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 Over the past decade, educators have explored 

the learning opportunities in online three-dimensional 

(3D) virtual worlds. Due in a large part to the advent of 

the popular virtual world Second Life, the 2007 edition 

of the Horizon Report predicted virtual worlds would 

have a prominent role in the technology used to support 

learning, (The New Media Consortium and EDU-

CAUSE Learning Initiative, 2007). In that same year, 

others made bold predictions that 80% of active Inter-

net users would participate in virtual worlds (Gartner, 

2007). A recent search for the term virtual world(s) 

within the text of articles indexed in the ERIC database 

returned 262 results since 1994 from peer reviewed 

academic journals, suggesting a high level of interest 

from researchers, as well. 
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 This paper summarizes a two year evaluation 

of the implementation of a team-based problem-

centered design challenge in which small groups of 

middle and high-school students worked collabora-

tively as engineers and scientists to solve authentic 

engineering problems in both classroom and virtual 

world settings. The challenge was designed, developed, 

and implemented by an aerospace research and educa-

tion institute. A stated objective of the challenge was to 

offer students the opportunity to engage in authentic 

problem-solving processes essential to careers in sci-

ence, technology, engineering, and math (STEM).  

 The implementation evaluation, conducted by 

independent evaluators neither affiliated with the aero-

space institute nor responsible for the design or imple-

mentation of the program, examined both the 2010-11 
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inaugural year of the engineering design challenge, as 

well as the subsequent 2011-12 implementation that 

incorporated the evaluators’ recommendations from 

the 2010-11 evaluation. Conducted in two phases that 

followed a standard academic calendar, Phase 1 of 

each challenge was implemented in the fall semester, 

while Phase 2 was conducted in the spring term. Phase 

1 offered teachers and students in both traditional 

classrooms and after-school programs a free inquiry-

based STEM education project in which students 

worked in teams to design and build a prototype solu-

tion to meet the design specifications of the challenge 

using a recommended eight-step design process. Stu-

dents were given the opportunity to extend their par-

ticipation in the challenge by submitting their design 

prototypes for possible selection to Phase 2 of the chal-

lenge that was set in an online virtual world based on 

t h e  A c t i v e W o r l d s  p l a t f o r m  ( h t t p : / /

www.activeworlds.com/). As part of a competitive 

selection process at the beginning of Phase 2, teams of 

students were chosen by college engineering students 

to continue their design development under the men-

torship and guidance of the college student as the 

team’s leader. At the end of Phase 2, finalist teams 

with the best designs were selected to present their 

projects in a design assessment process that determined 

the winning team for each challenge.  

 This paper begins by examining research con-

ducted to date on virtual worlds in education, as well 

as theory and research on both problem-centered and 

group-based instruction. This review of literature is 

followed by a summary of the implementation evalua-

tion, starting with a description of the evaluation meth-

ods employed and concluding with the analysis, dis-

cussion, and conclusions of the evaluation. 

 

Literature Review 

 

 A virtual learning environment is a multime-

dia online learning experience supported by virtual 

reality technologies that typically include the following 

features, (a) two or three-dimensional spatial represen-

tations, (b) multiple channels of audio, visual, and text-

based channels for synchronous interaction, and (c) 

user immersion into the virtual environment 

(Mikropoulos & Natsis, 2011; Selverian & Hwang, 

2003). Recent iterations of these virtual reality tech-

nologies, including the popular ActiveWorlds and Sec-

ond Life applications, place users in 3D online virtual 

worlds with self-representations, or avatars, that allow 

participants to move and interact with each other and 

the environment (Dickey, 2005; Hew & Cheung, 2010; 

Wang & Lockee, 2010). The following highlights the 

theory and research associated with the use of virtual 

worlds in education, as well as relevant theory and 

research in problem-centered and group-based instruc-

tion. 

