learning” (p. 105). She observes, “Clearly, practices 

such as game modding, machinima production, and fan site creation require at least basic 

if not more sophisticated IT fluency” (p. 105). 

Kaptelinin and Nardi (2006) explain, video game play “calls forth acts of social and 

technical creativity that stretch past mundane experience” (p. 216).  And Pearce (2006) 

offers a compelling example of a group of players who were displaced when the MMOG 

game “Uru: Ages Beyond the Myst” closed down and migrated to other virtual worlds.  

She writes:  

A small builder’s group created an exact replica of major portions of the 
Uru game in Second Life…This area is so like the original Uru game, 
down to the most minute detail, including scripting features such as 
swarms of fireflies that follow you around and linking books that take 
you between Ages, it is a stupendous achievement by anyone’s reckoning 
(p. 22). 

Pearce points out as video games begin to integrate more affordances to support player 

creativity, she sees the emergence of a “new form of autoludic culture in which the 

players will feel more and more empowered to make the game their own” (p. 23).   

In an article for Gamasutra, game designer Ernest Adams (2005) also recognizes 

creativity as an important commodity of gameplay: 

There’s no question that creative play is an important part of video 
gaming, and its importance is only going to grow as our markets expand 
beyond the hardcore gamer.  Women and young children are less 
motivated by a desire to compete (in the direct gameplay sense) than boys 
and young men; and girls in particular like to use the gaming experience 
as an opportunity for self-expression (para. 3). 

As Torrance (1988) suggests, creativity might defy precise definition, however, 

developmental and design perspectives are useful to the study of creativity perceptions 

as these emerge in IVT use.  Creativity researchers, Kozbelt, Beghetto, and Runco 
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(2010) point out developmental theories of creativity can “suggest how to design 

environments so that the creative potentials of children will be fulfilled” (p. 26).   

Do and Gross (2007), who conduct cross-disciplinary research in tangible design, 

view creativity not as innate ability, but as the capacity to create, make, or do things 

through activity and experience.   They observe, 

Creativity, in other words, is simply the propensity or ability to make 
things. The things may be physical, such as jewelry or bicycles, or they 
may be things that have no material presence, such as songs, poems, or 
software (p. 28) 

Sawyer (2010), who studies creativity and development, defines it as a collaborative 

process that is realized in “the emergence of new things from human activity” (p. 367).  

He adopts a contemporary view of creativity that posits it as a product of social or group 

activity occurring in specific domains, and a process that happens over time.  Like 

Csikszentmihalyi (1988, 2003), Sawyer (2003) suggests creativity may result in novel 

products, albeit “no new substance is created, only combinations of elements in complex 

systems” (p. 22), systems which are, of course, located in both physical and virtual 

settings. 

A systems view of creativity is particularly useful for understanding how creative 

activity might unfold in complex technology environments; however, it is often 

identified with eminent or big “C” creativity (Kozbelt, Beghetto, & Runco, 2010), and is 

not usually applied to the sorts of creative acts children typically participate in, which 

fall under the small or little “c” definition associated with making, doing, or learning 

new things.  Richards (2010) defines the construct of creativity as “human originality at 

work and leisure across the diverse activities of everyday life” (p. 190).  She also 

acknowledges creativity is essential to “the development of self and culture” (p. 194). 

For the research conducted here, we adopt similar definitions.  Whether through 

video game design, using programming as an expressive medium, or through 

appropriating affordances embedded in games to create new game levels or even new 

game worlds, virtual creativity may be best defined as what young people can create, 

make, or do according to their own goals or intentions within complex technological 

systems.   
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2.3.2 Virtual agency  

Since the early 1990s, research in human computer interaction (HCI) has viewed 

human agency through the lens of activity theory (AT), which interprets people “as 

active beings in control of their tools for creative purposes” (Nardi, p. 87, 1996).  

Agency has been described in the HCI research as “autonomy” or the “the capability to 

act on the basis of one’s own decisions and to be guided by one’s own reasons, desires, 

and goals”  (Friedman, 1998, p. 26).  In theorizing agency in the context of technology 

use, Bardzell (2007) finds it occurs in an “individual’s cognition, distributed across a 

social network, performed during an encounter with existing creative artifacts” (p. 14).    

Pickering (1995) uses the performative idiom for what he calls the “dance of 

agency,” or the  “emergently intertwined delineation and reconfiguration of machinic 

captures and human intentions” (p. 23).  He suggests agency resides in “a space in which 

the human actors are still there but now inextricably entangled with the nonhuman, no 

longer at the center of the action and calling the shots” (p. 26).   According to Pickering, 

human agency is itself emergently reconfigured in its engagement with material agency.  

 Miller (2007), like Pickering (1995), considers agency to be “temporalized in the 

act or performance” (p. 147).  She argues performance requires a relationship between 

two entities that attribute agency to each other. “The [kinetic] energy of agency (whether 

direct or mediated) is rhetorically functional only through interaction” (p. 149).  

Studies of IVT use, and particularly video games research, frequently view agency 

as it emerges through performances of play. For example, according to Murray (1999), 

“agency is the satisfying power to take meaningful action and see the results of our 

choices and decisions” (p. 126).  She also echoes Pickering, explaining, “When things 

are going right on the computer, we can be both the dancer and the caller of the dance. 

This is the feeling of agency” (p. 128).    

Author of Computers as Theatre, Brenda Laurel (1993), considers agency to be an 

emergent feature of virtual activity.  She asserts “Neither participants nor authors have 

ultimate control over the shape of interactive game experiences; form and structure 

emerge as artifacts of complex asynchronous collaborations” (p. 212).  Further, she 

points out in virtual interactions a person’s experience of agency rests in his or her 
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ability to take action.  As her book title suggests, in the context of computer use, agency 

is all about performance. 

Complex technology systems, however, can actually decrease agency perceptions. 

According to Friedman (1998), greater capability and control means greater complexity, 

which can thwart feelings of agency.  Like Shneiderman (2000), she suggests “designers 

initially provide users with a powerful but small set of capabilities” (p. 28) so that users 

may succeed without being undermined by complexity.  It is a point of view shared by 

many in the field of game design.   

Agency, like creativity, is an important commodity in video game design.  For 

instance, in his “Template and Guide to Writing Requirements Specifications for 

Interactive Storytelling” (2011), Adams asks game developers “Do you want the player 

to have agency?  How much?” (p. 4).  Adams, too, identifies high levels of agency with 

greater complexity in plot structures that are, from a game design perspective, difficult to 

implement and debug.   

Agency as “control” comes up frequently in games research.  Ermi and Mäyrä 

(2003), for example, introduce an “empowerment thesis” that posits children feel power 

when playing different types of games, such as action games that give them power to 

engage in combat, adventure games that promote exploration, puzzle games that provide 

mental challenges, and simulation and strategy games that present opportunities for 

“building, creating and controlling” (p. 239). 

Walz (2003) writes, “we can understand [the] game world as a system of power, 

control, and mastery negotiation between player and game designer by way of actual 

gameplay” (p. 200).  He points out that it is “plausible to think of game design as the 

craft of literally empowering the player whilst at the same time, it is the trade of 

effectively controlling and steering the player’s activities” (p. 200).  Most importantly, 

Walz observes agency resides in player-perceptions. He observes players may perceive 

“they have free will, even though at any time their options are actually limited” (p. 204).    

Poremba (2003) and others who study agency in video games suggest it is realized 

through the creation of game artifacts:  

These artifacts then carry the agency of the game player, rather than the 
designer, and as such, demonstrate authorship. Player-authors create 
independent artifacts that rely on a previous work (although not 
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necessarily an original work) as material for the assertion of their own 
agency in producing a cultural product (The player-author and agency, 
para. 1). 

 
Virtual environments considered most supportive of creative agency are those with 

open source or open game cultures (Herz, 2002; Salen & Zimmerman, 2004; Sotamaa, 

2007).  Like game designers Salen and Zimmerman (2004), who suggest an open culture 

approach to game design where players are also creative producers, Sotamaa (2007) 

notes “Games designed following the schema of open culture allow players to access the 

game structure and manipulate the meanings attached to it. In other words, the structure 

of the game grants players explicit creative agency” (p.  461).     

 Research in video game design defines agency in a number of different ways: as a 

commodity of play; a choice; a commitment; power, control or mastery; a phenomenon; 

identification; or a perception realized through the performance of play (Adams, 2011; 

Klimmt, Hefner, & Vorderer, 2009; Laurel, 1993; Murray, 1999; Poremba, 2003; 

Tanenbaum & Tanenbaum, 2010; Walz, 2003; Wardrip-Fruin, Mateas, Dow, & Sali, 

2009).  While all of these ways of understanding the role of agency in video game play 

are valid, the best definition of agency for this research is one that understands agency as 

it both emerges and is perceived through activity performance in either virtual or 

physical environments. 

2.4 Gender variables in physical and virtual play  

Any study that looks at creativity and agency in physical or virtual domains would 

be remiss not to consider gender a key, contributing variable.  Research in gender and 

literacy practices, for example, indicates the physical artifacts and objects of childhood, 

the characteristics of different play settings, and the activities performed in these 

settings, influence how children interact with each other and their environment (Cassell, 

1998; Heath, 1983; Jenkins, 2006; Thorne, 1993).    

 Heath (1983) finds the everyday objects associated with childhood to be sharply 

differentiated for boys and girls, noting divisions along gender lines starts early.  She 

observes: 

Girls are given metal tea sets, while boys get plastic soldiers. Girls are 
given dollhouses and doll furniture; boys are given trucks, tractors, 
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campers and jeeps. Girls are given books about little girls, babies, and 
baby animals living in a human family-like setting; boys are given books 
about trucks, ballgames, and boys and their animals (p. 132)  

 Thorne (1993), who studied the interactions of boys and girls in school settings, 

notes playgrounds, where children exert greater control over play activity, are sites of 

marked separation by gender.  She found: 

Boys controlled the large fixed spaces designated for team sports: 
baseball diamonds, grassy fields used for football or soccer, and 
basketball courts. …The fixed spaces where girls predominated – bars 
and jungle gyms and painted cement areas for playing foursquare, jump 
rope, and hopscotch – were closer to the building and much smaller, 
taking up perhaps a tenth of the territory that boys controlled (p. 44).  

According to Thorne the physical ecology or characteristics of different 

environments have a significant impact on gender interaction. She argues “the 

organization and meanings of gender vary from schools to neighborhoods, to families, 

and from playgrounds to lunchroom settings” (p. 109). 

Given the literature on physical play and gender, it was important to isolate for 

gender in the experimental study. Albeit, no significant gender results were anticipated 

as both the creativity research and the research on agency (in the form of efficacy 

beliefs) indicated it would not an issue for children in the age range or elementary school 

grades studied (fourth and fifth grades). Gender differences in creativity research, 

overall, are neither clear nor consistent.  Baer and Kaufman (2008) point out “Most 

studies have found no gender differences in creativity” (p. 1067). Since the creativity 

literature reveals mixed results for gender, significant gendered results were not 

predicted in the experimental study for creative perceptions (Lubart, 2010; Makel & 

Plucker, 2008; Runco, 2007; Woodman & Schoenfeldt, 1989).   

Studies exploring creativity in the context of video game play, Internet use, and 

interactions with mobile technology also report no gendered effects for creativity.  In 

fact, we have not yet found an empirical study connecting technology use, creativity 

perceptions, and gender, although other gender-related differences emerge in the 

research on children and computers, and will be discussed in more detail later.   

In one study, an association was made between video game development activities 

and an increase in creative perceptions (Eow, Wan Zah, Rosnaini & Roselan, 2010), but 
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as the researchers did not isolate for gender, no effects were reported.  Another study 

employing multiple measures of creativity made significant connections between video 

game play and multiple dimensions of creativity, however, no differences emerged for 

gender (Jackson, Witt, Games, Hiram, H.E., von Eye,  & Zhao, 2012).    

Gender differences associated with agency, in the form of control or efficacy 

beliefs, are not prevalent in either the developmental literature or the CCI literature.  

Lillard (2007), for example, writes, “Studies of the relationship between perceived 

control and performance do not typically report a gender difference” (p. 85).  Pajares 

(2005) notes “Gender differences are also related to developmental level. There is little 

evidence for differences in self-efficacy among elementary school students" (p. 307); 

and in his meta-analysis of gender-related differences in computing, Whitley, Jr. (1997) 

found no significant differences in self-efficacy beliefs at the grammar school level.   

Self-confidence is an important agency dimension, and has also been measured in 

the context of computer interactions.  However, in a study comparing physical and non-

physical versions of the same engineering design project with middle school children, no 

gender differences were found “between physical and virtual materials in either learning 

or confidence” (Klahr, Triona, & Williams, 2007, p. 198). 

In a study conducted by Nelson and Cooper (1997) examining children’s attitudes 

toward computers no significant gender differences emerged: 

Both the boys and girls in this study were enthusiastic about using 
computers and had positive attitudes toward computers, yet girls used 
computers less often than boys did, and girls felt that they had less ability 
with computers than boys did. The data suggest that gender differences in 
perceived competence with computers are caused by gender differences 
in computer use (p. 264). 

Another study conducted with elementary school students confirms significant 

differences in frequency and types of computer use outside school, but identifies parental 

and peer support, rather than computer access or use, as strong predictors of boys’ and 

girls’ computer self-efficacy beliefs  (Vekiri & Chronaki, 2008).  The study found girls 

appear to have positive computer experiences in elementary school, though feelings of 

self-efficacy diminish over time if there is a lack of parental support for computer use by 

female children overall.     
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As mentioned earlier, other research on computers, Internet use, and video game 

play, not directly associated with creativity or agency perceptions, indicates gender 

differences do exist across a number of dimensions, providing ample evidence for 

isolating for gender, as we did in the experimental study. Colley (2003), who examines 

gender differences in how computers are perceived in school settings, explains “Girls 

approach computers as tools for accomplishing tasks, while boys approach them as 

technology for play mastery” (p. 673). 

Turkle (1984/2005), in observing the differences in the ways males and females 

approach computer programming, argues males tend to be hard masters or planners who 

view the world as something to be brought under control and who want to get the 

program to work, while females tend to be soft masters who like bricoleurs work with 

the materials at hand, combining and recombining these fixed elements into something 

new or surprising.  She explains: 

Hard mastery is the mastery of the planner, the engineer, soft mastery is 
the mastery of the artist: try this, wait for a response, try something else, 
let the overall shape emerge from an interaction with the medium.  It is 
more like a conversation than a monologue (p. 101). 

Several gender-related themes appear in Internet and video game studies, such as: 

males spend many more hours both online and playing video games; females spend more 

time online using social media, email or instant messaging than males; males display 

higher levels of technology skills than females; females prefer contemplative, 

relationship-oriented video games that are not time-pressured, while males prefer action-

adventure or violent games; and males who frequently play video games exhibit lower 

self-esteem, behavior problems, and lower academic performance than females (Cassell, 

1998, 2002; Hayes, 2008a, 20008b; Jackson, von Eye, Fitzgerald, Zhao & Witt, 2010; 

Jenkins, 2006; Laurel, 2003; Livingstone, 2003; 2006; Mazzarella, 2005, 2010; Vekiri & 

Chronaki, 2008).   

Cassell (2002) points to a study that found younger girls not only participate in 

different types of virtual play than boys do, but are often treated differently in the 

context of computer use: 

First grade girls working on the computer in mixed-gender groups were 
more likely to be laughed at, criticized and have their competence 
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questioned than when they were working alone or in all-girl groups. In 
addition, the girls were frequently interrupted by male students, whereas 
the reverse was not true (Nicholson, Gelpi, Young, & Sulzby, 1988) (p. 
4). 

These observations are not surprising, as Heeter & Winn (2008) observe video game 

play, when it occurs publicly, becomes gendered: 

Playing a game is an ongoing, active performance as the player makes 
choices and takes actions to progress through the game, much more so 
than reading a book or listening to a lecture.  In the public setting of a 
school computer laboratory, classmates can glance at each others’ screens 
and compare progress and performance.  Therefore, game play in the 
classroom is, in part, a public performance of gender (p. 284). 

Hayes (2008a), who studies linkages between content creation and IT proficiency of 

middle school age girls, recommends that girls not work in mixed gender groups, and 

suggests researchers ought to “provide environments in which girls can explore gaming 

and related creative practices without male competition” (p. 106).   

Due to the gender differences identified in the research for both physical and virtual 

play activity, and because it appears girls not only play differently than boys, but also 

alter play behavior when boys are in the room, the decision was made to isolate for 

gender to avoid mixed-gender confounds in the experimental study.   

2.5 Filling a gap 

While there is plenty of research suggesting creativity and agency emerge through 

activities occurring in both physical and virtual environments, there is a dearth of 

empirical research that measures the effects of physical and virtual activity on children’s 

perceptions of their own creative agency.  Since it has been established that creativity 

and agency are critical elements of human development, it seems important that we find 

a way to measure both so that we might identify which technology bests supports the 

ways in which children and youth play, think, and learn.  

To-date, the search for empirical data turns up only a few studies that examine 

either creativity or agency in the form of efficacy beliefs, but not both, in the context of 

environment, real or otherwise (Eow, Ali, Mahmud, & Baki, 2010; Gonzales, Finley, & 

Duncan, 2009; Jackson, Witt, Games, Fitzgerald, von Eye, & Zhao, 2012;  Lee, Jeong, & 
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Ryu, 2010; Tierney & Farmer, 2002).  One such study explored creative self-perceptions 

by comparing the effects of users physical interactions with both interactive and non-

interactive art installations, however, it produced null effects on self-concepts or creative 

identity (Gonzales, Finley, & Duncan, 2009). Another recent study examined 

information technology (IT) use and creativity and found a relationship between video 

game play and creativity in 12-year-old children (Jackson, Witt, Games, Fitzgerald, von 

Eye & Zhao, 2012). 

A good deal of research, however, posits children’s programming and content 

creation, whether occurring online or in video games, empowers young people to 

develop critical IT fluency or proficiency skills.  Much of this research is yet to be 

corroborated by empirical studies. Bruckman, Bandlow, and Forte (2007), for example, 

point out the research claiming “programming would improve children’s cognitive 

skills” was not supported by early empirical trials that produced mixed results (p. 804).    

In an exploratory study of content creation and the development of technology 

skills, Hayes (2008a) found “a considerable proportion of young people do not engage in 

game content creation, and many others who do create content do not seem to develop 

IT proficiencies” (p. 106).  Hayes (2008b) further notes:  

In general, boys engage in more ‘productive’ computer-related 
experiences than girls; as a result, boys continue to gain more out of 
school knowledge of computing and programming concepts than do girls 
(p. 220).  

