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Introduction 

 The world of technology is changing at a rapid pace with new technology, new video 

games, and new software, among other things, being developed and integrated into education 

almost on a daily basis.  Individuals are being introduced to technology even before they learn to 

walk and talk; studies have been conducted as to why introducing technology to children is 

important.  According to a joint position statement of the National Association for the Education 

of Young Children and the Fred Rogers Center for Early Learning and Children’s Media at Saint 

Vincent College (2012), it was stated that technology and interactive media are tools teachers 

and administrators should be using in their early childhood programs serving children birth 

through age 8.  This is assuming that the tools are used intentionally and appropriately to support 

learning and development and not only for games or entertainment.  

 Another area of concern in education is increasing awareness of the Science, Technology, 

Engineering, and Technology (STEM) careers and developing those skills in students for future 

career opportunities.  According to the National Alliance for Partnerships in Equity (n.d.), the 

science and engineering workforce has grown at a 1.4% growth rate annually sustaining growth 

for more than half a century.  Eberle (Sept/Oct 2010) stated that of the 20 fastest growing jobs 

for 2014, 15 will require significant math or science knowledge….it is imperative that we begin 

to make STEM education a top priority in our nation.   

One of the newer forms of technology in education students are being introduced into are 

virtual learning environments.  Developing knowledge in STEM careers and utilizing the 

technology that is available is key in education.  Students learn best when they feel that it is 

important to them and, according to Davis (1993), when the students can be actively involved in 

the learning.  The purpose of the qualitative study will be to bring the STEM career information 
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and the technology-based virtual learning environment (VLE) together to determine if secondary 

level students feel a sense of presence (or actively involved) while they are learning.  Does 

interaction in three-dimensional virtual learning environments by secondary level students 

provide a sense of presence while investigating STEM careers? 

The results of the study will be relevant to determine if students felt they were involved 

in the learning process by having a sense of presence and whether they learned about the STEM 

careers for future retrieval.  Once the students participate in the VLE, interviews will be 

conducted to determine mastery of the topics and the overall satisfaction of the learning 

environment.  The study is assuming that students have adequate access to the appropriate 

hardware, software and Internet connectivity that would be needed to access the virtual learning 

environment.  Limitations during the study period that may be a factor would be adequate 

bandwidth and computer hardware and software availabilities.  

Literature Review 

 

Virtual reality 

In defining virtual reality, numerous applications surface as to the specific environment 

that is being analyzed. Many tend to define virtual reality by connecting it to a specific 

technological piece of hardware, while others define it as merely a piece of software. For this 

study, the focus will be on defining it as “a realistic simulation of an environment, including 

three-dimensional graphics, by a computer system using interactive software and hardware” 

(“Virtual Reality”, n.d.).  Using the above-mentioned definition will incorporate the environment 

that the study will use in future cases. 

According to NCSA (1995), virtual reality seems to be a thing of the present, however, its 

roots reach back four decades from a young electrical engineer and former naval radar technician, 
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Douglas Engelbart.  Engelbart’s first ideas of using computers to enhance digital displays of 

radars helped to begin the virtual reality frame of mind.  One of the most influential precursors of 

virtual reality was the use of flight simulators in the military.  The use of the simulators allowed 

the military to train pilots without having the expense of jets and it was a much safer training 

exercise.  The military and governmental agencies were not the only ones interested in the use of 

these sophisticated graphics.  The entertainment industry became a huge producer of virtual 

reality and special effects use.  By the early 1980s the video gaming industry was beginning to 

see a significant increase in production and consumer purchasing.  The development of high-

performance computers in the mid-1980s allowed the development of sophisticated, advanced 

programs and high rendering graphics to produce levels of interactivity which scientists, 

programmers and consumers were searching for.  Pinball machines were being replaced by more 

sophisticated virtual reality and gaming devices.  The forward progression of virtual reality is a 

rapid moving one that the answer is still unknown.  It is not only for gaming purposes.  Virtual 

reality is being used in organizations for training purposes, classrooms for instruction, training 

simulations with equipment or motorized vehicles and social media. 