 

Virtual Worlds in Education 

 Some suggest virtual worlds offer educators 

another option to support distance education (Wang & 

Lockee, 2010), including remote or simulation labora-

tories (Balamuralithara & Woods, 2009). However, 

many are not interested in merely replicating tradi-

tional classroom experiences, but also hope to improve 

the learning process by leveraging the media character-

istics, or affordances, of the newest technologies to 

foster immersive online learning environments (Choi 

& Baek, 2011; Dalgarno & Lee, 2010; Dickey, 2005). 

As technology has evolved, educators have explored 

the potential of virtual worlds for the development of 

realistic environments for practice, the creation of 3D 

educational artifacts, and immersion into a virtual 

space that would not otherwise be accessible (Salmon, 

2009). However, these same enhancements are a bar-

rier to some learners who do not have the needed high 

speed Internet or technology to support access 

(Kirriemuir, 2010; Twining, 2010). 

 Research reviews on the use of virtual worlds 

in education suggest a lack of empirical experimental 

research in favor of descriptive exploratory studies that 

have relied on qualitative data collection, such as par-

ticipant questionnaires, interviews, and observations, 

to examine how the virtual worlds were used (Hew & 

Cheung, 2010; Jarmon, Traphagan, Mayrath, & 

Trivedi, 2009; Wang & Lockee, 2010). In addition, 

research reviews suggest the majority of research has 

been conducted in a college setting where educators 

are using the virtual worlds as not only online commu-

nication spaces, but also as venues that facilitate simu-

lations of a 3D space allowing the perception of im-

mersion in the virtual environment through the user’s 

avatar, as well as experiential spaces that encourage 

users to learn by doing (Hew & Cheung, 2010). How-

ever, while it is compelling to consider the learner in-

teraction options afforded by the ever expanding roster 

http://www.activeworlds.com/
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of virtual reality technologies, research has long sug-

gested no significant difference in learning outcomes 

based on the media used to facilitate instruction 

(Bernard, Abrami, Yiping Lou, & Borokhovski, 2004; 

Clark, 1983, 1994, 2001). These findings are supported 

by a recent review of research that offered little con-

clusive evidence of specific learning benefits from the 

3D aspects of these virtual environments (Dalgarno & 

Lee, 2010).  

 

Problem-centered Instruction 

 Following a review of instructional design 

theories to identify common prescriptive principles, 

Merrill (2002) identified the use of a problem-centered 

approach as a first principle of instruction. Problem-

centered approaches are forwarded from both cognitive 

(Morrison & Lowther, 2010) and constructivist 

(Jonassen, 1999) perspectives, and are in contrast to 

topic-centered instruction in which task components 

are taught in isolation from a real-world problem. 

Problems represent the gap between a desired state and 

a current state, while problem solving is the process of 

bridging the gap that some argue is the only legitimate 

goal of education (Jonassen, 2011). Of the range of 

problem types, design problems often have no right or 

wrong answer (rather better or worse answers), and are 

considered to be of the most complex and ill-structured 

types to solve (Jonassen, 2000).  

 While reviews of problem-centered instruc-

tion offer various descriptions of methods, those de-

scribed as problem-based approaches tend to (a) focus 

learning in small student groups, (b) a tutor is present 

as a facilitator, (c) authentic problems are presented 

before study of the topic, (d) the to-be-learned knowl-

edge and skills are encountered within the problem, 

and (e) new information acquisition is self-directed 

(Gijbels, Dochy, Van den Bossche, & Segers, 2005) 