Jenkins and Cassell (2008) also report “While computer games were slated to get 

girls into computer science and other technology fields, the number of girls and women 

and computer science has gone down over the past ten years” (p. 14).  Interestingly, 

while creativity and agency appear to be central themes in much of the research 

conducted on children and IVT use, few if any studies actually investigate the effects of 

virtual activity on creative agency perceptions.  If perceptions do mean more than 

objective reality, perhaps creative agency perceptions hold the key to understanding why 

anticipated outcomes of technology use are not what we think they ought to be. 

The experimental study described in the next chapter hopes to contribute two key 

things to help fill the research gap identified here by 1) proposing a way to measure 

creativity and agency perceptions in order to better understand how moving activity 
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from physical to virtual worlds impacts developmental processes; and 2) suggesting 

ways in which virtual technology might be conceptualized to better support healthy child 

development occurring through playful learning.  
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3. Methods 

3.1 Overview 

The objective of this research study is to discover if children’s creativity and agency 

perceptions are altered by how an activity is performed – physically or virtually – and 

whether a relationship exists between effects and gender. An experimental design was 

employed to investigate the effects of similar physical and virtual activity on creativity 

and agency perceptions with children attending a rural elementary school in upstate New 

York.  It is important to note that the term “physical activity” refers to activity conducted 

using material or real objects associated with making a “movie” such as a video camera, 

set (puppet stage), actors (hand puppets), etc.  “Virtual, activity,” to borrow a distinction 

made by Klahr, Triona, and Williams (2007), refers to:   

…computer programs under control of mouse and keyboard that display 
and enact – on the computer screen – animations or videos that depict the 
same range of events that occur when the physical materials are used in 
the real world (p. 197).  

The research project took place over three weeks between October 8 and November 

3, 2010, a timeframe identified by school administrators as being minimally disruptive 

for both faculty and students.  Participants in the study were invited to write and direct 

short movies using either physical or virtual affordances.  Data measuring dimensions of 

creativity and agency were collected before and after the movie-making tasks, using the 

Khatena-Torrance Creative Perception Inventory (1998) or KTCPI survey instruments.  

Pre- and posttest KTCPI scores were then analyzed using paired- and independent-

samples t tests, and a one-way ANOVA.  

Video recordings were made of the physical and virtual tasks, as these were 

performed, and an informal exit survey was conducted with participants to ascertain their 

recognition or understanding of the physical and digital affordances available to them 

during the movie-making process. Data analyses, content of the informal interviews, and 

the videotaped observations, will be addressed further in the Results and Discussion 

chapters. Following are discussions of methods, including participants, setting, study 

design, conditions, and instrument validity. 
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3.2 Participants and setting  

3.2.1 Eligibility and selection 

In the study 82 students (39 females and 43 males), of a potential pool of 140 

students between the ages of nine and 11 years in the fourth and fifth grades, were 

eligible to participate in the study.  Eligibility was determined by the return of parental 

consent and student assent forms.  Students in this age range were selected because they 

possessed many of the developmental skills necessary to participate in this study, i.e., a 

curiosity about how things work; a desire to produce tangible products that display 

competence; an interest in using computers in general and for games; and the ability to 

cooperate and work in groups (Wood, 2007).  The fourth and fifth grades were chosen in 

consultation with the elementary school principal who was also able to confirm students 

had the requisite literacy skills for such a project.  Permission to conduct the study was 

obtained from the district superintendent, building principals, and the fourth and fifth 

grade faculty. 

Criteria for selecting cohorts were: 1) participation would be completely voluntary; 

2) similar numbers of students would be draw from each grade; and 3) an equal number 

of girls and boys would participate.  Letters describing the study and permission slips 

were sent home to parents and guardians inviting students to participate as part of either 

a waitlist group or in one of two task interventions. Parents and/or guardians were 

informed student participants would be randomly selected, and had to give permission to 

have their children take part in the study by signing and returning informed consent 

forms.  

Students also had to read and sign assent forms, with the guidance of parents and 

guardians. Assent forms were numerically anonymized (students’ names were removed 

and random codes assigned).  Forms were then organized by grade and gender, and 

study participants were randomly selected from these groupings to participate in either 

the physical or virtual tasks.  Prior to the commencement of the study completed 

Parental Consent, Student Assent, and Photographic Release forms had to be signed and 

returned. 
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3.2.2 Research setting 

Research on impoverished youth or youth at risk is frequently focused on inner city 

schools and rarely on rural youth (Farmer, Price, O’Neal, Leung, Goforth, Cairns, & 

Reese, 2004), though both groups experience multiple risk factors impacting healthy 

development. In general, rural students are identified as having lower educational and 

occupational aspirations than their urban counterparts and, in some instances, 

“similarities were found between rural and inner-city youth with both having lower self 

esteem than other urban and suburban youth" (McCracken & Barcinas, 1991, p. 3).  

It is important that studies of children and IVT use embrace diversity.  As there is a 

dearth of technology studies conducted in settings outside of urban areas in the United 

States (where many research universities are located), a rural central school was selected 

as a site for this research in order to extend the reach of studies concerned with youth 

and technology.  Future studies using these or similar methods can be conducted in other 

settings to complement the research presented here, and comparisons made based on 

different demographics.   

The number of students in grades Kindergarten through 12th grade enrolled in the 

school district in October of 2010 totaled 874, of which 229 students qualified for free 

and 81 students for reduced lunch prices.  Information supplied by the school’s District 

Food Service Manager (email correspondence, March 11, 2011), showed 35.47 percent 

of the total school population were eligible for free or reduced lunch programs during 

the month in which the study was conducted. According to the 2010 United States 

Census, the population of the county where the school is located is 32,749, with 11.9 

percent of the population living at or below poverty level.  The per capita income for the 

county, which includes this school district, has been reported to be $23,667 with median 

earnings of $48,640.6 

Research in human development and ecological approaches to understanding 

affordances in the environment emphasize the importance of studying children in their 

homes, schools, and playgrounds (Bronfenbrenner, 1981; Costall, 2000; Hart, 1979; 

                                                
6 The 2010 census data is provided by the United States Census Bureau, State and County Quick Facts, 
retrieved on December 13, 2011, from http://quickfacts.census.gov/qfd/states/36000.html. 
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Tudge, Mokrova, Hatfield, & Karnik, 2009). Thus the decision was made to conduct the 

study in the field, as an afterschool project, and not in a laboratory.  Pre-tests were 

conducted in the fourth and fifth grade homerooms during regular school hours, and the 

district provided adjacent rooms – a library conference room and a computer lab – in the 

high school in which to conduct the two task components.   

The rooms were in a familiar setting, as the high school and elementary school are 

attached, and activity could be closely monitored in both.  A teacher volunteer was 

trained to administer the posttest surveys, and one adult volunteer assisted with the 

supervision of the students at all times. 

3.2.3 Sample 

Eighty-two students participated in the pretests, however, only 42 students (N = 42) 

participated in the pre- and posttests and two interventions.  The breakdown of the 

number of male and female students from each grade who were randomly selected to 

take part in two task interventions included: 14 males in fourth grade; nine males in fifth 

grade; eight females in fourth grade; and 11 females in fifth grade. The 40 students in the 

control or waitlist group closely matched the groups along grade and gender lines (20 

females and 20 males).  As previously indicated, though associations between gender 

and effects of physical and virtual activity were not anticipated, random groupings by 

gender were made to determine whether any differences might emerge.  Again, subject 

anonymity was established and is maintained through the use of random identification 

codes.   

3.2.4 Compensation 

Students who participated in the two experimental tasks received mechanical pencils 

after they completed the post-task surveys.  All of the students, including those who 

were placed on the waitlist, were invited on a chaperoned field trip to tour the Rensselaer 

Polytechnic Institute (RPI) campus in Troy, New York, as further compensation for 

participating in the study. At RPI, the students received complimentary pens and school 

pennants, and attended a pizza party in the Student Union during their visit.  The 

teachers who administered the pretests were also invited on the field trip, and one of the 
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fifth grade teachers, a school psychologist, a teacher’s aide, and a few parent volunteers 

accompanied the group. The field trip took place on November 17, 2010. 

3.3 Study design   

The design of the experimental field study centered on two treatment conditions, a 

physical/video movie-making task and a virtual/web movie-making task as shown in 

Table 2.  The activity selected for the experiment – making movies – was one that could 

be performed virtually using an application found at a commercial children’s website, 

Webkinz.com, and could also be easily replicated in a physical form (see Figures 2 and 

3).  

Table 2.  Study Design 

 

 

 

 

 

 

 

 

 

Subjects participating in the physical/video treatment were invited to make movies 

using physical affordances (video camera, tripod, puppet stage, and handheld puppets), 

while subjects assigned to the virtual/web treatment made movies using virtual 

affordances (the Webkinz Studio application at Webkinz.com).  The children who took 

part in the study were randomly assigned to either the physical/video or the virtual/web 

treatments and, as mentioned previously, were grouped by gender and grade level. 

 Data was collected using the Khatena-Torrance Creative Perception Inventory 

(Khatena & Torrance, 1998).  The KTCPI is comprised of two self-report survey  

 

Participant Cells         
(82 total) 

Pre-tests         
Khatena-Torrance 

(1998) 

Treatment 1:                 
Physical/Video 

Activity 

Treatment 2:   
Virtual/Web 

Activity 

Posttests      
Khatena-Torrance 

(1998) 
Female/Task Groups 
(19) 

yes 9 10 yes 

Male/Task Groups 
(23) 

yes 11 12 yes 

Female/Control-
Waitlist 
(20) 

yes no no no 

Male/Control- 
Waitlist 
(20) 

yes no no no 
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    Figure 2.  Physical/video treatment      Figure 3.  Virtual/web treatment 

 
instruments: “What Kind of Person Are You?” (WK), and “Something About Myself” 

(SAM). Both measures include dimensions generally associated with creativity and 

agency, and were administered as pre-tests three weeks prior to task completion. The 

same surveys were later administered a second time as posttests to the children who 

performed the randomly assigned physical/video and virtual/web movie-making tasks.7 

3.3.1 Data collection 

The experiment included three phases of data collection.  In Phase I, the two KTCPI 

instruments were administered to all of the study cohorts, including the control or 

waitlist group, during the regular morning homeroom period by fourth and fifth grade 

teachers.  The researcher met with all of the teachers and provided them with verbal and 

printed instructions to assist them in the administration of the KTCPI instruments to 

students.    

 In Phase II, cohorts, grouped by grade level and gender, were asked to make short 

movies using either physical/video production affordances, including a handheld video 

camera, tripod, puppet actors, tabletop stage, and backdrops, or a web movie-making 

application with virtual actors and virtual production affordances.  In order to ensure 

task interventions were comparable, physical sets (a puppet stage) and actors (hand 

puppets) were purposely selected and/or designed to resemble the virtual characters and 

settings.  An artist was commissioned to paint two backgrounds for the tabletop set to 

                                                
7 A decision was made to conduct the posttests immediately following the two treatments.  As a result, the 
control or waitlist group did not participate in the posttest.  More about this decision will be addressed in 
the Discussion.  
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closely match two of the backgrounds in the Webkinz Studio application (Figures 4 and 

5). 

 

         
 Figure 4.  Physical studio tabletop set         Figure 5.  Virtual Webkinz Studio set 

 
Study participants were invited to make movies for younger elementary students, in 

grades K-2, on the topics of either “Halloween Safety” or “How to Care for Pets”  

(Handouts 1 and 2, Appendix A).  Both the movie-making tasks and the topic areas were 

discussed and identified beforehand with the elementary school principal, and were 

deemed appropriate for K-2 students. All of the study participants were provided the 

opportunity to write short scripts before participating in either the physical or the virtual 

movie-making tasks.  Study participants were given a choice of topics based on the 

developmental research that suggests the ability to choose or exert control over an 

environment are important to a young person’s burgeoning sense of agency or efficacy 

beliefs (Bandura, 1993, 1997; Druin, 1999; Druin et al., 1999; Hart, 1979; Healy, 2000; 

Jenkins, 2006; Lillard, 2007; Schott, 2006).   

Working together or side-by-side in groups of four or five, participants made either 

a virtual/web movie or a physical/video movie using the scripts they had written.  The 

decision to have the participants work in groups for both the physical and virtual tasks 

was based on the research that views human behavior and activity to be typically social 

in nature (Bandura, 2001, 2006a, 2006c; Rogoff, 1993; Schott & Kambouri, 2007; 

Vygotsky, 1978).   In each condition the study participants were able to write and direct 

their own movies.8  In the physical/video condition subjects took turns being directors.   

                                                
8 For more images of the study setting and the available physical and virtual affordances see Appendix B, 
Figures B.1 through B.8. 
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Figure 6.  Making Webkinz movies    Figure 7.  Writing movie scripts 

 
 Directors were given control over running the video camera and could direct puppet 

actors in movies based on their own scripts.  In the virtual/web condition each 

participant could direct virtual actors in movies based on the skits they had written.  

Both the physical and virtual movie-making activities were videotaped for research 

purposes and provided useful information during the analyses and discussion of the 

results. 

In Phase III the control and treatment groups were expected to repeat the two 

KTCPI survey instruments. Post-task measures included brief, informal exit interviews 

designed to assess what affordances participants recognized as being available to them 

when performing either the physical or virtual tasks (Handout 3, Appendix A, Post-task 

Interview Questions). 

3.3.2 Independent variables 

The independent variables in this study included: 

1) Physical condition (video treatment group): participants made a movie using 

material or physical animal hand puppets, a digital video camera, tripod, light kit, 

and table-top stage sets (see images Appendix B ); 

2) Virtual condition (web treatment group): participants made a movie using 

Webkinz Studio, a virtual movie-making application with virtual sets and virtual 

pet actors available online at the children’s website Webkinz.com (see images 

Appendix B).   

3) Gender.  Students were randomly assigned to groups by grade level, isolating for 

gender. 
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3.3.3 Dependent variables 

1) The Khatena-Torrance Creative Perception Inventory (Khatena & Torrance, 

1976, 1998) measures, including:  

a. the forced-choice attitude survey “What Kind of Person Are You?” (WK) 

developed by Torrance (1976,1998); and 

b. the autobiographical creativity assessment inventory “Something About 

Myself” (SAM) created by Khatena (1976,1998).    

3.4 Survey instruments  

3.4.1 Self-perception measures  

Creativity researchers Russ and Fiorelli (2010) observe, "Contemporary approaches 

to creativity view the creative product to be a result of a complex interaction of the 

person and the environment...Personality variables of self-confidence, risk-taking, and 

openness to experience are also involved in creativity” (p. 233). More importantly the 

authors note, “Many of these processes can be observed and measured in children" (p. 

233).  Plucker and Makel (2010) point out personality traits or characteristics associated 

with creativity can change, as there is growing evidence that these are developmental in 

nature. 

Self-reports measuring perceptions and attitudes are often used to measure creativity 

(Fishkin & Johnson, 1998).  The Khatena-Torrance Creative Perception Inventory or 

KTCPI is one such measure.  Again, it is comprised of two different inventories, 

“Something About Myself” (SAM) and “What Kind of Person Are You?” (WK).  SAM 

is an autobiographical instrument based on “the rationale that creative functioning is 

reflected in the personality characteristics of the individual” (Khatena & Torrance, 1998, 

p. 6). According to Khatena (1977) autobiographical instruments can be used to measure 

self-perceptions.  He explains: 

Perception can be related to creative components of personality which 
when operationalized will allow for measurement....If propensity for 
creative behavior is to be measureable, creativity needs to be 
operationalized or broken down into specific behaviors (p. 517). 
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Sample statements of behaviors related to creativity that study participants were 

asked to read and check on the SAM inventory – if they felt the statements accurately 

described them – included things such as:  “I like adding to an idea;” “I have been the 

chief actor or director of a play;”  “I get so interested in what I do that I do not notice 

other things going on;” “I can make new things;” “I am surely as talented as others;” “I 

do not like doing things in the way others require;” and “I have made a new formula or 

way to do things.” 

WK is a self-report inventory used to identify creatively oriented individuals.  It 

requires subjects to reflect on and choose from various creative and noncreative 

characteristics that most closely apply to them.  The WK inventory is “based upon the 

rationale that the individual has a psychological self, whose structures have incorporated 

creative and non-creative ways of behaving” (Khatena-Torrance, 1998, p. 10). Most 

important to this research, the WK instrument is described as a composite of sub-selves 

triggered by an individual’s interactions with his or her environment. 

A list of statements from the WK inventory instrument included 50 each of both “a” 

or “b” choices study participants could select such as: “I like to work alone” or “I prefer 

to work in a group;” “I want to learn or know” or “I am full of energy;”  “I am willing to 

consider the ideas of others” or “I do the opposite of what is asked;”  “I’m always asking 

questions” or “I am quiet;”  “I demand recognition and insist on rights” or “I hold back, 

keep to myself;” and “I prefer tasks that challenge me” or “I do work on time.”  Children 

taking part in the study were asked to choose only the statement that best described 

them. 

The KTCPI measures were selected as a pre- and posttests for this study for several 

reasons:  

1) both the SAM and WK instruments can be used with children between the ages 

of ten and 19 years;  

2) there is precedence for the use of these measures as research tools to show a 

relationship between creative perceptions and the impact of creativity programs 

designed for young people (Khatena & Torrance, 1998, p. 8);  

3) validity evidence for both SAM and WK is highly supportive for measuring 

creative self-perceptions (Khatena & Torrance, 1998, pp. 19, 29);  
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4) factor variables commonly associated with both creativity and agency in the form 

of self-efficacy beliefs were identified by the researchers in both survey 

instruments; and 

5) survey score sheets include a separate scoring profile for each of the factor 

orientations or dimensions associated with the SAM and WK instruments, which 

supports the data analyses conducted for this research.    

Typically, the SAM and WK surveys receive total raw and standard scores based on 

a Creative Perception Index that includes all of the factor profiles.  Additionally, each 

factor orientation or dimension receives a raw score and a stanine score, which converts 

to a higher number than the raw scores.  For the purposes of this research, we opted to 

calculate and use only the raw scores for each of the factors or dimensions selected, 

taking a more conservative approach to scoring individual creativity and agency 

perceptions.   

3.4.2 Internal consistency and validity 

Research concerning the use of psychometric instruments to measure perceptions is 

mixed.  Evidence of validity for these measures is limited, and psychometric tools to 

measure attitudes or perceptions are only an indicator of children’s subjective feelings 

(Fishkin & Johnson, 1998). Reporting biases can occur when using self-report 

instruments, however, when supplementing other data, these measures can also be 

effective for uncovering how, for example, a particular activity influences or alters a 

person’s creativity or agency perceptions.   