 Studies have shown that virtual reality environments can be helpful for aiding in the 

learning experience when based on authentic practices and experiences (Barab, Thomas, Dodge, 

Squire, & Newell, 2004; Dede, Nelson, Ketelhut, Clarke, & Bowman, 2005; Onda, 2012).  

Furthermore, lifelike multimedia effects and computer-simulated situations make it possible for 

the construction of either a real or virtual learning environment, or a combination of both, that 

can facilitate learning in a variety of situations (Chung, 2012).  Examples of this can be seen 

through the use of two such environments known as River City and Quest Atlantis.   
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 River City is a technology-based middle school science curriculum project was funded by 

the National Science Foundation and utilizes graphical multi-user virtual environments 

(MUVEs) as a vehicle to study (1) classroom-based situated learning and (2) the ways in which 

virtual environments may aid the transfer of learning from classroom contexts into real world 

settings (Dede et al., 2005).  River City’s curriculum was designed to enhance engagement and 

learning in middle school science.  In River City middle school students learn to behave as 

scientists while collaboratively identifying problems through observation and inference, forming 

and testing hypotheses, and deducing evidence-based conclusions about underlying causes (Dede 

et al., 2005).  In particular, River City immerses the participants in a virtual world whose 

residents face chronic illness.  The students work together collaboratively with each other’s 

‘avatars’, digital artifacts, tacit clues, and computer-based ‘agents’ acting as mentors and 

colleagues in a virtual community of practice to solve the city’s problem with illness (Dede et al., 

2005). 

Quest Atlantis is a learning and teaching project that uses a 3D-virtual environment to 

immerse children, ages 9-12, in educational tasks (Gerstein, 2009).  According to Barab et al. 

(2004) QA combines strategies used in commercial gaming environments with lessons from 

educational research on learning and motivation.  Furthermore, it allows users at participating 

elementary schools and after-school centers to travel through virtual spaces to perform 

educational activities known as quests (Gerstein, 2009).  They are able to talk with other users 

and mentors as well as build virtual personae.  The focus is on engaging classroom culture and 

relevant aspects of student life to inspire participation consistent with social commitments and 

educational goals interpreted locally (Barab et al., 2004). 
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Situated cognition 

 Situated cognition (also known as situated learning) is a learning theory that has been 

drawn from the work of cognitive scientists and is based on the premise that learning is 

influenced by the situation in which it occurs (Brown, Collins, & Dugid, 1989; Lave & Wegner, 

1991; Onda, 2012).  According to Clancey (1997) the theory of situated cognition claims that 

every human thought and action is adapted to the environment that is, situated, because what 

people perceive, how they conceive of their activity, and what they physically do develop 

together.  He goes on to state that situated cognition is the study of how human knowledge 

develops as a means of coordinating activity within activity itself.  Similarly, Scheppke (2005) 

(as cited in National Council of State Boards of Nursing, 2005) stated that this theory of learning 

requires interaction by the learner and is most effective when it takes place in an authentic 

environment, with learners working on real-world activities.   

 According to HsiuMei and ShuSheng (2011) knowledge must be presented in authentic 

settings and relevant situations to be properly understood.  Social interaction and collaboration 

are essential components of situated learning.  HsiuMei and ShuSheng (2012) stated that for 

effective knowledge acquisition, the learning context is expected to construct an instructional 

environment sensitive to the task learners must complete to be successful in practice.  

Furthermore, they stated that the learning context can include experiences of engaging with and 

interacting in the social, psychological, and material environment in which the learner is situated.   

 Situated cognition has been used in various disciplines to promote student learning to 

master competency within specific environments.  Health care settings are one instance that 

demands high competency levels within the environment.  According to Onda (2012) nurse 

educators are starting to use situated cognition via simulations in nursing education to promote 
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the clinical competency of learners.  For example, for use in nursing education, standardized, 

reproducible, clinically accurate simulated patient care experiences can be developed to help 

provide students with the opportunity to identify common patient problems and demonstrate 

appropriate interventions.   