 Research findings on problem-based instruc-

tional methods are mixed with reviews of research 

suggesting limited or negative effects for recall of fac-

tual or conceptual knowledge, but significant positive 

effects on applications of skills and principles (Dochy, 

Segers, Van den Bossche, & Gijbels, 2003; Hattie, 

2009). However, meta-analyses of problem-based ap-

proaches also suggest the variation in effects between 

knowledge and skills acquisition are significantly in-

fluenced by the assessment methods, and that the better 

the assessment instrument evaluates the learners’ 

knowledge and skill application, the larger the positive 

effect of the problem-based approach (Dochy et al., 

2003; Gijbels et al., 2005). Supporting a foundational 

assumption of instructional design that the conditions 

of learning should match the learning outcomes and 

the form of assessment, Jonassen (2011) argues that 

adequate assessment of a learner’s ability to solve 

problems must extend beyond the learner’s ability to 

recall information on a test, and suggests a four-

pronged assessment approach that includes assessment 

of the learner’s (a) problem schemas, including classi-

fying the characteristics of the problem and the prob-

lem-solving process, (b) problem-solving performance, 

including the learner’s constructed response or product 

compared to a rubric of desired performance, (c) cog-

nitive skills required to solve the problem, including 

the learner’s evaluation of the causal relationships 

among problem elements, and (d) ability to construct 

arguments in support of their solution.  

 

Group-based Instruction 

 Two meta-analyses of small group, whole 

class, and individual learning strategies suggested that 

under certain conditions, instructional strategies in-

volving small groups (two to four students) resulted in 

a small, but significantly positive effect on individual 

achievement over either whole class (Lou, Abrami, & 

Spence, 2000) or individual learning approaches (Lou, 

Abrami, & d’ Apollonia, 2001). Compared to whole 

class instruction, the achievement effects of small 

group instruction were significantly larger for students 

of all ability levels when (a) teachers were trained in 

small group instruction (b) grouping was based on 

ability and group cohesiveness, and (c) cooperative 

learning (which promotes both interdependence and 

individual accountability within carefully designed 

activities) was used as the method of instruction (Lou 

et al., 2000). Similarly, when learning with computer 

technology, the effects of small group learning over 

individual learning with regard to individual achieve-

ment are significantly enhanced when (a) students had 

group work experience, (b) cooperative learning strate-

gies were employed, (c) group size was small (pairs of 

students), (d) the subject was in the social sciences 

(versus math, science, or language arts), and (e) stu-

dents were either low or high ability who appeared to 

benefit from receiving and giving support (Lou et al., 

2001). However, even when superior group products or 
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task outcomes were produced, no significant positive 

effects on individual achievement resulted when the 

group work (a) used no cooperative learning strategies, 

(b) groups were large, (c) group work used unstruc-

tured exploratory environments, or (d) the computer-

based programs provided students with elaborate feed-

back (Lou et al., 2001).  

 While many forms of group-based learning 

exist, cooperative learning refers to a instructional ap-

proach in which learners work together in small groups 

and may be assessed based on the group’s performance 

(Slavin, 1980). Studies conducted on cooperative 

learning suggests it is effective approach (Hattie, 2009) 

and often results in superior achievement gains com-

pared to traditional classroom conditions, particularly 

when group goals and individual accountability are 

included (Slavin, 1983, 1991). Importantly, research 

has found that cooperative group-based learning that 

does not include group rewards for individual learning 

is no more effective in terms of learner achievement 

than studying independently (Slavin, 1983). Overall, 

these finding suggested that when working in groups, 

not all students may learn equally well and group task 

performance was not positively related to individual 

learning achievement in large groups with no designed 

cooperative strategies (Lou et al., 2001) .  

 

Evaluation Purpose and Questions 
 

 As suggested by theory and research, while 

descriptive studies suggest instruction in virtual worlds 

encourages learning by doing, research has long sug-

gested no significant difference in learning achieve-

ment based on the media used to facilitate instruction 

(Clark, 1983, 1994, 2001). Further, the results of both 

problem-centered and group-based instruction suggest 

the strategies employed affect the learning outcomes. 

Therefore, the purpose of this implementation evalua-

tion was to provide decision makers with a description 

of what happened during the challenge, as well as an 

examination of the efficacy and efficiency of the chal-

lenge as a group-based and problem-centered experi-

ence. The evaluation attempted to answer the following 

questions. What were participation levels during the 

challenge implementations? Were sufficient resources 

and support offered to participants? What was the na-

ture of the participants’ experiences within the chal-

lenge? What was the efficiency and efficacy of the 

learner assessment processes?  