Internal consistency for both KTCPI instruments has been established using the 

split-half method. Odd-even items have been correlated and corrected using the 

Spearman-Brown prophecy formula.  Reliability coefficients for WK analyzed using the 

responses of 6,279 students from 20 states in grades one to twelve showed that r = .59 

and r = .66 respectively (p < .01) (Khatena & Torrance, 1998, p. 11).  Reliability 

coefficients for SAM, obtained using these same methods, based on the responses of 

6,313 students in grades one to twelve in 20 states, found r = .80 and r = .79 respectively 

(p < .01) with a .79 alpha (p. 23).   
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Validity evidence is presented for both instruments in the Khatena-Torrance 

Creative Perception Inventory Instructor Manual (Khatena & Torrance, 1998) published 

by Scholastic Testing Service, Inc., and is based on earlier research concerned with 

creative personality characteristics, attitude patterns, hemispheric dominance, measures 

of personality inventories, biographical reports, rating scales, tests, and similar measures 

of creativity perceptions. 

3.4.3 Creativity dimensions 

The following dimensions identified in the KTCPI instruments, “Something About 

Myself” (SAM) and “What Kind of Person Are You?” (WK), include variables generally 

associated with creativity. Participant responses for each of these were scored and 

analyzed using paired-samples t tests to answer research questions9 one and two (RQs 1-

2). RQ1 asks: What are the effects of physical activity on children’s perceptions of 

creativity? And RQ2 asks: What are the effects of virtual activity on children’s 

perceptions of creativity? Below are descriptions of the creativity dimensions for both 

SAM and WK (Khatena & Torrance, 1998). 

 SAM Factor 1:  Environmental Sensitivity (openness to ideas, relates ideas to what 

can be seen, touched, or heard; sensitive to meaningful relations); 

 SAM Factor 4: Intellectuality (enjoys challenging tasks, intellectual curiosity, 

imaginative, likes to reconstruct things and ideas to form something different, 

dislike for doing things in the way others require); 

 SAM Factor 5:  Individuality (preference for working by self, starts and continues 

projects on own, thinks for self, considered different by others, works for long 

periods of time without getting tired); and 

 WK Factor 5: Disciplined Imagination  (full of energy, imaginative, never bored, 

tries difficult tasks, prefers tasks that are challenging, does not give up easily, 

finishes tasks at hand, works hard, seeks adventure). 

                                                
9 See Table 3 at the end of this section or in Appendix C.2 for a complete list of research questions, 
hypotheses, and associated factors. 
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3.4.4 Agency dimensions  

The factor orientations below were identified as dimensions of agency, based on 

commonly accepted definitions of agency and/or self-efficacy beliefs.  These factors 

were used to answer RQs 3 and 4.  RQ3 asks: What are the effects of physical activity on 

children’s perceptions of agency? And RQ4 asks: What are the effects of virtual activity 

on children’s perceptions of agency?  Paired-samples t tests were used to calculate the 

effects of physical and virtual activity on agency perceptions. Below are four agency-

associated dimensions identified in SAM and WK: 

 SAM Factor 2: Initiative (directs others/plays leading roles, produces new 

formulas or products, brings about changes in rules or ways things are done); 

 SAM Factor 3: Self-strength (sureness of own talents, finds new ways to do 

things, takes risks, desires to do better, organizational ability); 

 WK Factor 2:  Self-confidence  (sure of oneself, full of energy, gets along 

well with others, wants to learn or know, finishes task at hand, remembers 

well); and 

 WK Factor 3: Inquisitiveness  (always asking questions, feels strong 

emotions, talks a lot, demands recognition, insists on rights, is obedient). 

3.4.5 Dimensions of creative agency and gender  

For research questions five and six, (RQs 5-6), the factors identified in RQs 1-4 

were combined and measured as “creative agency” variables.  RQ 5 asks:  How do the 

effects of physical activity on children’s creative agency perceptions differ from the 

effects of virtual activity on children’s creative agency perceptions?  And, RQ 6 asks: Is 

gender associated with creative agency perceptions based on how an activity is 

performed?  Dimensions associated with both creativity and agency were analyzed to 

measure differences in the effects of mode on perceptions using both a one-way 

ANOVA and independent-samples tests isolating for gender.  A complete analysis and 

discussion of results and limitations of the study design are found in the chapters that 

follow. 
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Table 3.  Research questions, hypotheses, and associated factors 

 

 

 

 

 

Research  
Questions: 
 

 
Hypotheses: 

 
Factors: 

 
RQ1: What are the effects of 
physical activity on children’s 
perceptions of creativity? 
 

 
H1: Physical activity will 
have an effect on children’s 
perceptions of creativity. 

 
SAM1, Environmental Sensitivity; 
SAM4, Intellectuality; SAM5, 
Individuality; WK5, Disciplined 
Imagination. 

RQ2: What are the effects of virtual 
activity on children’s perceptions of 
creativity? 

H2: Virtual activity will have 
an effect on children’s 
perceptions of creativity. 

SAM1, Environmental Sensitivity; 
SAM4, Intellectuality; SAM5, 
Individuality; WK5, Disciplined 
Imagination. 

RQ3: What are the effects of 
physical activity on children’s 
perceptions of agency? 
 

H3: Physical activity will 
have an effect on children’s 
perceptions of agency. 

SAM2, Initiative; SAM3, Self-
strength; WK2, Self-confidence; 
WK3, Inquisitiveness. 

RQ4: What are the effects of virtual 
activity on children’s perceptions of 
agency? 
 

H4: Virtual activity will have 
an effect on children’s 
perceptions of agency. 

SAM2, Initiative; SAM3, Self-
strength; WK2, Self-confidence; 
WK3, Inquisitiveness. 

RQ5: How do the effects of 
physical activity on children’s 
creative agency perceptions differ 
from the effects of virtual activity on 
children’s creative agency 
perceptions? 
 

H5: There will be an effect 
on children’s creative 
agency perceptions based 
on how an activity is 
performed. 

SAM1, Environmental Sensitivity; 
SAM2, Initiative; SAM3, Self-
strength; SAM4, Intellectuality; 
SAM5, Individuality; WK2, Self-
confidence; WK3, Inquisitiveness; 
WK5, Disciplined Imagination. 

RQ6: Is gender associated with 
creative agency perceptions based 
on how an activity is performed? 

H60: There will be no 
significant association 
between gender, how an 
activity is performed, and 
creative agency 
perceptions.  

SAM1, Environmental Sensitivity; 
SAM2, Initiative; SAM3, Self-
strength; SAM4, Intellectuality; 
SAM5, Individuality; WK2, Self-
confidence; WK3, Inquisitiveness; 
WK5, Disciplined Imagination. 
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4. Results 

4.1 Overview 

The study conducted here investigates the effects of similar physical and virtual 

activity on young people’s perceptions of their own creative abilities.  It was designed to 

determine if there are significant relationships between how an activity is performed, 

changes in creativity and agency self-perceptions, and gender.  For this study, 42 

elementary school children (19 girls and 23 boys) between the ages of nine and 11 were 

invited to make movies using either physical or virtual movie-making affordances.  To 

measure creative agency perceptions the Khatena-Torrance Creative Perception 

Inventory (KTCPI) (Khatena & Torrance, 1998) instruments were administered twice: 

once three weeks prior to the commencement of the physical/video and virtual/web 

movie-making tasks, and again, immediately following task completion. 

Six research questions were developed to ascertain whether how an activity is 

performed – physically or virtually – has an effect on children’s perceptions of their own 

creative abilities.  RQs 1-4 are concerned with creativity and agency perceptions within 

the physical/video and the virtual/web treatment modes, based on data collected using 

the KTCPI instruments “Something About Myself” (SAM) and “What Kind of Person 

Are You?” (WK).  RQs 5 and 6 also employ the SAM and WK measures to determine 

whether effects differ between the two conditions, and whether any differences emerge 

when isolating for gender in either treatment mode.  Study participants were randomly 

assigned to one of two treatment conditions, physical/video or virtual/web, grouped by 

gender and grade level, with four or five participants making movies in each group.   

A series of field experiments were conducted to test Hypotheses 1-6 which claim: 

(H1) Physical activity will have an effect on children’s perceptions of creativity; (H2) 

Virtual activity will have an effect on children’s perceptions of creativity; (H3) Physical 

activity will have an effect on children’s perceptions of agency; (H4) Virtual activity 

will have an effect on children’s perceptions of agency; (H5) There will be an effect on 

children’s creative agency perceptions based on how an activity is performed; and (H6) 

There will be no significant associations involving gender, how an activity performed, 

and children’s perceptions of creative agency.      
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In this section, the results of three different types of tests conducted for the six 

hypotheses are presented, including paired-samples and independent-samples t tests. For 

these two tests, Cohen’s d is used to report effect sizes where .20 is considered a small 

effect, .50 a medium effect, and .80 a large effect (Kotrlik & Williams, 2003).  The third 

test, a one-way ANOVA conducted for H6, uses a classic eta squared, η2, to calculate 

effect size.  For interpreting η2 effect size in information technology, learning, and 

performance research Cohen’s R2 is used, indicating .01 is a small effect, .13 is a 

medium effect, and .26 a large effect (Kotrlik & Williams, 2003). 

For H1 through 4, two sets of paired-samples t tests were conducted relevant to 

treatment. The first experimental treatment, also known as the physical or “video” 

treatment, includes participant groups who were asked to make a video movie using 

physical tools or affordances. The second experimental treatment, called the virtual or 

“web” treatment, included participant groups who were asked to make a “web” movie, 

using virtual tools or affordances found at webkinz.com. The paired-samples t tests 

compare test scores within each treatment mode (physical/video and virtual/web) for the 

KTCPI factors identified for creativity (H1 and H2) and agency (H3 and H4). 

An independent samples means comparison was conducted for H5 using both 

Levene’s Test for Equality of Variances, which indicates whether the two conditions – 

physical/video and virtual/web – have similar or different amounts of variability between 

pre- and post-test scores, and also an Independent t test for Equality of Means to 

discover whether there is a significant difference between the physical/video and 

virtual/web conditions. For H6, a one-way ANOVA and independent-samples t tests 

isolating specifically for gender were also conducted; results for all are reported below. 

The level of statistical significance is typically set at .05 with a confidence interval 

(CI) of 95 percent.  When samples sizes are smaller, however, as was the case in this 

study, significance levels can be set .10, with a CI of 90 percent (Braitman, 1988).  In 

small group studies, a CI of 90 percent casts a wider net that can indicate whether or not 

any effects emerge as a result of treatments.  Even with the adjustment to a .10 level of 

significance, however, we find the differences do not rise to the level of statistical 

significance for either H1 or H2.  Significant findings are, however, reported for three of 
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the four agency-related factors in the web treatment for H4, and also for both agency and 

creativity factors in H5 and H6. 

In some instances, the findings presented here appear to be significant at both the 

.10 and .05 levels; medium and large effects supporting these findings point to important 

trends worth pursuing in future research.  Where no significant results were found, 

neither statistical nor practical effects can be reported for the small, medium, or large 

effect sizes calculated below.  More about the implications of these findings will be 

addressed in both the Discussion and Conclusion.   

4.2 Paired-samples t test analyses for hypotheses 1 and 2 

In order to compare the mean differences within treatment modes (posttest minus 

pretest scores for each subject in the video and web conditions), the following paired-

samples t tests were conducted and repeated for H1 and H2 for four factors key 

associated with creativity perceptions identified in the KTCPI measures, “Something 

About Myself” (SAM) and “What Kind of Person Are You?” (WK).  These factors are: 

SAM Factor 1, Environmental Sensitivity; SAM Factor 4, Intellectuality; SAM Factor 5, 

Individuality; and WK Factor 5, Disciplined Imagination.10  

4.2.1 Hypothesis 1 

H1 posits physical activity will have an effect on children’s perceptions of 

creativity.  Contrary to what was predicted, and as indicated by the results presented 

here, no significance can be reported within groups for the physical/video treatment 

between pre- and posttest results for the four creativity factors.  Small effect sizes 

(calculated using Cohen’s d) are reported for two of the following creativity factors, 

Individuality and Disciplined Imagination, however, as no significance was found, 

neither statistical nor practical effects can be reported.  Based on these findings, H1 must 

be rejected.   

 

 

                                                
10 See Table 1, Appendix C.1, for a list of creativity and agency dimensions and variables measured in the 
experimental study. 
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SAM Factor 1:  Environmental Sensitivity 

A paired-samples t test was calculated to compare the mean Environmental 

Sensitivity pretest score to the mean posttest score for the physical/video treatment. The 

mean on the pretest was 4.60 (sd = 1.603), and the mean on the posttest was 4.65 (sd = 

1.461). No significant difference from pretest to posttest was found for Environmental 

Sensitivity for the physical/video treatment (t (19) = -.252, p > .10).  There is no effect, d 

= .056. 

SAM Factor 4:  Intellectuality  

A paired-samples t test was calculated to compare the mean Intellectuality pretest 

score to the mean Intellectuality posttest score for the physical/video treatment.  The 

mean on the pretest was 7.50 (sd = 2.188), and the mean on the posttest was 7.25 (sd = 

2.197). No significant difference from pretest to posttest was found for Intellectuality for 

the physical/video treatment (t (19) = .575, p > .10).  There is no effect, d = .128. 

SAM Factor 5:  Individuality  

A paired-samples t test was calculated to compare the mean Individuality pretest 

score to the mean Individuality posttest score for the physical/video treatment.  The 

mean on the pretest was 4.35 (sd = 1.309), and the mean on the posttest was 3.75 (sd = 

1.803). No significant difference from pretest to posttest was found for Individuality in 

the physical/video treatment (t (19) = 1.674, p > .10).  There is a small effect, d = .374. 

WK Factor 5:  Disciplined Imagination   

A paired-samples t test was calculated to compare the mean Disciplined Imagination 

pretest score to the mean Disciplined Imagination posttest score for the physical/video 

treatment. The mean on the pretest was 5.25 (sd = 1.860), and the mean on the posttest 

was 4.85 (sd = 2.033).  No significant difference from pretest to posttest was found for 

Disciplined Imagination for the physical/video treatment (t (19) = 1.073, p > .10).  There 

is a small effect, d = .239. 

The following paired-samples t tests conducted for H2 include the mean differences 

for the pre- and posttest scores within treatment modes, as well as the corresponding 

effect sizes for each of the factors associated with creativity in the virtual or web 

condition.  
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4.2.2 Hypothesis 2 

H2 suggests virtual activity will have an effect on children’s perceptions of 

creativity.  Contrary to what was predicted, however, and as indicated by the results 

presented here, no significant effects were found in the virtual or web movie-making 

treatment.  While small effect sizes are recorded for all four of the following creativity 

factors, no significance was found, thus neither statistical nor practical effects can be 

reported.  Based on these findings, H2 must also be rejected.  

SAM Factor 1:  Environmental Sensitivity 

A paired-samples t test was calculated to compare the mean Environmental 

Sensitivity pretest score to the mean posttest score for the virtual/web treatment. The 

mean on the pretest was 4.59 (sd = 1.403), and the mean on the posttest was 5.00 (sd = 

1.113).  No significant difference from pretest to posttest was found for the virtual/web 

treatment (t (21) = -1.252, p > .10).  There is a small effect, d = .266. 

SAM Factor 4:  Intellectuality  

A paired-samples t test was calculated to compare the mean Intellectuality pretest 

score to the mean Intellectuality posttest score for the virtual/web treatment. The mean 

on the pretest was 8.14 (sd = 1.320), and the mean on the posttest was 8.55 (sd = 1.595).  

No significant difference from pretest to posttest was found for Intellectuality for the 

virtual/ web treatment (t (21) = -1.142, p > .10).  There is a small effect, d = .243. 

SAM Factor 5:  Individuality  

A paired-samples t test was calculated to compare the mean Individuality pretest 

score to the mean Individuality posttest score for the virtual/web treatment. The mean on 

the pretest was 4.36 (sd = 1.177), and the mean on the posttest was 4.14 (sd = 1.125).  

No significant difference from pretest to posttest was found for Individuality for the 

virtual/web treatment (t (21) = .961, p > .10).  There is a small effect, d = .20. 

WK Factor 5:  Disciplined Imagination   

A paired-samples t test was calculated to compare the mean Disciplined Imagination 

pretest score to the mean Disciplined Imagination posttest score for the virtual/web 

treatment. The mean on the pretest was 5.09 (sd = 1.900), and the mean on the posttest 

was 5.41 (sd = 1.736).  No significant difference from pretest to posttest was found for 
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Disciplined Imagination for the virtual/web treatment (t (21) = -.958, p > .10).  There is a 

small effect, d = .204. 

4.3 Paired-samples t tests analyses for hypotheses 3 and 4 

In order to compare the mean differences within treatment modes (posttest minus 

pretest scores for each subject in the video and web conditions), the following paired-

samples t tests were conducted and repeated for H3 and H4 for four factors identified 

with agency perceptions in the Khatena-Torrance Creative Perception Inventory 

(KTCPI).  The four agency factors are: SAM Factor 2, Initiative; SAM Factor 3, Self-

strength; WK Factor 2, Self-confidence; and WK Factor 3, Inquisitiveness.  See Table 1, 

Appendix C.1, for complete descriptions of each factor. 

Of the four agency factors, Initiative is the only one that shows a significant 

increase between pre- and posttests on mean differences (posttest minus pretest for each 

respondent mean), however, only in the virtual/web condition. Conversely, two of the 

factors associated with agency perceptions – Self-confidence and Inquisitiveness – show 

a significant decrease in the virtual/web condition, with Inquisitiveness showing the 

greatest posttest decrease (Table 4).  

Pre- and posttest results and effect sizes for each of the following factors commonly 

associated with agency in the physical/video treatment condition are presented below for 

H3, and are repeated for the virtual/web condition in H4.   

 
Table 4.  Paired-samples results for four agency dimensions  

Paired-samples tests – Differences for agency  

 
Mean 

Std. 
Deviation 

Std. Error 
Mean Lower Upper t df 

Sig. (2-
tailed) 

 
SAM  

2 

 
Initiative - Pre-test –  

Initiative - Post-test 

 
-.772 

     
 1.377 

 
.294 

 
-1.278 

 
-.267 

 
-2.630 

 
21 

 
.016 

SAM 
 3 

Self-strength - Pre-test –  

Self-strength - Post-test 
-.136  2.513 .536 -1.058  .785 -.255 21 .802 

WK 
2 

Self-confidence - Pre-test -  

Self-confidence - Post-test 
1.136  2.055 .438 .382 1.890 2.593 21 .017 

WK 
3 

Inquisitiveness - Pre-test - 

Inquisitiveness - Post-test 
.682  1.041 .222 .300 1.064 3.071 21 .006 
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4.3.1 Hypothesis 3 

H3 suggests physical activity will have an effect on children’s perceptions of 

agency.  The following paired-samples means comparisons show pre- and posttest 

results and effect sizes for each of the following four factors commonly associated with 

agency in the physical/video movie-making treatment. Contrary to what was predicted, 

and as indicated by the results presented here, no significance can be reported for the 

physical/video treatment between pre- and posttest results for the four agency factors.  

H3 must, therefore, be rejected.   