 Many educators exploring the model of situated learning have accepted that computer 

technology can provide an alternative to real-life settings (HsiuMei & ShuSheng, 2011).  Virtual 

reality simulations enable learners to engage in learning in a realistic-looking environment.  For 

example, HsiuMei and ShuSheng (2011) conducted a study where a Virtual Hospital Situated 

Learning System (VHSLS) used virtual reality to develop a virtual learning environment focused 

on human organ anatomy.  Results of the study indicated virtual reality features and perceived 

usefulness variables were predictors for situated learning.  Furthermore, the results were found to 

be statistically significant and indicated that situated learning helped to improve the motivation 

to learn (HsiuMei & ShuSheng, 2011).  

 Language learning is another area that has been able to incorporate 3D-virtual reality into 

the curriculum.  Chung (2012) conducted a study on the effect of incorporating Second Life, a 

virtual reality system, into college English classes.  The aim of the study was to explore changes 

in learning outcomes after using virtual reality instruments as teaching materials, specifically, 

how digital environments affect the performance and motivation among undergraduates.  The 

research design used in this study was a semi-experiment.  An experimental group was taught 

with Second Life, while a control group received conventional one-way lectures.  Results of the 

study indicated significant improvement in the group of first year students who were taught using 

virtual characters and using virtual reality as teaching aids greatly improved students’ 

performance and motivation (Chung, 2012). 
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 The development of virtual reality environments has created the need and opportunity for 

investigating the feasibility of using these environments to help prepare students for careers in 

STEM.  Online gaming has become a new challenge and opportunity for teachers to assess 

students in problem-solving skills while abiding by the common core standards.  Freeman (2013) 

states that SimCityEDU has developed a learning game that allows teachers the opportunity to 

implement middle school science classrooms with curriculum in the STEM areas through the use 

of virtual lesson plans and games.  SimCity takes the students into an environment where they 

must hone their skills through “…urban planning, environmental management and socio-

economic development…” (Freeman, 2013).  These virtual environment games are aligned with 

the U.S. Common Core standards that are used to prepare students for college and a career after 

graduation. 

Sense of presence with virtual learning environments 

 Several studies have been conducted on the sense of presence in the virtual reality and 

virtual learning environments but there is not a common definition of presence.  However, as 

noted by Jurnet, Beciu & Maldonado, “there is a consensus to define it as a multi-component 

construct influenced by technological factors on the one hand, and by human factors on the other 

hand” (pg. 133).  Their study was focused on the relationship between spatial intelligence and 

sense of presence and found that participants “…with high spatial intelligence, introversion and 

test anxiety tend to experience a higher degree of presence” (pg. 140). 

 Witmer and Singer (1998) conducted a study to measure sense of presence in virtual 

environments.  They noted that the effectiveness of virtual environments had been linked to the 

sense of presence that a user felt while being immersed into the environment and wanted to 

determine what those factors were.  One thing found during the study was “the more control a 
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person has over the task environment or in interacting with the VE, the greater the experience of 

presence” (Witmer & Singer, pg. 229).  Their research indicated that control was essential for a 

strong sense of presence to occur and that other factors are also important.  However, the 

research also noted it did not claim to have uncovered all of the factors that could possibly affect 

the sense of presence but a considerable amount of progress was made.  

 Creating a virtual environment from a sense of presence standpoint is an area of study 

that software designers are interested in order to create a usable product.  Hendrix conducted an 

exploratory study and found “…visual and auditory display factors strongly influence the 

subject’s sense of presence within virtual environments” (pg. 116).  These findings would be 

beneficial to individuals creating a virtual learning environment as in the environment that was 

created for this study. 