Method 
 

 This two-year evaluation examined the imple-

mentation of a small-group problem-centered design 

challenge that was designed, developed, and imple-

mented by an aerospace research and education insti-

tute for teams of middle and high-school student com-

petitors participating in both face-to-face and virtual 

world settings. Independent evaluators, whose experi-

ence centered on advanced and online learning envi-

ronments for education and training, conducted the 

evaluation. The evaluation examined two complete 

implementations of the challenge occurring between 

September 2010 and April 2012 and included an expert 

review of instructional materials, participant perception 

surveys and interviews, direct observation, and a re-

view of challenge outcome and activity data. The fol-

lowing describes the participant characteristics, the 

evaluation design, and the document collection and 

analysis procedures used in this evaluation. 

 

Participant Characteristics 

 During Phase 1 of the 2010-11 implementa-

tion, 693 people registered on the challenge website. 

Registrant groups included college students (n = 94), 

college professors (n = 8), high-school teachers (n = 

123), high-school students (n = 378), and others (n = 

90). By the end of Phase 1 of the 2010-11 design chal-

lenge, teams of four to five high-school students pre-

pared 24 team-based submissions of potential solutions 

to an authentic engineering design problem under the 

guidance of their middle and high-school teachers or 

after-school coaches. During the 2011-12 implementa-

tion, the challenge also included middle-school student 

competitors and participation increased to over 57 

teams submitting their proposed solutions in Phase 1. 

During each of the implementations, of the potential 

solutions submitted from teams in Phase 1, only 20 

teams were selected to progress to Phase 2 of the chal-

lenge that was held in the virtual world. In Phase 2 of 

the design challenge, the student teams were no longer 

guided by their teachers or coaches, but were instead 

supported virtually by (a) challenge facilitators em-

ployed by the aerospace institute, (b) 20 college stu-

dent team leaders who volunteered to mentor one team 

of four or five students, (c) 15 challenge assessors, 

including college engineering students and professors 

who volunteered to assess the work of the teams, and 

(d) five college student technology specialists who 

were paid to provide technology support to the teams. 
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Evaluation Design  

 The implementation evaluation was an itera-

tive process of information gathering, sharing, analy-

sis, and reporting, along with continuous discussion 

between the evaluation team and challenge implemen-

ters about what worked well and areas requiring revi-

sion. The reviewers evaluated the degree to which the 

instructional presentation, learner practice opportuni-

ties in the problem-centered scenario, and embedded 

guidance and support would affect student outcomes. 

In addition, the evaluators considered the overall effi-

ciency of the instruction’s implementation, including 

the ease with which participants were able to interact 

within the instructional environment.  

 

Data Collection and Analysis 

 The evaluation began with an expert review 

of the instructional materials prior to the 2010-11 chal-

lenge implementation. The challenge evaluations were 

also based on surveys and interviews with participants, 

as well as the evaluation team’s observations and 

document reviews from the challenge, including the 

design assessments of each competing team.  

 Expert review of materials. For the expert re-

view, the evaluation team reviewed the instructional 

materials and resources embedded and linked from the 

challenge website. The virtual world was under devel-

opment at the time of this pre-implementation review 

and was not included in the expert review of materials. 

The reviewers’ evaluation focused on the instructional 

merits (effectiveness and efficiency) of the instruction, 

as well as the usability of the instructional materials 

presented to participants. In evaluating the instruc-

tional merits of the instruction, the reviewers consid-

ered the degree to which the instructional presentation, 

learner practice opportunities, and embedded guidance 

(or feedback) may influence student learning. In addi-

tion, the evaluators considered the overall efficiency 

associated with the instruction’s implementation. With 

regard to usability, the evaluators considered the ease 

with which participants would be able to interact with 

the instructional environment, including issues of ac-

cessibility and user instructions and support.  