SAM Factor 2:  Initiative  

A paired-samples t test was calculated to compare the mean Initiative pretest score 

to the mean Initiative posttest score for the physical/video treatment. The mean on the 

pretest was 3.35 (sd = 1.496), and the mean on the posttest was 3.30 (sd = 1.380).  No 

significant difference from pretest to posttest was found for Initiative for the 

physical/video treatment (t (19) = .181, p > .10).  There is no effect, d = .04 

SAM Factor 3:  Self-strength  

A paired-samples t test was calculated to compare the mean Self-strength pretest 

score to the mean Self-strength posttest score for the physical/video treatment. The mean 

on the pretest was 7.05 (sd = 2.502), and the mean on the posttest was 7.25 (sd = 2.124).  

No significant difference from pretest to posttest was found for Self-strength for the 

physical /video treatment (t (19) = -.623, p > .10).  There is no effect, d = .139. 

WK Factor 2:  Self-confidence   

A paired-samples t test was calculated to compare the mean Self-confidence pretest 

score to the mean Self-confidence posttest score for the physical/video treatment. The 

mean on the pretest was 7.90 (sd = 1.447), and the mean on the posttest was 7.35 (sd = 

1.663).  No significant difference from pretest to posttest was found for Self-confidence 

for the physical/video treatment (t (19) = 1.474, p > .10).  There is a small effect, d = 

.329. 

WK Factor 3:  Inquisitiveness   

A paired-samples t test was calculated to compare the mean Inquisitiveness pretest 

score to the mean Inquisitiveness posttest score for the physical/video treatment. The 

mean on the pretest was 3.65 (sd = 1.531), and the mean on the posttest was 3.55 (sd = 
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.945).  No significant difference from pretest to posttest was found for Inquisitiveness 

for the physical/video treatment (t (19) = .287, p > .10).  There is no effect, d = .064. 

4.3.2 Hypothesis 4 

H4 holds that virtual activity will have an effect on children’s perceptions of 

agency. As predicted, and indicated by the results presented here, significant effects 

were found in the virtual or web movie-making treatment for three of the four agency 

factors.  Medium effect sizes are also indicated for three of the four factors.  The 

implications of these findings will be addressed in greater detail in the Discussion 

following this chapter. 

The following paired-samples means comparisons show pre- and posttest results for 

each of the following factors commonly associated with agency in the virtual/web 

condition.   

SAM Factor 2:  Initiative   

A paired-samples t test was calculated to compare the mean Initiative pretest score 

to the mean Initiative posttest score for the virtual/web treatment. The mean on the 

pretest was 3.18 (sd = 1.006), and the mean on the posttest was 3.95 (sd = 1.045).  

Initiative significantly increased in the virtual/web condition between pre- and posttest (t 

(21) =  -2.630, p < .10; p = .016.  There is a medium effect, d = .56, indicating it is 

unlikely this finding is due to statistical chance.    

SAM Factor 3:  Self-strength  

A paired-samples t test was calculated to compare the mean Self-strength pretest 

score to the mean Self-strength posttest score for the virtual/web treatment. The mean on 

the pretest was 7.55 (sd = 1.299), and the mean on the posttest was 7.68 (sd = 2.212).  

No significant difference from pretest to posttest was found for Self-strength for the 

virtual/web treatment associated with agency (t (21) =  -.255, p > .10).  There is no 

effect, d = .054. 

WK Factor 2:  Self-confidence   

A paired-samples t test was calculated to compare the mean Self-confidence pretest 

score to the mean Self-confidence posttest score for the virtual/web treatment. The mean 

on the pretest was 8.14 (sd = 1.726), and the mean on the posttest was 7.00 (sd = 1.512).  
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Self-confidence significantly decreased from pretest to posttest for the virtual/web 

treatment (t (21) = 2.593, p < .10); p = .017.  There is a medium effect, d = .552, 

indicating it is unlikely this finding is due to statistical chance.    

WK Factor 3:  Inquisitiveness   

A paired-samples t test was calculated to compare the mean Inquisitiveness pretest 

score to the mean Inquisitiveness posttest score for the virtual/web treatment. The mean 

on the pretest was 3.59 (sd = 1.501), and the mean on the posttest was 2.91 (sd = 1.342).  

Inquisitiveness significantly decreased from pretest to posttest for the virtual/web 

treatment (t (21) = 3.071, p < .10); p = .006. There is a medium effect, d = .655, 

indicating it is unlikely this finding is due to statistical chance.    

4.4 Independent-samples t test comparisons for hypothesis 5 

H5 suggests no significant difference exists between how an activity is performed 

and children’s creative agency perceptions. Independent t test sample comparisons were 

conducted for H5 based on posttest minus pretest index means for the combined SAM 

and WK factors associated with creativity and agency. The independent t test compared 

two means from randomly assigned groups to identify whether there is a relationship 

between how an activity is performed and overall creative agency perceptions based on 

mode.  One significant result for agency only was found for SAM Factor 2 or Initiative.  

The null hypothesis is rejected.  

SAM Factor 1: Environmental Sensitivity 

An independent-samples t test was calculated for Environmental Sensitivity 

comparing the mean scores of the physical/video and the virtual/web treatment groups. 

No significant difference was found (t(40) =  -.917, p > .10).  The mean of the 

virtual/web treatment (m = .41, sd = 1.532) was not significantly different than the mean 

of the physical/video treatment (m = .05, sd = .887). There is a small effect, d = .224. 

SAM Factor 2:  Initiative    

An independent-samples t test was conducted for Initiative comparing the mean 

scores of the physical/video and the virtual/web treatment groups.  There is a significant 

difference between the means of the two groups (t(40) = -2.029, p < .10); p = .049.  The 

mean of the virtual/web treatment was significantly higher (m = .77, sd = 1.377) than the 



 

      63 

mean of the physical/video treatment (m = -.05, sd = 1.234). There is a small effect size, 

d = .477.    

SAM Factor 3:  Self-strength  

An independent-samples t test was conducted for Self-strength comparing the mean 

scores of the physical/video and the virtual/web treatment groups. No significant 

difference was found (t(40) = .099, p > .10).  The mean of the web treatment (m = .14, sd 

= 2.513) was not significantly different than the mean of the video treatment (m = .20, sd 

= 1.436).  There is no effect, d = .013. 

SAM Factor 4:  Intellectuality  

An independent-samples t test was conducted for Intellectuality comparing the mean 

scores of the physical/video and the virtual/web treatment groups. No significant 

difference was found (t(40) = -1.178, p > .10).  The mean of the web treatment (m = .41, 

sd = 1.681) was not significantly different than the mean of the video treatment (m = -

.25, sd = 1.943). There is a small effect, d = .201. 

SAM Factor 5:  Individuality  

An independent-samples t test was conducted for Individuality comparing the mean 

scores of the physical/video and the virtual/web treatment groups. No significant 

difference was found (t(40) = -.883, p > .10).  The mean of the web treatment  (m = -.23, 

sd = 1.110) was not significantly different than the mean of the video treatment (m = -

.60, sd = 1.603). There is a small effect, d = .444.  

WK Factor 2:  Self-confidence  

An independent-samples t test was conducted for Self-confidence comparing the 

mean scores of the physical/video and the virtual/web treatment groups. No significant 

difference was found (t(40) =  1.008, p > .10).  The mean of the web treatment  (m = -

1.14, sd = 2.055) was not significantly different than the mean of the video treatment (m 

= -.55, sd = 1.668). There is a small effect, d = .477. 

WK Factor 3:  Inquisitiveness   

An independent-samples t test was conducted for Inquisitiveness comparing the 

mean scores of the physical/video treatment groups and the physical/video and the 

virtual/web treatment groups. No significant difference was found (t(40) =  1.440, p > 

.10).  The mean of the web treatment group (m = -.68, sd = 1.041) was not significantly 
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different than the mean of the video treatment group (m = -.10, sd = 1.552). There is a 

small effect, d = .455. 

WK Factor 5:  Disciplined Imagination   

An independent-samples t test was conducted for Disciplined Imagination 

comparing the mean scores of the physical/video and the virtual/web treatment groups. 

No significant difference was found (t(40) =  -1.443, p > .10).  The mean of the web 

treatment group (m = .32, sd = 1.554) was not significantly different than the mean of 

the video treatment group (m = -.40, sd = 1.667).  There is a small effect, d = .278. 

4.5 ANOVA and independent-samples tests for hypothesis 6  

H6 suggests there is no effect associated with gender and how an activity is 

performed on perceptions of creative agency. A one-way analysis of variance (ANOVA) 

was conducted to explore the impact of the physical/video and virtual/web movie-

making treatments on perceptions identified with creativity and agency.  The ANOVA 

was run with four groups based on gender (male-video, male-web, female-video, and 

female-web).  No significance for H6 emerged from the ANOVA.  

Small effect sizes (η2) were calculated for all of the creativity factors 

(Environmental Sensitivity, Individuality, and Disciplined Imagination), and three of the 

agency factors, Self-strength, Self-confidence, and Inquisitiveness.  The exception is 

Initiative, which had a medium effect size.  While large or medium effects are not to be 

confused with statistical significance, these can sometimes be indicators of practical or 

meaningful effects (Fan, 2001).  It appears that the medium effect size calculated for 

Initiative may be meaningful, as significance was found for this dimension in both the 

paired- and independent-samples tests.   

Results of the one-way ANOVA and independent-samples t tests are reported 

below.  Independent-samples tests were conducted three times: for all subjects, male 

subjects, and female subjects.  Unlike the ANOVA tests, significant results did emerge 

when isolating for gender in the independent-samples tests; medium and large effect 

sizes were also reported. The combined results for both the ANOVA and independent-

samples t tests are presented below; the implications of these results will be addressed 

later, in the chapters that follow. 
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4.5.1 ANOVA and independent-samples test results for all subjects 

SAM Factor 1: Environmental Sensitivity 

To test the effect of physical or virtual activity on perceptions of creativity, pre- and 

posttest group statistics for SAM Factor 1, Environmental Sensitivity, were analyzed 

using a one-way ANOVA.  No significant results are reported, F(3, 38)  =  1.802, p =  

.163.  There is a small effect, η2 = .12. 

An independent-samples t test conducted to compare scores for SAM Factor 1for all 

subjects shows no significant difference in the scores for students participating in the 

physical/video treatment (m = .05, sd = .887) and the scores for students participating in 

the virtual/web treatment (m = .41, sd = 1.532) conditions;  t (40) = -.917, p =  .365. 

SAM Factor 2: Initiative 

To test the effect of physical or virtual activity on perceptions of agency, pre- and 

posttest group scores for SAM Factor 2, Initiative, were analyzed using a one-way 

ANOVA. No significant results are reported, F(3, 38)  =  2.111,  p =  .115. There is a 

medium effect, η2 = .14. 

An independent-samples t test comparing factor scores for SAM Factor 2 for all 

subjects shows a greater difference in scores for students participating in the 

physical/video treatment (m = -.05, sd = 1.234) than the scores for students participating 

in the virtual/web treatment (m = .77, sd = 1.377 ); t(40) =  -2.029, p = .049.  Initiative 

scores increase significantly for subjects in the virtual/web condition.   

SAM Factor 3:  Self-strength  

To test the effect of physical or virtual activity on perceptions of agency, pre- and 

posttest group scores for SAM Factor 3, Self-strength, were analyzed using a one-way 

ANOVA.  No significant results are reported,  F(3, 38)  =  .351,  p =  .788.  There is a 

small effect, η2 = .03.   

An independent-samples t test conducted comparing factor scores for SAM Factor 3 

for all subjects shows no significant difference in the scores for students participating in 

the physical/video treatment (m = .20, sd = 1.436) and the scores for students 

participating in the virtual/web treatment (m = .14, sd = 2.513) conditions;  t(40) =  .099, 

p =  .921.  
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SAM Factor 4:  Intellectuality  

To test the effect of physical or virtual activity on perceptions of creativity, pre- and 

posttest group scores for SAM Factor 4, Intellectuality, were analyzed using a one-way 

ANOVA.  No significant results are reported, F(3, 38)  =  1.462,  p = .240.  There is a 

small effect, η2 = .10.  

An independent-samples t test conducted comparing factor scores for SAM Factor 4 

for all subjects shows no significant difference in the scores for students participating in 

the physical/video treatment (m = -.25, sd = 1.943) and the scores for students 

participating in the virtual/web treatment (m = .41, sd = 1.681) conditions;  t(40) =  -

1.178, p =  .246. 

SAM Factor 5:  Individuality  

To test the effect of physical or virtual activity on perceptions of creativity, the 

scores for SAM Factor 5, Individuality, were analyzed using a one-way ANOVA.  No 

significant results are reported, F(3, 38)  =  .850,  p =  .475.  There is a small effect, η2 = 

.06 

An independent-samples t test conducted comparing factor scores for SAM Factor 5 

for all subjects shows no significant difference in the scores for students participating in 

the physical/video treatment (m = -.60, sd = 1.603) and the scores for students 

participating in the virtual/web treatment (m = -.23, sd = 1.110) conditions;  t(40) =  -

.883, p =  .383. 

WK Factor 2:  Self-confidence  

To test the effect of physical or virtual activity on perceptions of agency, the scores 

for WK Factor 2, Self-confidence, were analyzed using a one-way ANOVA.  No 

significant results are reported, F(3, 38)  =  .845,  p =  .478.  There is a small effect, η2 = 

.06. 

An independent-samples t test conducted comparing factor scores for WK Factor 2 

for all subjects shows no significant difference in the scores for students participating in 

the physical/video treatment (m = -.55, sd = 1.668) and the scores for students 

participating in the virtual/web treatment (m = -1.14, sd = 2.055) conditions; t(40) =  

1.008, p =  .319. 
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WK Factor 3:  Inquisitiveness   

To test the effect of physical or virtual activity on perceptions of agency, the scores 

for WK Factor 3, Inquisitiveness, were analyzed using a one-way ANOVA.  No 

significant results are reported, F(3, 38)  =  .706,  p =  .554.  There is a small effect, η2 = 

.05. 

An independent-samples t test conducted comparing factor scores for WK Factor 3 

for all subjects shows no significant difference in the scores for students participating in 

the physical/video treatment (m = -.10, sd = 1.552) and the scores for students 

participating in the virtual/web treatment (m = -.68, sd = 1.041) conditions; t(40) = 

1.440, p =  .158. 

WK Factor 5:  Disciplined Imagination    

To test the effect of physical or virtual activity on perceptions of creativity, the 

scores for WK Factor 5, Disciplined Imagination, were analyzed using a one-way 

ANOVA.  No significant results are reported, F(3, 38)  =  1.566,  p =  .213.  There is a 

small effect, η2 = .11. 

An independent-samples t test conducted to comparing factor scores for WK Factor 

5 for all subjects shows no significant difference in the scores for students participating 

in the physical/video treatment (m = -.40, sd = 1.667) and the scores for students 

participating in the virtual/web treatment (m = .32, sd = 1.554) conditions;  t(40) = -

1.443, p =  .157. 

4.5.2 Independent-samples t tests for female subjects  

Independent-samples t tests were conducted to compare pre- and posttest scores 

within groups (female and male) to determine whether there is an association between 

how an activity is performed and gender.  The following results reflect the scores for 

female subjects only.  

Results for three of the four dimensions associated with creativity perceptions – 

Environmental Sensitivity, Intellectuality, and Disciplined Imagination – show a 

significant increase for the virtual/web treatment (Table 5).  Results for SAM Factor 4, 

Intellectuality, also associated with creativity perceptions, however, show no 

significance.  Differences reported here are limited to females and exclude males. 
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Table 5.  Independent-samples t tests for four creativity dimensions 

 

Independent-samples tests - Females only  
CREATIVITY 
FACTORS 

t-test for 
equality 
of means 

 
 
F 

 
 
Sig. 

 
 
t 

 
 
df 

 
Sig. (2-
tailed) 

 
Mean 
Difference 

 
Std.Error 
Difference 

 
SAM1_dif 
Environmental  
Sensitivity 

 
Equal 
variances 
assumed 

 
.645 

 
.433 

 
-2.546 

 
17 

 
.021 

 
-1.233 

 
.484 

 
SAM4_dif   
Intellectuality 

 
Equal 
variances 
assumed 

 
6.297 

 
.023 

 
-2.092 

 
17 

 
.052 

 
-1.689 

 
.807 

 
SAM5_dif 
Individuality 

 
Equal 
variances 
assumed 

      
8.708 

 
 .009 

 
-1.626 

 
17 

 
.122 

 
-.989 

 
.608 

 
WK5_dif 
Disciplined 
Imagination 

 
Equal 
variances 
assumed 

 

 
.083 

 
.777 

 
-2.344 

 
17 

 
.031 

 
-1.589 

 
.678 

 
 
SAM Factor 1:  Environmental Sensitivity 

An independent-samples t test comparing the mean scores of the video and web 

groups for Environmental Sensitivity found a significant difference between the means 

of the two groups (t(17) = -2.546, p =  .021) for females only.  The mean of the 

virtual/web group was significantly higher (m = .90, sd = 1.197) than the mean of  the 

physical/video group (m = -.33, sd = .866).   There is a large effect, d = 1.103.  The null 

hypothesis is rejected for SAM Factor 1. 

SAM Factor 2:  Initiative  

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Initiative for females only.  No significant difference was 

found (t(17) = -.274, p =  .788). The mean of the virtual/web group was not significantly 

different (m = .40, sd = 1.578) than the mean of the physical/video group (m = .22, sd = 

1.202).  There is no effect, d = .09. 

SAM Factor 3:  Self-strength 

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Self-strength for females only.  No significant difference 

was found (t(17) = -.671, p = .511). The mean of the virtual/web group was not 

significantly different (m = .60, sd = 2.171) than the mean of the physical/video group 

(m = .00, sd = 2.171).  There is no effect, d = .158. 
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SAM Factor 4:  Intellectuality  

An independent-samples t test comparing the mean scores of the video and web 

groups for Intellectuality, found a significant difference between the means of the two 

groups (t(17) = -2.092, p = .052) for females only.  The mean of the virtual/web group 

was significantly higher (m = .80, sd = 1.135) than the mean of the physical/video group 

(m = -.89, sd = 2.261).   There is a medium effect, d = .54.  The null hypothesis is 

rejected for SAM Factor 4, Intellectuality. 

SAM Factor 5:  Individuality  

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Individuality for females only. No significant difference 

was found (t(17) = -1.626, p = .122).  The mean of the virtual/web group was not 

significantly different (m = .10, sd =  .738) than the mean of the physical/video group (m 

= -.89, sd = 1.764).  There is a medium effect, d = .564. 

WK Factor 2:  Self-confidence  

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Self-confidence for females only. No significant difference 

was found (t(17) = -.086, p =  .932).  The mean of the virtual/web group was not 

significantly different (m = -.60, sd = 1.897) than the mean of  the physical/video group 

(m = -.67, sd = 1.323).   There is a small effect, d = .465. 