Creation of the Virtual Environment 

 The team will build a single-user virtual space where students (avatars) interview virtual 

grown-ups (avatars) who are employed in STEM careers.  The space will feature interaction and 

exploration.  The software selected to develop the virtual environment for this project is Unity, a 

fully integrated development engine that creates games that run on various platforms including 

computers, devices, and gaming systems.  There is a free version for trial use and a Pro version 

that boasts a “robust, flexible and high-quality toolset to develop creative and commercial 

content, and includes deployment for mobile, desktop and Web platforms” (Unity, 2013).  The 

free version of Unity V4.1.5 was used for development.  The scripts were written in JavaScript 

and C#.  Unity supports the creation of real time gaming content for a variety of uses beyond 

gaming to include use for advertising and retail.  The 3D modeling program SketchUp was used 

to design some of the virtual world objects in this project.  SketchUp is a three-dimensional 
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Computer Aided Drawing (CAD) software that makes it easy to create and then export objects 

for use in other applications.  The format used for integration into Unity was .FBX.  

 The architecture in the environment was created and furnishings assembled using 

Trimble’s SketchUp Pro.  The upgraded Pro version is available free to educators and allows 

advanced features as well as exportation into various commonly used computer aided design 

(CAD) file formats.  The building consists of a series of modular cubes each composed of:  wall 

panels, various sized windows, doors, and an enclosing structural system.  The development 

team created all of these components.  The comprised building is two stories, designed with nine 

classrooms, various office areas, and a library all connected by a central corridor.  Clerestory 

windows provide adequate natural light to the interior.  Furnishings for the interior were 

downloaded directly from within the applications repository of available and free models from 

3D Warehouse.  None of these items were modeled directly by the development team, but rather 

downloaded and inserted into place.  Once completed, the three-dimensional model along with 

its related texture maps were exported into the Autodesk FBX file format, an industry accepted 

format used for its interoperability within various CAD programs. 

 The construction of the virtual environment were determined to be best facilitated by 

beginning with a game build for a battling style game from a previous doctoral program project.  

The original project was a serious game for teaching commercial market primary research best 

practices to researchers, entrepreneurs and technology transfer professionals.  The virtual 

environment’s interactive interview engine was re-purposed for questions posed by students 

about careers based on the professional positions that were selected for the project.  Various 

secondary features of the original design were modified or removed to better fit the audience of 

the current project and the virtual environment became known as Careertown. 
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 The content team selected four different careers representing each STEM category: 

Science, Technology, Engineering, and Math.  Each career was represented in the virtual 

environment by an interactive avatar (automated virtual characters).  The four avatars were 

programmed to represent virtual workers in the pharmacy, computer programming, engineering, 

and accounting fields.  These positions were chosen as jobs that students may have been more 

familiar with.  They also allowed for career explanations and answers that the avatars could 

provide in understandable terminology for the age group the environment was designed for.  The 

team created interactive content for each of the jobs to include questions to use for the interaction 

between the participant and avatar, items that would be relevant to the job represented in the 

room setting, and “chatter” or hint statements or questions that the avatar will randomly state or 

ask while the participant is in each setting.  The content team members also provided career 

appropriate key words to the game developers.  When the player asks a question that matches 

one or a group of keywords, the bot will provide an appropriate answer.  Questions outside of the 

keywords will lead to a response requesting clarification from the player.  Questions are 

presented to the avatar by keying them into a field at the bottom of the game screen. 

 The interview engine also includes a feature that animates the avatars.  Upon the entry of 

a player into a specific environment, the avatar is seen moving about the room.  These 

movements are semi-random occurring between waypoints that are created by coding in Unity 

C# scripts.  The professionals, or avatars, also generate “chatter” while not engaged by the player.  

This means that the avatars make statements to draw the attention of the player.  Examples 

include humorous statements and providing guidance to the player, a characteristic important to 

encouraging learning in multimodal interactive environments (Moreno & Mayer, 1999). 
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Methodological Background 

Research Methods 

 Three types of research methods are most commonly used by researchers: qualitative, 

quantitative, and the mixed methods approach.  Lee (1992) explains that the “quantitative 

approach is objective and relies heavily on statistics and figures, while the qualitative approach is 

subjective and uses language and description” (p. 87).  Mixed methods research combines some 

aspects of both qualitative and quantitative methods.  Webb, Cambell, Schwartz, and Sechrest 

(as cited in Johnson, Onwuegbuzie, & Turner, 2007) expand that mixed methods triangulate the 

data allowing more accurate interpretation. 