WK Factor 3:  Inquisitiveness   

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Inquisitiveness for females only. No significant difference 

was found (t(17) = -.815, p =  .426).  The mean of the virtual/web group was not 

significantly different (m = -.70, sd =  .823) than the mean of the video group (m = -.22, 

sd = 1.641).   There is a medium effect, d = .565. 

WK Factor 5:  Disciplined Imagination 

An independent-samples t test comparing the mean scores of the video and web 

groups for Disciplined Imagination, found a significant difference between the means of 

the two groups (t(17) = -2.344, p =  .031) for females only.  The mean of the virtual/web 

group was significantly higher (m = .80, sd = 1.135) than the mean of  the physical/video 
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group (m = -.89, sd = 2.261).  There is a medium effect, d = .73.  The null is rejected for 

WK Factor 5, Disciplined Imagination. 

4.5.3 Independent-samples t tests for male subjects  

Independent-samples t tests were conducted to compare pre- and posttest results 

within groups (female and male) to determine whether there is an association between 

the way an activity is performed and gender.  The following results are for male subjects 

only.  As found for H5, only one agency factor, Initiative, shows a significant change 

between groups for the pretest and posttest scores, however, this difference is limited to 

males and excludes females.   

SAM Factor 1:  Environmental Sensitivity 

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Environmental Sensitivity for males only. No significant 

difference was found (t(21) = .643, p =  .527).  The mean of the virtual/web group is not 

significantly different (m = .00, sd = 1.706) than the mean of the physical/video group 

(m = .36, sd = .809).   There is no effect, d = .19. 

SAM Factor 2:  Initiative  

An independent-samples t test comparing the mean scores of the video and web 

condition for Initiative found a significant difference between the means of the two 

groups  (t(21) = -2.669, p =  .014) for males only.  The mean of the virtual/web group is 

significantly higher (m = 1.08, sd = 1.164) than the mean of the physical/video group (m 

= -.27, sd = 1.272).  A large effect, d = .91, is reported.  The null hypothesis is rejected 

for SAM Factor 2, Initiative. 

SAM Factor 3:  Self-strength 

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Self-strength for males only. No significant difference was 

found (t(21) = -.664, p =  .514).  The mean of the virtual/web group is not significantly 

different (m =  -.25, sd = 2.800) than the mean of the physical/video group (m = .36, sd = 

1.286).   There is no effect, d = .02. 
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SAM Factor 4:  Intellectuality  

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Individuality for males only. No significant difference was 

found (t(21) = .250, p =  .805).  The mean of the virtual/web group was not significantly 

different (m = .08, sd = 2.021) than the mean of the physical/video group (m = .27, sd = 

1.555).  There is no effect, d = .057. 

SAM Factor 5:  Individuality  

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Individuality for males only. No significant difference was 

found (t(21) = .232, p =  .819).  The mean of the virtual/web group was not significantly 

different (m = -.50, sd = 1.314) than the mean of the physical/video group (m = -.36, sd = 

1.502).  There is a small effect, d = .43. 

WK Factor 2:  Self-confidence  

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Self-confidence for males only. No significant difference 

was found (t(21) = 1.307, p =  .205).  The mean of the virtual/web group was not 

significantly different (m = -1.58, sd = 2.153) than the mean of the physical/video group 

(m = -.46, sd = 1.967).  There is a small effect, d = .477. 

WK Factor 3:  Inquisitiveness   

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Inquisitiveness for males only. No significant difference 

was found (t(21) = 1.150, p =  .263).  The mean of the virtual/web group was not 

significantly different (m = -.67 sd = 1.231) than the mean of the physical/video group 

(m = .00, sd = 1.548).  There is a small effect, d = .346. 

WK Factor 5:  Disciplined Imagination 

An independent-samples t test was calculated comparing the mean scores of the 

video and web condition for Individuality for males only. No significant difference was 

found (t(21) = .002, p =  .998).  The mean of the virtual/web group was not significantly 

different (m = .00, sd = 1.704) than the mean of the physical/video group (m = .00, sd = 

1.673).  There is no effect, d = 0. 
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4.6 Summary 

This experimental study was conducted to compare the effects of similar physical 

and virtual activity on young people’s perceptions of their own creative abilities.   The 

study also explored possible gender differences based upon how an activity is 

performed.  A summary of the significant results and effect sizes is found in Table 6 

below, and also in Appendix C.3. The initial findings suggest there may be correlations 

between how an activity is performed, physically or virtually, and creativity and agency 

perceptions.  Associations are also found between mode and gender. The implications of 

the results are discussed in more detail in the chapters that follow. 
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Table 6.  Summary of significant results and *effect sizes 
(*S-small, M-medium, and L-large)    

 

        

RESULTS Paired-
samples 

Paired- 
samples 

Paired-
samples  

Ind.- 
samples 

One-way 
ANOVA 

Ind. 
samples 
[males]  

Ind.-
samples            
[females]  

  
 

 
H1: Physical 
activity will 
have an 
effect on 
perceptions 
of creativity. 
 

H2: Virtual 
activity will 
have an 
effect on 
perceptions 
of creativity. 

 
H3:  Physical 
activity will 
have an 
effect on 
perceptions 
of agency. 

 
H4: Virtual 
activity will 
have an 
effect on 
perceptions 
of agency. 

 
H5: There 
will be an 
effect 
associated 
with how 
activity is 
performed 
and creative 
agency 
perceptions. 

 
H60: There 
will be no 
significant 
association 
between 
gender, how 
an activity is 
performed, 
and creative 
agency 
perceptions.  

 
H60 

 
H60 

   
H1 & H2  
rejected 

 
 H3  
rejected 

 
H4 
confirmed 

 
H5 
confirmed 

 
H6 
confirmed for 
ANOVA 

  
H60  rejected 

  
H60 rejected 
 

 

CREATIVITY 
FACTORS 

              

 
SAM1:     
Environment-
al Sensitivity 

             
increases  
virtual, *L 

 
SAM4:  
Intellectuality 

             
increases 
virtual, *M 

 
SAM5:  
Individuality 

              

 
WK5: 
Disciplined 
Imagination 

             
increases 
virtual, *M 

 

AGENCY 
FACTORS 

              

 
SAM2: 
Initiative 

     
increases 
virtual, *M 

 
increases 
virtual, *S  

   
increases 
virtual,  *L 

  

 
SAM3:  Self-
strength 

              

 
WK2: Self-
confidence      

     
decreases 
virtual, *M 

        

 
WK3: 
Inquisitive-
ness 

     
decreases 
virtual, *M 
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5. Discussion 

The computer is a Proteus of machines. Its essence is its universality, its 
power to simulate. Because it can take on a thousand forms and can serve 
a thousand functions, it can appeal to a thousand tastes  (Seymour Papert, 
1980, Mindstorms: Children, computers, and powerful ideas, p. viii). 

5.1 Breaking new ground 

The research presented here may be groundbreaking on a number of levels.  It is one 

of the only studies we are aware at this point in time that compares similar physical and 

virtual activity to determine the effects of mode on children’s creativity and agency 

perceptions.  It brings subjective experience to the study of virtual interactions so that we 

might better understand how moving various activities from physical to virtual settings 

might impact on play, learning, and development. It addresses unanticipated and 

significant gendered results found for creativity and agency dimensions.  Lastly, it 

contributes the Creative Agency Model (CAM) and formula to the study and design of 

interactive virtual technology for the purpose of enriching children’s IVT use in the 

future. 

Two important questions were addressed in this study: Does how an activity is 

performed, physically or virtually, have an impact on a young person’s creativity and 

agency perceptions? And, are there any connections linking mode, perceptions, and 

gender?  Early results indicate a possible relationship exists.  Positive effects were noted 

for three of four creativity dimensions, and one agency dimension, but only in the virtual 

condition, and all of these effects are gendered.  Girls who took part in this study show 

an increase in creative perception scores for Environmental Sensitivity, Intellectuality, 

and Disciplined Imagination, while boys demonstrate an increase for one agency-related 

factor, Initiative.   

Two noteworthy effects were also found for two of the other agency dimensions in 

the virtual/web condition, though these were unrelated to gender.  Marked decreases 

occurred in the posttest scores for agency factors, Self-confidence and Inquisitiveness, 

for both male and female participants. Table 6, Appendix C.3, summarizes the 

significant results of the experimental study, and also indicates effect sizes and gender 

differences for each key finding.   
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As the experimental study involved a small sample size, we cannot generalize the 

findings presented here.  It will be interesting, however, to discover if the results we 

found are reproducible in future, larger group studies.  The initial findings and 

developmental literature do suggest the need for research that considers how children’s 

perceptions of their own creative abilities and feelings of agency emerge in IVT use. 

Surprisingly, physical activity did not produce any significant findings, which was 

unanticipated and also bears further investigation. The implications of the study results 

are discussed in greater detail below, beginning with the null findings for physical 

activity, and followed by discussions about IVT use and creativity and agency 

perceptions.  Reflections on gendered results, a reexamination of the Creative Agency 

Model (CAM) in light of study results, and study limitations are also presented here.  

5.2 Effects of physical activity on creativity and agency perceptions 

It was originally predicted physical activity would have some effect or impact on 

children’s perceptions of self as creative agents.  The developmental literature, including 

ecological theories of development, research in human computer interaction (HCI), 

tangible design, and literacy studies, all put forward a strong relationship exists between 

environment, physical objects, creative and expressive activity, and feelings of agency 

(Costall, 2000; Do & Gross, 2007; Gibson, E.J., 2000; Gibson, J.J., 1979; Gee, 2007b; 

Hart, 1979; Healy, 1998; Heath, 1983; Lillard, 2007; Neuman & Roskos, 1992; Resnick, 

2006). Interestingly, however, no significant effects of physical activity on creativity and 

agency perceptions emerged in this study for either boys or girls.   

In the informal interviews conducted for the exploratory study that preceded this 

research, children who interacted with physical board games and toys and similar video 

games as part of the “Fun and Games” 4H afterschool workshop, reported feeling more 

creative and more in control during hands-on, physical play.  The findings from the 

earlier study suggested something favorable was occurring in physical play, and that 

further comparisons were warranted. As mentioned in the Prior Work section, the 

exploratory study helped shape both the research questions and design of this study.    

 The absence of significance in the physical/video mode, while somewhat 

perplexing, tells us only that children’s self-perceptions remained stable between pre- 
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and posttest scores in this treatment condition.  Concepts of self are considered to be 

fairly stable and resistant to change (Combs, 2006; Markus & Kunda, 1986), which may 

explain why no perceptual shifts occurred in the physical/video condition. Changes to 

self-concepts, when these occur, do not always “involve a major revision or 

reorganization of significant self-relevant thoughts and feelings” (Markus & Kunda, 

1986, p. 859).  Although self-concepts are malleable, changes to self-concepts are also 

not easily realized or readily measured.  As Gecas (1982) points out, while the self-

concept may be active, attempts to capture changes to self empirically is uncharted 

territory.   

Thus, a null finding may not be so surprising as feelings associated with self-

concept are involved. In the end, no meaningful conclusions can be drawn regarding the 

effects of physical activity on self-perceptions associated with feelings of creative 

abilities and control for the children who participated in this study. The effects of virtual 

activity on children’s creativity and agency perceptions, however, tell a different story.   

5.3 Effects of virtual activity on creativity and agency perceptions 

In this experimental study, significant increases occurred for three creativity and one 

agency dimension, indicating virtual activity does have an impact on children’s concepts 

of self.  Other available research data demonstrating IVT use – i.e., video games, 

Internet environments, and mobile technology – has a positive influence on creativity or 

creativity perceptions is mixed.  

Several researchers exploring the benefits of making rather than playing games have 

made strong links between creativity and video game development or design (Kafai, 

2006; Eow, Wan Zah, Rosnaini  & Roselan, 2010; Peppler & Kafai, 2005, 2007).  

However, one study investigating relationships between computers, video game play, 

and creativity among elementary school students, found no connection between time 

spent playing games and creativity: 

While there are many allegations in the literature regarding children’s 
development and time spent playing video games, this study provides 
preliminary evidence that there is not a relationship between the time 
children spend playing video games and their general creativity, or 
between the particular skills children use in video games and their 
creativity (Hamlen, 2009, p. 18). 
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A more recent study indicates there is a possible association between creativity and 

frequency of video game play (Jackson Witt, Games, Fitzgerald, von Eye, & Zhao, 

2012), but no increase in creativity associated with Internet or mobile technology use, 

and no differences related to gender were found.  Another study that was conducted by 

Hutton and Sundar (2010) using the video game “Dance, Dance Revolution” suggests 

emotions generated in IVT use can promote creative expression, however, the study did 

not isolate for gender when examining the effects of valence on creativity. 

The research conducted here reveals relationships exist between Internet activity 

and several dimensions of creativity, but exclusively for girls.  Similarly, the one 

positive finding for agency occurred for boys only. Two of four agency dimensions, 

however, decreased in the virtual/web condition for girls and boys.   

Researchers in HCI, communication studies, video game studies (including serious 

games), and video game design have identified agency, in the form of either perceived 

control or efficacy beliefs, as being integral to both successful and meaningful IVT use 

(Adams, 2011; Bassam, 2003; Bente & Breuer, 2009; Gee, 2007a, 2007b; Klimmt & 

Hartmann, 2006; Laurel, 1993; Lee, Jeong, & Ryu, 2011; Lieberman, 1997; Moore & 

Cunningham, 2006; Murray, 1999; Tanenbaum & Tanenbaum, 2010; Wardrip-Fruin, 

Mateas, Dow, & Sali, 2009; Walz, 2003).   Negative agency effects similar to the ones 

found in this study could be used to suggest or predict the overall effectiveness of a 

specific type of technology experience.   

A few studies conducted in non-virtual or organizational settings have explored self-

efficacy beliefs in creativity contexts, but only one defines “creative self-efficacy” as a 

construct that posits creative ability is contingent upon feelings of agency  (Tierney & 

Farmer, 2002).  A direct correlation between creativity and agency perceptions was not 

substantiated in our findings; the Creative Agency Model (CAM), which had conflated 

creativity and agency into the single construct  “creative agency,” was revised as a result 

(see section 5.8).   

5.4 Gendered perceptions of creativity and agency in virtual play  

Based on the creativity literature and research on creativity, video game play, and 

computer use, no significant gender associations were anticipated for creativity 
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perceptions (Hamlen, 2009; Lubart, 2010; Makel & Plucker, 2008; Runco, 2007; 

Woodman & Schoenfeldt, 1989).  It was also predicted no gendered effects for agency 

would emerge, as gender differences in perceptions of personal agency and/or self-

efficacy are not commonly found among elementary students and may be associated 

with developmental stages rather than grade levels. Again, agency perceptions, in the 

form of efficacy beliefs, are found to be similar for elementary school children, which 

includes girls and boys in the fourth and fifth grades (Lillard, 2007; Pajares, 2005; 

Whitley, Jr., 1997).   

In the Klahr, Triona, and Williams (2007) study, comparing middle school students’ 

confidence in their abilities to build and test mousetrap cars in physical and non-physical 

environments, no discrepancy between boys’ and girls’ confidence levels emerged for 

mode, and the girls who participated in the experiment were not “disadvantaged by using 

virtual materials” (p. 198).  In fact, girls proved to be as good as boys in designing and 

testing mousetrap cars.  As confidence in abilities is a key agency factor, the findings 

reported by Klahr et al. (2007) suggested there would be no significant link between 

gender and mode in this study.   

While gender differences are often reported in the literature on Internet and video 

game use, these have mostly focused attention on the number of hours boys spend 

playing video games or on the Internet; the types of games boys and girls prefer; and 

assessments of spatial skills and programming abilities, among other things (Cassell, 

1998, 2002; Hamlen, 2009; Jackson, von Eye, Fitzgerald, Zhao & Witt, 2010; Jenkins, 

2006; Kafai, 1996, 1998, 2006; Livingstone, 2003, 2006; Nelson & Cooper, 1997; 

Subrahmanyam & Greenfield, 1994, 1998; Turkle, 1984, 2005; Turkle & Papert, 1990).   

Contrary to what was originally predicted in H60 – which stated there would be no 

significant association between gender, how an activity is performed, and creative 

agency perceptions – virtual activity showed positive increases for both creativity and 

agency perceptions, albeit, these effects were gendered.   

5.5 Girls’ creativity perceptions increase in virtual movie-making 

After making movies using the Webkinz Studio application, girls perceived 

themselves as more creative.  Scores on the KTCPI posttests for girls show marked 
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increases for three of four creative perception factors measured in this study: 

Environmental Sensitivity, Intellectuality, and Disciplined Imagination.  A fourth 

creativity measurement, Individuality, did not show significance in either direction.11 

Girls who participated in the study displayed increases in dimensions of Environmental 

Sensitivity, Intellectuality, and Disciplined Imagination (Khatena & Torrance, 1998), 

which include: 

• an openness to ideas; relating to what can be seen, touched, or heard; 

sensitivity to meaningful relations; 

• enjoyment of challenging tasks; exhibits intellectual curiosity; likes 

reconstructing things and ideas; dislikes doing things the way others require;   

• being full of energy; imaginative; never bored; prefers challenges; tackles 

and finishes difficult tasks; works hard; seeks adventure. 

All of these variables closely mirror qualities generally identified with creativity, 

such as being open to experience, originality, persistence, enjoyment of experimentation, 

preference for complexity, and curiosity, to name a few (Craft, 2000).  Individuality, 

which includes variables such as a preference for working by self; starting and 

continuing projects on own; thinking for oneself; being identified as different; and 

working for long periods of time without becoming tired showed no significance 

(Khatena & Torrance, 1998).   

A null finding for Individuality, the creativity dimension associated with working on 

one’s own or being different, may simply reflect young people’s everyday experiences.  

School is a place where children are encouraged to work together, and where being 

“different” is not always considered to be a good thing.  A fourth or fifth grader may 

give the same responses on both pre- and posttests if they believe working with others is 

what is expected of them.  In sum, no changes for Individuality may simply reflect a 

need to “fit in.” 

Another creativity study conducted by Eow, Wan Zah, Rosnaini, and Roselan, 

(2010), also used the KTCPI instruments to measure creative perceptions of 13- and 14-

                                                
11 A medium effect size was reported for Individuality when isolating for gender suggesting something of 
interest may be going on with regard to this creativity factor.  However, as no significance was reported, 
only further testing could confirm whether there was anything practically meaningful happening here (Fan, 
2001). 
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year-olds who developed their own video games.   Similar to our results, Eow et al. 

(2010) found marked increases for Disciplined Imagination and Intellectuality. 

Conversely, positive results were found for Individuality, and no significance was 

reported for Environmental Sensitivity. In our study, the opposite occurred: 

Environmental Sensitivity increased, and no significant findings were reported for 

Individuality.  As Eow et al. (2010) did not consider gender a variable, the only potential 

connection between our study and theirs is confirmation that a relationship exists 

between virtual activity and creativity perceptions. 

Again, differences along gender lines associated with video games and Internet use 

are not altogether uncommon.  Our findings mirror those of other studies that indicate 

girls experience IVT differently than boys.  Studies of computer use and gender 

differences, for example, suggest females approach computers as tools of production to 

create a product, while males regard computers as technology to be mastered (Colley, 

2003; Nelson & Cooper, 1997; Turkle, 2005; Turkle & Papert, 1990).  The Webkinz 

Studio application has several features that make it a viable research tool, and one that 

girls might find more appealing. 

Webkinz Studio is not a video game, but a movie-making or “production” 

application, which may be the primary reason girls find it to be a particularly satisfying, 

despite its limitations. It offers a media rich experience and, on a very basic level, it 

allows children to employ movie-making techniques associated with directing, such as 

writing scripts, picking backgrounds, actors, music, and framing shots.  It provides a 

space for collaborative storytelling (children can work together on movies), content 

creation, and open-ended play. It also supports basic IT proficiency skills such as 

keyboarding.  All of these are also qualities associated with the types of virtual activities 

that have been identified as being preferred by girls (Cassell, 2002; Hayes, 2008; 

Jenkins, 2006; Kafai, 1996; Mazzarella, 2005, 2010; Subrahmanyam & Greenfield, 

1998).   

5.5.1 Exit interviews and video observations of girls making Webkinz movies 

As part of the research conducted for this experiment, informal exit interviews 

(Appendix A.3) were conducted with all of the students who took part in the study.  The 
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interviews were designed to discover what affordances or tools study participants 

perceived or recognized as being available to them for the movie-making tasks, which 

ones they actually used, what tools they wished they had that they did not, and what they 

would do differently if they had these other tools. Videotaped observations of the 

experimental treatments recorded for this study helped elucidate responses to the 

interview questions.  

The exit surveys show that overall girls who participated in the virtual/web task 

seem much more satisfied with the Webkinz Studio application than boys.  When asked 

if there was anything that they wanted to do but could not do or would do differently, 

seven of 10 girls replied “no” or “nothing.”  One girl in particular was quite emphatic in 

her responses, writing “NO!” and “NOTHING!” (Capitalization and exclamation points 

were used by the child respondent for emphasis).  Only three girls made comments about 

what they would do differently if they had additional tools: one wanted a customization 

feature to change characters’ clothing; one wanted more time to make the “skit longer 

and better;” and a third girl wanted to make “the skit better and use different interesting 

words.”  

For girls, comments about the inability to change character clothes or write 

preferred lines of dialogue point to some of the constraints of the Webkinz Studio 

application, while comments about having more time to create a longer and better skit 

were about constraints imposed on them during movie-making treatment itself (movies 

had to be completed within a 35-minute time frame), and evaluations of their own 

performance.   

Videotaped observations of the girls as they engaged in play with the Webkinz 

Studio application back up some of the comments made in the exit surveys, but in the 

tapes girls exhibited greater frustration with the limitations of the movie-making 

application than they did in the exit interview. Girls who participated in the virtual/web 

treatment were very quiet compared to girls in the physical/video treatment, and were 

often observed whispering to each other about what they needed to do or what they 

could not do. In conversations that took place among girls participating in the 

virtual/web condition, dialogue issues came up most frequently.  Boys, too, spoke 
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frequently about dialogue problems.  For specific comments made by girls and boys as 

they were participating in making virtual movies refer to Table 7 on page 87. 

5.6 Boys’ agency perceptions increase in virtual movie-making  

After making movies in Webkinz Studio, posttest scores for Initiative, one of four 

agency dimensions, showed a significant positive increase, albeit for boys only. The 

important variables associated with Initiative are predominantly performative, and 

include control-based actions such as directing or taking the lead in plays, producing 

something new, and changing the way things are done (Khatena & Torrance, p. 26).  An 

increase in feelings of control in the web treatment is consistent with what was found in 

the earlier, exploratory study, as children reported feeling a greater sense of control 

when using a PC and a mouse to play a video game, on par with feelings of control 

expressed when playing with a similar, physical toy.12    

Dimensions related to agency that were selected and scored in this study from the 

KTCPI or SAM and WK measures include: Initiative, Self-Strength, Self-Confidence, 

and Inquisitiveness (Khatena & Torrance, 1998). People who display these 

characteristics:  

• direct others/play leading roles, produce new formulas or products, bring 

about changes in rules or ways things are done; 

• are sure of own talents, find new ways to do things, take  risks, desire to 

do better, have organizational ability; 

• are sure of oneself, full of energy, get along well with others, want to learn 

or know, finish the task at hand, remember well; 

• ask questions, feel strong emotions, talk a lot, demand recognition, insist 

on rights, are obedient. 

In general, characteristics associated with agency include the ability to originate, 

organize, and execute actions; perceived controllability; the ability to transform or 

change an object or exert influence over one’s environment; self-actualization or the 

ability to invent, find new paths, see possibilities, and exercise choice (Bandura, 1993, 
                                                
12 The decision to use a virtual movie-making application that required a PC and mouse was based on 
these earlier findings.  In doing this we were able to address a potential confound that could have 
influenced the study outcome. 
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1997; Bronfenbrenner, 1981, 2005; Craft, 2000; Hart, 1979; Lillard, 2007; Mazlow, 

1968).  In Webkinz Studio many of these actions were possible, or were perceived to be 

possible.  One fifth grade boy in particular articulated it this way in response to the boys 

who were having trouble writing character dialogue:  “Guys! Just think of different ways 

you can do it!” 

The positive result for Initiative is also consistent with research in video game 

studies, communication and technology (CAT) studies, and HCI research that 

characterize agency as an emergent property associated with both perception and 

performance in the context of IVT use (Adams, 2011; Bardzell, 2007; Kaptelinin & 

Nardi, 2006; Miller, 2007; Murray, 1999; Orlikowksi, 2005; Pearce, 2006; Rainio, 2007; 

Walz, 2003).  Creativity may be about the ability to make something in virtual play, but 

agency is about being able to take action.  Perceived increases in Initiative or the ability 

to act or direct action emerged for boys who participated in making virtual/web movies. 

5.6.1 Exit interviews and video observations of boys making Webkinz movies 

In the exit surveys, when asked what types of things they would like to do or would 

do differently, the 10 boys who completed the surveys said they wanted more choices.  

Some of the choices boys wanted included: different research information for writing the 

scripts; the option to write different plays; more faces to choose from (choice of actors 

and/or actor emotions); the ability to make sets and different backgrounds and have 

characters walk into different scenes; coloring capabilities; a greater choice of 

characters; a more creative process; and to collaborate with a partner on the script.13  

One boy wanted Lego’s so that he could build a set, as he “is really good with Lego’s.” 

Another wanted to type “scary words,” but could not due to the limitations placed on 

word choices for dialogue inherent in the Webkinz Studio app.   

By far, boys had much more to say in the exit interviews about Webkinz Studio than 

girls about what they could or could not do, what they wanted to do, and what they 

would do differently if they had different tools.  Conversations among the boys in the 

observation videotapes (especially those occurring between some of the fifth grade boys) 

                                                
13 Each child was given the opportunity to write his or her own script and to direct it in either the 
physical/video or virtual/web treatment.    
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were much livelier, overall.  In the videotaped observations, a few of the fifth grade boys 

were recorded talking about their actors’ emotions, the characters they wanted to use, 

what characters looked like, and the mood of the music:    

“He's nervous.” “He's angry about how much money he spends” [refers to 
a character’s emotion].  “Cool. How did you get Mr. Quack?”  “I want the 
robot!”  “You got different animations.”  “Ah, COOL! I got the mummy! 
I got the mummy!” “I need somebody nice.” “I need like a mean 
character.”  “I'm ‘comedy man’.”  “Hey look, action things to do!”  
“Romantic. I got romantic [refers to music], but I want dramatic.”  
“Action-packed, man. Yeah!”   “My guy looks funny.”  

  Like girls, however, boys were equally frustrated with the Webkinz Studio 

dialogue feature, and made frequent comments about spelling and their inability to write 

their scripts as planned (Table 7, page 87). Comments indicating feelings of frustration 

at not being able to accomplish certain tasks made by both girls and boys who 

participated in the virtual/web treatment might also explain why there were significant 

decreases in two of the other agency dimensions without regard for gender.  

5.7 Decreases in agency dimensions unrelated to gender 

While seemingly contradictory to the significant increase in Initiative, a decrease in 

two of the other agency factors for the posttests in the web condition is not altogether 

surprising.  In the earlier, exploratory study, students expressed feelings of diminished 

control in virtual play environments. Had an increase in agency dimensions occurred in 

the physical/video treatment, the findings would have matched those of the earlier study, 

however, as this was not the case, no such correlations can be made. 

One possible explanation for the contradictions in the virtual/web treatment might 

be that the factors selected to measure agency perceptions are not measuring the same 

things.  Although each dimension includes factors generally associated with agency 

perceptions, there are some important distinctions that can be made between factors.   

5.7.1 Agency as performance-perceptions in IVT use 

As mentioned before, SAM Factor 2, Initiative, is an agency dimension associated 

with taking action and performance (directing, leading, producing, etc.).  Initiative or 

perceived controllability may also be connected to personal efficacy beliefs, the ability 
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to influence or alter one’s environment, and goal attainment (Bandura, 1993, 1997, 2001, 

2006a, 2006c; Bronfenbrenner, 1981, 2005; Hart, 1979;  Kaptelinin & Nardi, 2006; 

Lillard, 2007).  Positive increases in scores for Initiative indicate there may be real 

benefits to transferring some types of physical activities to virtual spaces.  However, 

decreases in agency perceptions associated with feelings of self-confidence and self-

assertion suggest otherwise. 

Significant decreases occurring associated with two of the other agency dimensions, 

Self-confidence and Inquisitiveness, may have occurred because these are not as closely 

linked to performance or perceived controllability.  For example, variables for Self-

confidence – being sure of oneself, getting along well with others, wanting to learn or 

know, finishing the task at hand, or remembering well – do not describe the same types 

of action-oriented characteristics associated with Initiative.  The factor variables for 

Inquisitiveness – always asking questions, demanding recognition, and insisting on 

rights – can be considered qualities associated with an individual’s assertiveness rather 

than control or mastery over a domain. 

 It is important to note also that SAM Factor 3, Self-strength, did not show any 

significance for either treatment conditions.  Self-strength can best be described as a 

self-evaluative dimension of agency that emphasizes feelings related to being sure of 

oneself or of one’s talents, a desire to take risks, or confidence in one’s organizational 

ability, rather than more active or performative aspects of agency that are associated 

with achieving intentions or goals.   

5.7.2 Agency perceptions and constraints in IVT use 

Another viable explanation for why decreases occurred in two of the agency 

dimensions in the virtual/web treatment may be related to the limitations or constraints 

imposed by the Webkinz Studio movie-making application, which prevented certain 

types of activity.  Some of the constraints or complaints that subjects voiced included 

things such as being unable to use certain words for dialogue, problems saving movies, 

and the lack of customization choices such as choosing actors’ costumes.  Gecas (1982) 

points out when a social structure appears to inhibit performance it can also negatively 

influence the self-evaluation process.  Citing Bandura, he argues there is a distinction 
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between perceptions of self and “perceptions of self in relation to social structure” (p. 

20).   

Webkinz Studio prevented some of the study participants from achieving goals, 

which in turn impacted on how they perceived themselves and their overall abilities, thus 

resulting in negative self-evaluations.  In reviewing the videotape observations of 

students making their Webkinz movies it was clear that many issues were associated 

with perceived affordance constraints. Similar comments and questions came up 

repeatedly for both girls and boys who took part in the virtual/web condition (refer to 

Table 7 below). 

Spelling skills were essential to the Webkinz movie-making activity. When errors 

occurred in spelling, or a letter or word could not be used for any apparent reason, letters 

or words turned red, making it difficult to write character dialogue. One question that 

came up time and again was: “How do you spell___________”, and was asked by both 

girls and boys. Difficulties with spelling and the ability to write dialogue may have 

played a role in the decline in feelings of self- confidence, resulting in negative self-

evaluations in the virtual/web treatment. 
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Table 7.  Taped comments made by children during virtual/web movie activity 
 

 

 

Video Observations: 
Girls’ comments 

Video Observations: 
Boys’ comments 

How do you make their names? Does 
anybody know how to? 
 

What does that mean? How many actors? 
 

I don't know what to do.  Can you help me? 
(Problems logging in.) 

Where do you write the name? 
 

It keeps turning up in red. Check this out, it 
turns up in red and all I wrote was an "h." 
 

Is that spelled right? 
  

This showed up in red again. It's red. 
 

Where are the speakers? I love speakers! 
(Refers to desktop computer). 
  

What do I have to do? I need help. 
 

I can't write "Dr. Crazy" 
 

Do I have to type in actors?  Does it know 
Actor 1, Actor 2? 
 

Why is it turning red? 
   

There are no rabbits here.  (Lack of 
character choice.) 
 

You can't use "t"? 
 

I can't use the name that's red. 
It's not the spelling. 
 

Okay. I want to click on "next" but it won't 
go. 
  

Why is it red? It keeps doing that It's not writing anymore! 

 

If you want [to type] "a cat" it's not 
working. 
 

Why won't it allow "rude?" 
 

It won't work.  Can I keep it red? What the heck?  Over there, when I put the 
"a," it doesn't work. 

It's not working for “shelter.” It made it red. 
 

We're only allowed to have three scenes? 
 

My title won't fit. 
 

Are there any slow waves? (Refers to 
animation choices.) 
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5.7.3 Agency perceptions and developmental characteristics 

Finally, a third reason for the decrease in these two agency factors may be related to 

specific developmental ages and stages. Demo (1992), for example, notes children 

between the ages nine and 11 (the same age range of the subjects for this study) are more 

negative, self-critical, self-doubting, and start to judge or evaluate themselves based on 

abilities and achievements.   He writes, “Greater reliance on perceived, often negative, 

evaluations of peers challenges self-concept and stirs self-doubts. It is reasonable, 

therefore, that self-esteem generally decreases from middle to late childhood” (p. 310). 

Demo’s explanation provides a logical, alternative reason for why agency posttest 

scores for Initiative, a more active or performative view of self  (as director, rule-

changer, producer) increased, while agency dimensions that reveal a more reflective or 

evaluative side of self decreased.  In thinking about how we design technology for 

children, affordances, constraints, and developmental markers are all key considerations, 

as these can all contribute to decreases in assertiveness, unfulfilled curiosity, and overall 

negative self-evaluations.  

5.8 Creative agency model (CAM) revisited and revised 

A revised creative agency model has emerged from this research that suggests 

creativity and agency should be measured separately.  The phrase “creative agency,” as 

it sometimes appears in education literature, HCI, and video games research, conflates 

the terms creativity and agency (Bardzell, 2007; Craft, 2000; Sotamaa, 2007; Yamazumi, 

2007).  The terms were also conflated for this study.  While these may not be two sides 

of the same coin, they are nonetheless important currencies as both enrich learning and 

development.  Creativity and agency are identified as critical components of knowledge 

construction and meaning production, and both are associated with learning through 

play.  Thus both warrant further study in the context of children and IVT use. The 

revised formula distinguishes between creativity and agency perceptions, and also adds 

gender to the equation.   

The earlier CAM model defined creative agency (CA) as a joint function of activity-

affordances (Ac)(Af) and performance-perceptions (Pf)(Pc): 

CA = f (Ac)(Af) + (Pf)(Pc) 
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Again, this formula conflates creativity and agency as creative agency (CA), stating 

it is a function of activity-affordances (Ac)(Af) and performance-perceptions (Pf)(Pc).  It 

also combines physical and virtual activity under the (Ac) heading.  The revised formula 

does three things: first, it uncouples creativity (C) and agency dimensions (A) so these 

can be measured separately; second, it defines both (C) and (A) as functions of virtual 

activity (VrAc) and performance perceptions (PfPc); and third, it allows us to consider 

gender (g) as a key dimension.14  

C + A  =  f(g)  (VrAc) + (PfPc) 

When used with the appropriate self-perception measures, the revised model can 

help identify how various virtual technology can support creative, contributive, and 

youth-directed sorts of play that shore up developing thought processes.  As Resnick 

(2006) suggests:  

We need to move away from generalizations about all computers or 
technology and consider instead the specifics of each technology and the 
contexts of its use.  Some technologies, in some contexts, foster creative 
thinking and creative expression.  Other technologies, in other contexts 
restrict it…we need to focus on the difference between activities that 
foster creative thinking and creative expression (whether they use high-
tech, low-tech, or no tech) and those that don’t (p. 204). 

The CAM model is a framework that supports the type of analyses Resnick suggests, 

providing the necessary flexibility for use in many contexts with past, present, and 

emergent technology.    

5.9 Study limitations 

The experimental study we conducted had a waitlist/control group that closely 

mirrored the experimental groups, and early plans included pre- and post-testing of both 

experimental and control groups.  A decision was made, however, to conduct posttests 

following the two experimental treatments to measure emergent effects of mode on 

perceptions.  It was important in this preliminary phase of our research to determine 

                                                
14 The flexibility of CAM allows gender (g) and other independent variables such as socioeconomic status, 
race, or ethnicity to be factored into the equation to determine whether these, too, might play a role in 
perceptions of IVT use. Other types of activity can also be examined or compared to determine impact on 
creativity and agency perceptions (i.e., physical activity or mixed reality activity using tangible or 
computational objects).  
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whether or not we could establish any links between the treatments and changes to self-

perceptions. This decision resulted in shorter time intervals between pre- and posttests.  

Pretests were administered on October 8, 2010, and posttests were conducted after each 

of the physical/video and virtual/web treatments, which took place between October 25 

and November 3.  While longer time intervals are usually recommended, shorter 

intervals may be called for in some instances as Buddenbaum and Novak (2001) point 

out: 

The time interval between administering the pre- and posttest may be 
quite long or very short depending on the purpose of the study and 
available resources. Studies using a very short time interval will measure 
short-term effects. For longer-term effects, a second set of observations at 
some later time may be added or the interval between pretest and posttest 
may be increased (p. 128). 

There is precedence for shorter time intervals between pre- and posttests in at least 

one other study comparing physical and virtual activity. Klahr, Triona, and Williams 

(2007) administered pre- and posttest knowledge assessment questionnaires to the 56 

students participating in their study of the effectiveness of physical versus virtual 

materials just prior to, and immediately following, the building and testing of virtual and 

physical mousetrap cars. 

The decision to conduct posttests after treatments resulted in a reduced sample size 

(N = 42 rather than N = 82).   Repeating the same experiment with other groups or a 

larger sample is one way to address this limitation.  Finding significance in a smaller 

sample, however, can also be an indication that something meaningful is going on.  It 

should be noted that all but one of the key findings reported in this study are significant 

at both the .10 and .05 levels.  