Once a proposition has been confirmed by two or more independent measurement 

processes, the uncertainty of its interpretation is greatly reduced.  The most persuasive evidence 

comes through a triangulation of measurement processes (p. 114).  Based on the different 

methodologies that could be used in the study, a qualitative methods design using qualitative 

analysis would best fit the purpose of obtaining information to evaluate the level of sense of 

presence in the three-dimensional virtual learning environment of Careertown.  This study 

integrates qualitative analyses in one phase and will consist of individual semi-structured 

interviews. 

Research Setting and Participants  

 The study will take place at a public educational institution on the secondary level, 

consisting of 6-12 grade students in Texas.  Careertown will be made available to secondary 

level students at their educational institution and through a web link provided for home access.  

Requests for participation will be sent to public schools via an email correspondence directed to 

the district superintendent.  Once approval is granted and educators are identified wishing to 

participate, educators in science, math and technology-related courses will be given access to the 
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web link.  Instructions will be forwarded to the participating educators on proper downloading of 

the free software and any further instructions that may be deemed necessary.  Contact 

information for technical support will also be provided.  

Development of Research 

Testing the 3D virtual learning environment will take place over a one-week period.  The 

educators will introduce the students to Careertown and allow them to explore the virtual 

learning environment in class and/or outside of class.  Students will be required to go through 

each career in the 3D virtual learning environment and explore each career path.  At the end of 

the week interviews will be scheduled to assess the students’ sense of presence in Careertown.   

Semi-Structured Interview 

Semi-structured interviews will be conducted to gain insight into the user’s sense of 

presence while participating in a 3D virtual learning environment.  The semi-structured interview 

is a happy medium between the structured and unstructured formats.  Similar to the structured 

interview, the interviewer is expected to stick to the guidelines of the interview (Santiago, 2009).  

In this format, however, interviewers have some leeway to ask for clarification or prompt 

interviewees to elaborate on their responses (Santiago, 2009).  This setting is more relaxed and 

personable, allowing the interviewer to build rapport and trust with participants (Santiago, 2009).  

Semi-structured interviews are most commonly used in qualitative studies (Santiago, 2009). 

The individual semi-structured interview approach will allow the participants to 

contribute as much or as little detail as they would like.  This will also allow the interviewer the 

opportunity to ask probing questions for follow-up.  Audio recordings will be used to ensure 

accurate accounts of the participants’ answers.  
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Semi-structured interviews will be completed within a one-week period.  Participants will 

be provided a written consent to participate.  The purpose of the study will be explained to the 

participants and they will be reminded that their participation is voluntary.  Participants will also 

be informed the interviews will be recorded solely for the purpose of reporting data accuracy. 

Each participant will be advised when the recording will begin and they have the right to ask the 

recording to be stopped at any time.  Participants will also be informed they reserve the right to 

decline to answer any questions.  Each interview is designed to last between 15 and 30 minutes 

and will be held on the school campus of the participant at a designated time.  During the 

interview, the interviewer will take notes of the participants’ responses.  The recordings will be 

transcribed, coded via note cards and excel spreadsheets, and then analyzed for common themes 

among participant responses (Creswell, 2007).  After all qualitative data has been collected from 

the semi-structured interviews and analyzed, the research team will review the data to note 

commonalities and themes in the participant responses.  

Limitations and Conclusion 

Using public educational institutions will aid in validity as long as it is not limited to a 

single institution.  Further studies would need to be conducted to confirm reliability and validity 

with a larger population.  Results anticipated from the study to be achieved are students on the 

secondary level have a high sense of presence while interacting in a three-dimensional virtual 

environment while learning about STEM careers.  
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