In the next round of studies, larger samples, pre- and posttests conducted with both 

treatment and control groups, and longer time intervals between tests are planned. It will 

be interesting to discover if these preliminary findings are reproducible in future studies 

with other groups of young people under similar conditions. While we cannot be 

absolutely certain that the virtual/web treatment caused perceptual shifts in either 

direction, the results reported here do point to probable links between perceptions, mode, 

and gender.   
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Finally, as human development occurs over time, and the effects of activity on the 

self-concept are cumulative, it is also critical to collect longitudinal data “about the 

regularly occurring interactions and activities with the important people, symbols, and 

objects in the developing individuals’ lives” (Tudge, Mokrova, Hatfield, & Karnik, 

2009, p. 207).  Virtual activity such as internet use and video game play are examples of 

what Bronfenbrenner (2005) calls “enduring proximal processes” or patterns of activity 

that occur on a fairly regular basis over extended periods of time, and should be 

measured thusly.   
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6. Conclusion 

There are a few theorists who like to claim that all gameplay is creative. I 
think this is based on an assertion that decision-making is self-expressive, 
and that because the player is taking a hand in constructing her own 
experience, she is necessarily creating something.  From a philosophical 
standpoint, there may be merit in that argument, but I'm concerned with 
more practical considerations…[sic]...So, for my purposes, creative play 
means play that enables you to point at something in the game and say, 
"Look - I made that" (Ernest Adams, 2005, A few remarks on creative 
play. Gamasutra, April 29, 2005, para. 2). 

The research presented here examines two vital questions concerning the effects of 

moving activity from physical to virtual spaces. First, is there a relationship between 

creativity and agency perceptions based on how an activity is performed?  And, second, 

does gender matter?  Preliminary results indicate positive associations exist between 

virtual activity, creativity and agency perceptions, and gender.  Negative agency 

associations were also found, which were not gendered, and these must also be taken 

into account, examined more closely, and if held up in future research addressed by 

design.    

Girls who participated in the virtual movie-making task showed a positive increase 

in three creativity dimensions, particularly variables associated with an openness to 

ideas; a sensitivity to what can be seen, touched, or heard; a liking for reconstructing 

things and ideas; and an enjoyment of challenging tasks (Khatena & Torrance, 1998). 

The literature on gender and computers indicates girls approach computers as tools for 

production (Colley, 2003), preferring tools that support self-expression (Cassell, 1998, 

2002). The positive perceptual changes for creativity dimensions in this study suggest 

the Webkinz Studio application both supports content creation and offers a space for 

self-expression.  In the exit interviews we conducted, girls seem to be more satisfied 

than boys overall with Webkinz Studio as a production environment. 

Perceptions of agency were not as clear-cut, and not altogether positive. Only the 

boys who took part in this experimental study experienced any increase in agency 

perceptions, and only for variables associated with mastery or controllability, such as 

directing, taking a leading role, bringing about change, or producing new formulas or 

products.  Again, feelings of agency and control are frequently identified in video game 
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studies as important commodities of video game play, and appear to be hallmarks of 

successful game design, thus this finding was the most predictable. 

While gender differences appear in this study for three creativity perceptions, and at 

least one agency perception, both girls and boys experienced marked decreases in Self-

confidence and Inquisitiveness, agency dimensions that include variables such as being 

sure of oneself, wanting to learn or know, asking questions, and seeking recognition. 

Additional research is called for to explore these negative effects.  Because agency is 

considered critical to development, a diminishment in feelings of confidence, or a 

decrease in a young person’s willingness to ask questions, may have long-lasting 

negative repercussions. We need to identify these feelings within the context of IVT use, 

address their source, and design technology that supports rather than detracts from 

concepts of self. One way to do this is to examine the current research data further using 

qualitative research methods. 

6.1 Mixed methods for deeper analyses 

Hayes (2008a) calls for "… detailed quantitative and qualitative data to answer 

questions such as, how do the features of particular games or gaming experiences 

motivate content creation that enhances IT proficiency" (p. 106). We agree both 

quantitative and qualitative methods should be employed in the study of the effects of 

IVT use on children and youth.  The research presented here will be extended using 

qualitative methods to conduct further analyses of all of the data collected for this study.   

The data gathered includes exit surveys (see the “Post-task Interview Questions” 

handout, Appendix, A.3), videotaped observations of participants made during the two 

experimental treatments, and screen-captured or recorded copies of all of the participant 

movies made in the course of the two treatments.  Subsequent qualitative analyses of the 

data can provide a more nuanced understanding of the results reported in this study, and 

help answer some of the pressing questions that remain unanswered.  The central or core 

question that needs to be addressed is:  

To what extent and in what ways do participant exit interviews, videotaped 

observations of the experimental treatments, and the movies made during the 
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treatments, contribute to a more comprehensive understanding of the study results 

reported here? 

One key contribution the qualitative analyses can make to this research is a greater 

awareness of the roles affordance recognition and affordance use play in shaping 

perceptions.   

6.1.1 Exploring relationships between affordances and self-perceptions 

The qualitative data collected for this study can be used to identify what affordances 

were used in the movie-making process, and to point out the possibilities and the 

constraints associated with these affordances as they are articulated in children’s own 

words, or depicted by their own actions during the experimental treatments.  The 

byproducts of the two treatments – the physical and virtual movies – can also confirm 

the types and numbers of affordances recognized and used in the experimental 

treatments and, when compared to the significant results found in this study, determine if 

affordance recognition and use are associated with increases or decreases in perceptions 

of creativity and agency.   

Several questions concerning affordances can be addressed by the qualitative 

analyses: 

1. Is the ability (or inability) to recognize and use physical and virtual 

affordances connected to increases or decreases in creativity or agency 

perceptions? 

2. Are there gender differences associated with affordance use and creativity 

and agency perceptions?   

3. If gendered differences are linked to affordance recognition and use, do the 

differences support the findings of the current study? 

4. What contributions can such findings make to the design literature? 

Qualitative analyses can also be used to investigate potential reasons for decreases 

in agency perceptions associated with Self-confidence and Inquisitiveness in the virtual 

condition, and to examine both language and behavior associated with creativity and 

agency perceptions in both the physical/video and the virtual/web treatments. 
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6.1.2 Assessing perceptions through verbal and visual data analyses 

The videotapes of the physical and virtual tasks, the exit interviews conducted with 

study participants, and the final recorded movies can all be analyzed using methods 

compatible with qualitative analyses, such as verbal data analyses techniques (Geisler, 

2004). For example, participant statements, comments, or questions recorded in the 

videotaped observations of the physical and virtual treatments can be segmented into 

units of analysis, and coded to identify phenomena connected to creativity or agency 

perceptions.   

Coding participant language for variables such as those associated with Initiative, 

might be useful for identifying instances in which a person appears to be in control, 

assumes a leading role, orders or directs activity of others, or suggests new ways of 

doing things. If this type of analysis demonstrates boys use words or phrases associated 

with control or mastery more frequently than girls in the process of making virtual/web 

movies, it would support the significant results we reported that show an increase in 

Initiative for boys.   

In addition to coding verbal data, visual data can also be segmented and coded as 

“activity units” to identify, among other things, the frequency and range of affordance 

use, which could support the results reported for Environmental Sensitivity. For 

example, in their finished movies, how many times did the children participating in the 

study recognize and use the affordances available to them in the physical/video or 

virtual/web treatments?  Did they alter the framing or the types of shots used to make 

their movies?  Did they add music or change set backgrounds?  

As creativity perceptions for Environmental Sensitivity increased for the girls but 

not for the boys in this study if the visual data analysis confirms girls were more 

sensitive to affordances in the virtual treatment this finding would substantiate what was 

found in the experimental study.  On the other hand, if it were to be discovered boys are 

more sensitive to affordance choices this finding would complicate current results and 

generate more questions to address in future studies.   

The importance of conducting qualitative analysis of the physical and virtual 

treatments is threefold: 1) qualitative findings can support or complement the significant 

findings reported here; 2) new findings may be revealed that enrich the experimental 
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study; and 3) findings may come to light that dispute current findings and necessitate 

further investigation.  In this study, for example, no significance was found in the 

physical condition based on the KCTPI scores, however, coding and analyzing the 

videotaped observations made of participants during the experimental treatments may 

reveal trends associated with creativity or agency in the physical treatment that either 

went undetected or were unexplained here. Coding behaviors observed during the 

physical and virtual movie-making tasks can also help pinpoint and explain trends along 

gender lines.  

The study of complex systems requires more complex, multi-level approaches to 

research exploring children’s technology, particularly for studies attempting to capture 

or measure subjective experience or perceptions.  In this study, we measured creativity 

and agency perceptions as these emerged in physical and virtual play. Preliminary 

quantitative data analyses indicate perceptions are related to mode. Taking a qualitative 

approach to this research can only enhance our understanding of how concepts of self 

may be altered based on how an activity is performed.  More importantly, qualitative 

analyses can confirm notable trends found in this research are not simply the result of 

study methods or limitations, and can also provide critical information to improve the 

design of future studies.   

6.2 Recommendations for future studies  

Preliminary research shows the Creative Agency Model (CAM) provides a solid 

framework to guide future studies examining the effects of new media technology on 

creativity and agency perceptions that are critical to human development.  It offers a 

working formula for exploring subjective experience in the context of IVT use, and it 

contributes to the literature on technology research and design.  The CAM model can be 

strengthened going forward by ensuring reliable instruments are used to measure 

creativity and agency dimensions, and that the quality of the physical, virtual, or tangible 

products tested do not significantly influence or confound results.     
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6.2.1 Selecting and validating research measures 

The Khatena Torrance Creative Perception Inventory (KTCPI) was chosen for this 

study because it has proven validity and has been used successfully to measure 

perceptions in numerous other studies. The KTCPI has been frequently used to identify 

creative individuals or to evaluate educational programs.  In this study, the KTCPI 

instruments SAM and WK were not used as originally intended.  For example, we did 

not calculate total individual scores for each instrument with the purpose of identifying 

high, moderate, or low “creatives” (Khatena-Torrance, 1998).  Instead, we calculated 

only the raw scores for specially targeted SAM and WK factor orientations or variables. 

SAM and WK factors are scored separately on the KTCPI scoring worksheets to 

identify individual creativity orientations, however, for our research we identified, 

grouped, and scored only the factor variables or dimensions linked to feelings of 

creativity or agency (refer to Table 1, Appendix C.1, to review creativity and agency 

dimensions). We selected and combined these factors based on research that identifies 

personality traits or characteristics commonly associated with creativity and agency 

(Bandura, 1997; Craft, 2000). If the study were to be repeated using its original design, 

additional reliability testing would be conducted to assess the validity of using the WK 

and SAM factors as measurements of creativity and agency perceptions.  After 

conducting reliability testing, and depending upon the results, it may be necessary to 

further test, adapt, or construct our own scales using established guidelines (Bandura, 

2006).  

6.2.2 Assessing product quality to address potential confounds 

In this preliminary study movie-making using similar physical and virtual 

affordances was the activity selected for comparison.  In fact, the Webkinz Studio 

application inspired the treatment tasks designed for this research, which required fourth 

and fifth grade students to make movies on the topics of Halloween safety or pet care for 

children younger than themselves in grades K-2.  Webkinz Studio was also chosen 

because it could be easily replicated using physical materials (see Appendix B for 

photographic comparisons of the study settings). The researcher’s former experiences as 
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a filmmaker played a key role in shaping the physical environment to closely match the 

virtual one.   

Webkinz.com is a website that appeals to children under 18 years and is also 

slightly female centric, with “unofficial” Quantcast.com (2012) demographics showing 

more girls interact with the site than boys (56 percent to 44 percent).  To give these 

numbers some perspective, Quantcast demographics for general Internet use are 51 

percent female to 49 percent male.  Demographic information provided by 

Quantcast.com, while unofficial, provides some evidence Webkinz.com may be 

somewhat gender neutral.   

In forthcoming studies, comparisons made between similar physical, virtual, or 

tangible products can benefit from evaluations of products for parity.  If only to answer 

the question: Are experiences similar enough to draw conclusions from perceptions that 

emerge in the performance of physical or virtual activity? As participants in this study 

performed only the physical/video or the virtual/web movie-making activity, and not 

both, there was less concern about confounds related to within group comparisons.  

Additional qualitative analyses can be conducted on the current research to compare 

and/or evaluate the physical and virtual movie-making treatments to determine whether 

or not the quality of affordances were more or less equivalent. Doing this type of 

analyses can inform future research that aims to reproduce this study’s design.  

6.3 Reflecting on the current results  

Developmental theory and research, education and literacy studies, research in HCI 

and tangible design, as well as the earlier pilot and exploratory work that informed this 

experimental study, all suggest physical activity plays a significant role in human 

creativity and cognition.  As Dourish (2004) points out, “Interaction with physical 

artifacts, as has been explored, often also implies a reaching through those artifacts to a 

symbolic realm beyond” (p. 207).  While results show no increases in creativity and 

agency perceptions associated with the physical/video treatment, this does not imply the 

physical movie-making experience was void of meaning, only that we will need to dig 

deeper into the data to discover what was happening during the physical/video treatment. 
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Research on creativity suggests, if we consider the entire range of potentials for 

creativity for boys and girls, few if any gender differences are likely to emerge.  Any 

disparities that do appear may have more to do with opportunity than capability (Runco, 

2007).  Lubart (2010) observes that while some activities are identified with females and 

others with males across different cultures, “creative work is not inherently gender-

typed” (p. 269). In this study, however, gender differences in creativity perceptions 

appear to be more favorable in Webkinz Studio for girls; an unusual discovery that can 

provide insights into how we might encourage girls to become more tech-savvy. 

Agency results showing an increase for factor variables related to controllability are 

less remarkable, as feelings of mastery and control may be gendered in the context of 

computer use, as some of the research suggests (Colley, 2003; Turkle, 1984, 2005). Of 

all of the findings reported, however, the decreases in agency perceptions identified with 

feelings of self-confidence and assertiveness for both girls and boys would be the most 

troubling, if these were to be consistently reproduced in IVT use.  What do all of these 

findings mean for how we design technology in the future?  Some final thoughts are 

presented below. 

6.3.1 Does matter really matter? 

The null finding for physical effects raises more questions than it answers.  If we 

were to achieve the same results in multiple studies, what might this mean for IVT use 

and design?  What about research in tangible design?  Do we replace traditional physical 

activities with virtual ones because mode is irrelevant, or because it might be more 

convenient, cost-effective, or less messy as some would argue?  Do null results for 

physical effects diminish the value of research conducted in the field of tangible design 

which has shown early benefits of mixed reality environments?  Do the current findings 

negate the value of touch or hands-on physical activity for human development and 

cognition?   

For now we can only speculate about the null findings for physical/video effects. 

The lack of either positive or negative effects on creativity and agency perceptions could 

simply mean that the physical movie-making affordances adequately met, but did not 

exceed, participant expectations for making video movies.  At the very least, the 
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physical treatment did not appear to impose noticeable constraints that would diminish 

feelings of creativity or agency.  The video observations corroborate this, showing study 

participants actively participating in the production process without many complaints 

about the physical affordances.    

In the exit interviews conducted for the physical/video treatment, participants 

frequently commented they had all of the tools they needed.  The only things missing, 

according to four boys and two girls, were Halloween candy and trick-or-treat props.  

One girl stated she wanted costumes for the puppets, another girl wanted large paper to 

make cue cards, and one wanted “Blendy Pens” so she could write titles in two colors. A 

fifth grade boy commented, “If we had perfeshanal [sic] writers we would not have to 

write the script.” Unlike the virtual/web treatment, this was the only comment made in 

the exit surveys for the physical/video task about writing dialogue.  In the end, it is 

easier to theorize about the lack of negative results than it is the missing positive ones.   

As we noted before, there is little empirical evidence or comparative research 

available examining the effects of similar physical and virtual activity, or exploring the 

benefits of tangible versus physical or virtual activity.  The few studies that have been 

conducted, including this one, all report null or mixed results when weighing or 

measuring like physical and virtual interactions (Klahr, Triona,  & Williams, 2007; 

Marshall, 2007; Xie, Antle, & Motamedi, 2008).   

In one of the other two studies mentioned, no significant effects were reported in a 

comparison of physical and virtual materials on an engineering activity involving the 

design and testing of mousetrap cars (Klahr et al., 2007). Girls and boys performed 

equally well on tasks in both modes.  The only key difference reported was related to 

girls’ confidence levels, which increased between pre- and posttests for physical and 

virtual task treatments, but were significantly lower than boys overall for both 

conditions.  In the end, Klahr et al. (2007) conclude materials do not have an effect on 

confidence levels, at least in the context of the study they conducted, and girls were “not 

disadvantaged by using virtual materials” (p. 198).    

A second study comparing a similar physical, virtual (called “graphical” by the 

authors), and tangible puzzle-building activity to measure children’s enjoyment and 

engagement, found little difference in enjoyment for all three interface styles based on 
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self-reports (Xie, et al., 2008).  The study did identify some gender differences in the 

physical and virtual modes: girls scored significantly higher on an Interest and 

Enjoyment subscale for the physical puzzle building activity, while boys scored 

significantly higher for the virtual.  It is impossible, though, to generalize about the 

benefits of physical, virtual, or tangible interactions based on the mixed findings 

emerging from these initial comparative studies.    

Several important, fundamental questions are raised for future experimental research 

contrasting modes.  For example: What do we want to measure, and how will we 

measure it?  Do we use or adapt existing measurement tools or create new ones?  Are we 

measuring the effectiveness of physical and virtual materials for learning and 

performance outcomes? Exploring feelings of engagement and enjoyment in the context 

of playful learning?  Identifying perceptions of creativity and agency as these emerge in 

the performance of physical and virtual play?  What else ought we be measuring?   

To answer these and similar questions, we also need to consider the goals of such 

research.  Are we trying to determine which physical activities transfer best to virtual or 

tangible environments? Are we seeking to support or advocate the use of virtual 

technology, including video games, Internet sites, and mobile applications for informal 

or formal learning?  Are we trying to positively influence technology design?  Are we 

marketing a new technology to children and youth?  If the purpose is purely a 

commercial one, why not enrich IVT design so that it first, respects young people as 

active participants in shaping virtual culture and, second, encourages the creative sorts of 

play activity deemed necessary for playful learning?  

Whatever questions are posed, adopting research approaches that are informed by 

the performance of activity in ecologically sound contexts can provide more accurate 

information about which environmental affordances – physical, virtual, or tangible – 

produce positive creativity and agency perceptions that are believed to be vital to human 

development.    

6.3.2 Master or bricoleur:  Gender, control, and creativity in virtual play 

Mastery feelings have long-been associated with males in computer use and 

programming (Colley, 2003; Turkle, 1984, 2005).  Turkle (2005), identifies females as 
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“soft masters” who approach computer programming differently than do males, who are 

often thought to be “hard masters,” with “the hard masters treating it [programming] like 

an abstract entity – a Newtonian particle – the soft masters treating it more like a 

physical object: a dab of paint, a building block, a cardboard cutout (p. 103). 

According to Turkle, by the age of 10 “Children’s primary interest in computers is 

in what they can do with them” (p. 131).  She adds:  

This stage is dominated by action, not reflection. The hards and the softs, 
the girls and the boys, are looking for challenges to meet: to beat a game, 
to produce startling visual effects. Their interests are to make, to do, to 
master (p. 131). 

The study conducted here seems to back up Turkle’s (1984, 2005) observations.   As 

creativity is “bound up in making things” (Do & Gross, 2007, p. 28), and as soft masters 

– identified for the most part, though not always, as “female” – look at computers as 

tools for making things, then perhaps control for soft masters is expressed in the 

performance of creative acts, and articulated in feelings of  “Look – I made that” 

(Adams, 2005, para. 3).  Research in HCI and video games, as well as the results of this 

study, suggest girls exercise environmental control through creative activity, while boys 

enact creativity by exerting control over the environment.  It may boil down to the 

difference between (to borrow Adams’ words), “I made that” and “I made that happen.” 

 This distinction is an important one, because it supports the idea that creative 

activity, performed in virtual spaces, can become a gateway to IVT proficiency for both 

girls and boys.  For soft masters creative activity itself is a form of control; for the hard 

masters, creativity happens because they are in control.  It is a distinction supported by a 

feminist approach to software design that, as Cassell (1998) explains, considers the 

computer as a tool for expression and places an emphasis on the personal appropriation 

of technology. Thus increases in creativity and agency (defined as controllability) 

perceptions, while appearing to be different things, may both lead to a better 

understanding of what technology can do and what children can do with technology. 

6.3.3 Power settings and negative agency perceptions 

Virtual environments not only produce feelings of mastery or control, but are also, 

by the very nature of their design, power settings.  As Bronfenbrenner (1981) points out 
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“The active participants in these settings, the persons who allocate the resources and 

make the decisions, are those whom C. Wright Mills called ‘the power elite’…” (p. 255). 

In closed, virtual environments feelings of agency related to confidence in one’s 

abilities, or inquisitiveness about one’s capabilities, may be shut down when goals or 

intentions are limited by design.  If, for example, I want to make or do something 

seemingly reasonable but cannot, and I do not understand why I cannot, then no matter 

how media rich an environment is it will produce feelings of powerlessness.   

Constraints to agency in virtual settings can also produce negative self-evaluations 

that are antithetical to healthy development. Bruner (1996), who writes “success and 

failure are principal nutrients in the development of selfhood” (p. 36), clarifies:  

Not only do we experience self as agentive, we evaluate our efficacy in 
bringing off what we hoped for or were asked to do. Self increasingly 
takes on the flavor of these valuations.…It combines our sense of what 
we believe ourselves to be  (or even hope to be) capable of and what we 
fear is beyond us (p. 37). 

 Virtual environments that shore up positive self-concepts are those that stress 

production rather than consumption.  Gee (2007a) notes video games come embedded 

with tools that permit players to modify game environments, but more can be done if 

young people begin “to think like a designer, to reflect on the ways in which the 

grammar of game of a game’s design invites or retards the goals, choices, and actions 

one wants or needs to take” (p. 137).  He also explains, players “co-design games 

through their unique actions and decisions” and use modification software to create 

“new scenarios or whole new games” (Gee, 2007b, p. 216).   

Adams (2005) points out computer programming can inspire a form of creative play 

that is “challenging, constructive, and rewarding” (Game modifications, para. 3).  

Learning to manipulate code in an expressive way, even at a very basic level, is also 

empowering, and could eventually lead to extraordinary acts of virtual creativity such as 

the recreation of the massively multiplayer online game (MMOG) “Uru”” in games such 

as “There” and “Second Life”  (Pearce, 2006).  Content creation at this level, requires 

technological proficiency beyond that of typing script dialogue on a keyboard or 

selecting actors and backgrounds in a virtual movie studio. While opportunities for 
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creative or imaginative play exist in technology spaces such as video games and Internet 

environments, much more can be done to enhance virtual environments.  

Take a web application like Webkinz Studio, for example. How could this particular 

environment be used to teach basic programming skills under the guise of movie-

making?   Might a basic visual programming tool be embedded in a drop down menu 

and used to animate character movement or to change shot angles or composition? 

Would completing simple programming tasks be rewarded upon successful execution 

with new creativity tools or design options?  A number of video game companies offer 

machinima15 tools for making and sharing movies based on video game play. How much 

of a stretch would it be to use a movie-making application such as Webkinz Studio to 

encourage children to experiment with computer code? Could such activity offer young 

people, girls and boys alike, a chance to pull back the curtain, so to speak, and allow 

them to practice more sophisticated IVT skills?   

6.4 A metaphor for design 

Studies of young people and virtual technology use must stretch beyond the 

immediate goals of inspiring video game play or Internet use in order to develop IT 

proficiency or computer programming skills.  The new virtual landscapes inhabited by 

children and youth, including video game and Internet environments, mobile 

applications, and those yet to be discovered, call for rigorous measures and robust 

research methods and designs to better understand the effects of playing within the 

confines of simulated worlds.     

It is incumbent upon researchers to search for meaning and implications, to discover 

how the transfer of activity from physical to digital environments impacts a person’s 

burgeoning sense of self, and to spell out how transforming physical activity to digital 

activity changes our ways of being in the world.  As researchers we need to demonstrate 

whether and how productive IVT practices benefit young people – girls and boys alike – 

and support healthy development overall. The research conducted in this experimental 

study takes a small step in this direction.  Many more such steps need to be taken. 

                                                
15 Machinima is a filmmaking technique that uses real-time, 3D video game engines or stand-alone 
applications for making movies in a virtual environment with virtual avatars, actors, or objects. 
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Klopfer, Osterweil, and Salen (2009) use the expression “digital clay” to describe 

virtual worlds that support learning, suggesting, “The future may lie in open source 

platforms that are more amenable to games” (p. 15).  The phrase “starter reef” has also 

been used to describe open systems (Spinuzzi, 2003).  Both “digital clay” and “starter 

reef” provide wonderful metaphors for how we approach technology design.  Starter 

reef, though, seems the more robust of the two, as it conjures up virtual landscapes that 

balance structure with freedom for imagination, providing spaces for content creation 

and invention, and places where young people can play alone or together to create 

something uniquely their own.  A design philosophy that embraces such a rich metaphor 

can only enrich virtual interactions in the long run.     
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Appendix A – Task Handouts 
 

A.1   Script Research – Handout 1 

 
                        HOW TO CARE FOR PETS 

 
Pet Safety Rules:  
• Pets should never be hit with a hand or other object, or otherwise physically hurt. 
• Pets should never be teased and taunted with food or toys. 
• Pets should not be bothered or startled when they’re eating, chewing on a toy, sleeping, or if  
   they are seriously hurt or ill. 
• As you approach a pet, softly call out to the pet to avoid surprising the pet. 
• Slowly extend a hand “for smelling” when greeting a pet. Animals use scent to identify people. 
• Do not approach another person’s pet before asking if the pet is friendly! 
 
Pet “Language”: 
Pets can’t talk, but they can tell us things by their “body language.” For example, dogs show they 
are comfortable by wagging their tail. They show fear or anger by growling or laying back their ears. 
Those behaviors are warnings to stay away. Pet owners must learn to respect pet body language.  
Here are some of the ways animals tell us what they are feeling: 

 
• Cats purr, rub against a person’s legs, or stretch out for petting when they are being friendly. 
• Cats hiss, scratch, put ears flat, arch backs, and/or flick tails to say: “Back off!” 
• Dogs that wag tails are acting happy, while a tail between its legs means a dog is scared. 
• Dogs that are scared may drop low to the ground, ears will be flat, and they will visibly  
   tremble. 
• A playful dog will exhibit the “play bow:” its front legs will be stretched forward, head straight  
   ahead, rear end up in the air, possibly wiggling.  

      • A fearful dog often whines or growls and might even bare its teeth in defense.   
• Pets should be able to refuse play they don’t enjoy and walk away. For instance: a dog or cat  
   should not be forced to play “dress up” or be treated like a doll. 

 
Caring for a Pet: 
The best mannered and healthiest animals aren’t fed human food and aren’t confused by being 
allowed on top of tables or fed from tables.  Here are some other tips for a healthy and happy pet! 
 
• Pets need daily play time and exercise in safe settings. 
• Indoor pets need regular potty breaks. Indoor cats need litter boxes cleaned daily. 
• When walked on sidewalks or busy streets, a dog should wear a collar, nametag, and leash. 
• Pets deserve safe, clean, and fun toys to keep their minds alert and bodies relaxed. 
• Pets should never be left outside without shelter in extreme heat, cold, or storms. 
• Pets need fresh water at all times. Food should be provided in a bowl, not by hand.  
• Pets need a safe and sanitary place to sleep and nap. 
• Dogs need periodic baths (cats benefit from them, too. 
• Pets need an annual veterinarian exam with necessary vaccinations. 
• And last, but not least, pets need daily doses of love and affection. 

 
Teach Kids Caring and Safe Ways with Pets                                                                                  http://www.oh-
pin.org/articles/pex-04-teach-kids-caring-and-saf.pdf 
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A.2   Script Research – Handout 2 

 

Halloween Safety Tips 
Halloween is an exciting time of year for kids, and to help ensure they have a safe 
holiday, here are some tips from the American Academy of Pediatrics (AAP). Feel free 
to excerpt these tips or use them in their entirety for any print or broadcast story, with 
acknowledgment of source.  
 

ALL DRESSED UP: 

• Be sure to have flashlights with fresh batteries for all children and adults who accompany them. 
• Plan costumes that are bright and reflective. Make sure that shoes fit well and that costumes are 

short enough to prevent tripping, entanglement or contact with flame.  
• Add reflective tape or striping to costumes and Trick-or-Treat bags for greater visibility.  
• Masks can limit or block eyesight. Non-toxic makeup and decorative hats as safer alternatives.  

Hats should fit properly to prevent them from sliding over eyes. 
• Be sure store bought costumes, wigs and accessories have “flame resistant” labels on them. 
• If a sword, cane, or stick is a part of a costume, make sure it is not sharp or too long. A child can 

easily be hurt by these accessories if he or she stumbles or trips.  
 

GOING IT ALONE OR WITH FRIENDS ON THE TRICK-OR-TREAT TRAIL: 

• Parents or responsible adults should always accompany younger children.  
• Older children, who are going alone or with friends, should follow a route that is acceptable to 

parents and agree on a specific time when they should return home.  
• Only go to homes with a porch light on and never enter a home or car for a treat. 
• Stay in a group and communicate the route you will be traveling.    
• Carry a cell phone for quick communication.  Dial 9-1-1 or know your local emergency number. 
• Remain on well-lit streets and always use the sidewalk.  
• If no sidewalk is available, walk at the far edge of the roadway facing traffic.  
• Never cut across yards or use alleys.  
• Only cross the street as a group in established crosswalks (as recognized by local custom). Never 

cross between parked cars or out driveways. 
• Don't assume the right of way. Motorists can have trouble seeing “Trick-or-Treaters.” Just because 

one car stops, doesn't mean others will!  
• Law enforcement authorities should be notified immediately of any suspicious or unlawful activity. 

 

CANDY SAFETY: 

• Wait until you are home to sort and check treats. A responsible adult should closely examine all 
treats and throw away any spoiled, unwrapped or suspicious items.  

• Try to ration treats for the days following Halloween.   
• A good meal prior to parties and trick-or-treating will discourage you from filling up on Halloween 

treats.  
 

Halloween Safety Tips © 10/09 American Academy of Pediatrics 
http://www.aap.org/advocacy/releases/octhalloween.cfm 
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A.3   Exit Survey – Handout 3 

 
Post-task Interview Questions: 

1.  What steps did you take to make your movie? 
 
 
 
 
 
2.  What tools did you have to make the movie? 
 
 
 
 
 
3.  What tools did you use to make the movie? 
 
 
 
 
 
4.  Did you have any favorite tools?  Can you tell me about them? 
 
 
 
 
 
5.  Did you want other tools that you did not have?   Can you tell me about these other 
tools? 
 
 
 
 
 
6.  What do you think you would you have done differently if you had those tools? 
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Appendix B – Research Settings 

 

 

Figure B.1.  Computer lab setting 

 

Figure B.2.  Webkinz movie-making task PC stations 
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Figure B.3.  Virtual "actors" 

 

 

 

Figure B.4.  Virtual Halloween set background 
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Figure B.5.  Physical movie-making set replica of virtual storefront 

 

 

Figure B.6.  Physical set with puppet actors  
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Figure B.7.  Additional puppet actors 

 

 

Figure B.8.  Physical background replica of virtual Halloween set 
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Appendix C – Key Tables  

C.1   Table 1 

Table 1.  Creativity and agency dimensions and variables 

 

 
 

 
 

 

 
Creativity 
Factors: 

 
Factor Variables – 
Creativity 

 
Agency Factors: 

 
Factor Variables –  
Agency 
 

 
SAM1: 
Environmental 
Sensitivity 

 
- Openness to ideas; 
relates ideas to what can be 
seen, touched, or heard; 
sensitive to meaningful 
relations 

 
SAM2: Initiative 

 
- Directs others/plays 
leading roles; produces new 
formulas or products; brings 
about changes in rules or 
ways things are done 
 

SAM4:  
Intellectuality 

- Enjoys challenging tasks; 
intellectual curiosity; 
imaginative; likes to 
reconstruct things and 
ideas; dislikes doing things 
the way others require 
 

SAM3: Self-strength - Sureness of own talents; 
finds new ways to do things; 
takes risks; desires to do 
better; organizational ability 

SAM5: 
Individuality 

- Preference for working by 
self; starts and continues 
projects on own; thinks for 
self; considered different by 
others; works for long 
periods of time without 
getting tired 
 

WK2: Self-
confidence 

- Sure of oneself, full of 
energy; gets along well with 
others; wants to learn or 
know; finishes task at hand; 
remembers well 

WK5:  Disciplined 
Imagination 

- Full of energy; 
imaginative; never bored; 
tries difficult tasks; prefers 
tasks that are challenging; 
does not give up easily; 
finishes tasks at hand, 
works hard; adventurous 

WK3: Inquisitiveness - Always asking questions; 
feels strong emotions; talks 
a lot, demands recognition; 
insists on rights, is obedient 
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C.2   Table 3 

Table 3.  Research questions, hypotheses, and associated factors 

 

 

 

 

 

 

 

 

 

Research  
Questions: 
 

 
Hypotheses: 

 
Factors: 

 
RQ1: What are the effects of 
physical activity on children’s 
perceptions of creativity? 
 

 
H1: Physical activity will 
have an effect on children’s 
perceptions of creativity. 

 
SAM1, Environmental Sensitivity; 
SAM4, Intellectuality; SAM5, 
Individuality; WK5, Disciplined 
Imagination. 

RQ2: What are the effects of virtual 
activity on children’s perceptions of 
creativity? 

H2: Virtual activity will have 
an effect on children’s 
perceptions of creativity. 

SAM1, Environmental Sensitivity; 
SAM4, Intellectuality; SAM5, 
Individuality; WK5, Disciplined 
Imagination. 

RQ3: What are the effects of 
physical activity on children’s 
perceptions of agency? 
 

H3: Physical activity will 
have an effect on children’s 
perceptions of agency. 

SAM2, Initiative; SAM3, Self-
strength; WK2, Self-confidence; 
WK3, Inquisitiveness. 

RQ4: What are the effects of virtual 
activity on children’s perceptions of 
agency? 
 

H4: Virtual activity will have 
an effect on children’s 
perceptions of agency. 

SAM2, Initiative; SAM3, Self-
strength; WK2, Self-confidence; 
WK3, Inquisitiveness. 

RQ5: How do the effects of 
physical activity on children’s 
creative agency perceptions differ 
from the effects of virtual activity on 
children’s creative agency 
perceptions? 
 

H5: There will be an effect 
on children’s creative 
agency perceptions based 
on how an activity is 
performed. 

SAM1, Environmental Sensitivity; 
SAM2, Initiative; SAM3, Self-
strength; SAM4, Intellectuality; 
SAM5, Individuality; WK2, Self-
confidence; WK3, Inquisitiveness; 
WK5, Disciplined Imagination. 

RQ6: Is gender associated with 
creative agency perceptions based 
on how an activity is performed? 

H60: There will be no 
significant association 
between gender, how an 
activity is performed, and 
creative agency 
perceptions.  

SAM1, Environmental Sensitivity; 
SAM2, Initiative; SAM3, Self-
strength; SAM4, Intellectuality; 
SAM5, Individuality; WK2, Self-
confidence; WK3, Inquisitiveness; 
WK5, Disciplined Imagination. 
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C.3   Table 6 

Table 6.  Summary of significant results and *effect sizes 
(*S-small, M-medium, and L-large)    

 

 
       

RESULTS Paired-
samples 

Paired- 
samples 

Paired-
samples  

Ind.- 
samples 

One-way 
ANOVA 

Ind. 
samples 
[males]  

Ind.-
samples            
[females]  

  
 

 
H1: Physical 
activity will 
have an 
effect on 
perceptions 
of creativity. 
 

H2: Virtual 
activity will 
have an 
effect on 
perceptions 
of creativity. 

 
H3:  Physical 
activity will 
have an 
effect on 
perceptions 
of agency. 

 
H4: Virtual 
activity will 
have an 
effect on 
perceptions 
of agency. 

 
H5: There 
will be an 
effect 
associated 
with how 
activity is 
performed 
and creative 
agency 
perceptions. 

 
H60: There 
will be no 
significant 
association 
between 
gender, how 
an activity is 
performed, 
and creative 
agency 
perceptions.  

 
H60 

 
H60 

   
H1 & H2  
rejected 

 
 H3  
rejected 

 
H4 
confirmed 

 
H5 
confirmed 

 
H6 
confirmed for 
ANOVA 

  
H60  rejected 

  
H60 rejected 
 

 

CREATIVITY 
FACTORS 

              

 
SAM1:     
Environment-
al Sensitivity 

             
increases  
virtual, *L 

 
SAM4:  
Intellectuality 

             
increases 
virtual, *M 

 
SAM5:  
Individuality 

              

 
WK5: 
Disciplined 
Imagination 

             
increases 
virtual, *M 

 
AGENCY 
FACTORS 

              

 
SAM2: 
Initiative 

     
increases 
virtual, *M 

 
increases 
virtual, *S  

   
increases 
virtual,  *L 

  

 
SAM3:  Self-
strength 

              

 
WK2: Self-
confidence      

     
decreases 
virtual, *M 

        

 
WK3: 
Inquisitive-
ness 

     
decreases 
virtual, *M 

        