 Surveys and interviews. The purpose of the 

interviews and surveys was to capture participant per-

ceptions of the challenge. At the conclusion of Phase 1 

of each implementation, each school teacher or coach 

who participated during Phase 1 received a link to an 

online perception survey. A primary aim of this survey 

of the teachers and coaches was to understand the 

teachers’ motivations to participate. In addition, all 

college student team leaders and student competitors 

were asked to complete an online perception survey at 

the conclusion of Phase 2 in each challenge implemen-

tation. All surveys were developed by the evaluation 

team with input from the challenge facilitator and fo-

cused on the participants’ perceptions of the challenge. 

At the conclusion of the 2010-11 challenge implemen-

tation, interviews were conducted with three challenge 

evaluators who performed team assessments. In addi-

tion, frequent informal conversations were held with 

the challenge facilitator throughout both implementa-

tions of the challenge. 

Observation and document review. The 

evaluators had access to both the challenge website and 

the virtual world. They observed the challenge imple-

mentation from the initial orientation sessions prior to 

the 2010-11 implementation through the final team 

presentations at the conclusion of the 2011-12 imple-

mentation. Observation and document reviews pro-

vided information about overall participation and the 

teams’ outcome assessments. In addition, the evalua-

tors reviewed correspondence between the challenge 

facilitator and the teams, including documents related 

to both challenge facilitation and team assessment. The 

challenge facilitator provided the evaluation team with 

documents related to the assessments, including the 

scores assigned to the challenge designs and summary 

comments from the challenge assessors. 

  

Challenge Materials 

As problem-centered instruction, the design 

challenge required the students to solve realistic sci-

ence and engineering problems that were tied to na-

tional standards and focused on the students’ STEM 

skills and knowledge. The instructional content pro-

vided teachers and students with a short list of prior 

knowledge expectations, as well as a roster of stan-

dards addressed in the challenge based on the National 

Science Education Standards, and those of the National 

Council of Teachers of Mathematics, the International 

Society for Technology in Education, and the Interna-

tional Technology Education Association. Educators 

with the motivation to engage their students in the de-

sign challenge had a wealth of resources at their dis-

posal from the challenge website. Once registered on 
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the website, educators and students received recom-

mended strategies to approach a design challenge, as 

well as a host of documents, diagrams, and videos as-

sociated with the design problem. Original content on 

the website focused on the nature and structure of the 

problems underlying the design challenge and the rec-

ommended steps to solve those problems in the design 

process. However, the problem-centered challenge also 

required participants to seek out and access subject-

matter resource materials as needed by the participants 

while proceeding through the steps of the design chal-

lenge. Through a variety of online tools, including the 

virtual world, the students tackled the real-world de-

sign scenarios using a range of technologies to support 

their learning. Given the requirement to access and 

engage in the instruction from the challenge website 

and virtual world, all participants needed both com-

puter and Internet access, as well as experience using 

these tools. Therefore, in order to complete the chal-

lenge, participants needed to retrieve, review, and ap-

propriately incorporate these crucial resources.  

 

Findings 
 

 From an analysis of the data collected, the 

following describes the two challenge implementa-

tions. This description includes the participation levels, 

the resources and support adequacy, the participant 

experiences, and the learner assessment processes. 

 

Participation Levels 

  For the 2010-11 implementation, only 24-

teams completed Phase 1, below  the desired  60 to 70 

teams. In addition, one Phase 1 coach worked with 32 

teams as part of an online after-school program. This 

coach had 14 teams complete Phase 1 and all were 

selected for Phase 2. Therefore, only 10 of the teams 

that completed Phase 1 advanced registration were not 

part of this online after-school program. As such, the 

majority of teachers and coaches who registered on the 

challenge website were considered tourists who arrived 

at the website to seek information about the challenge 

and to download available free resources, but who did 

not actively participate in the challenge as designed. In 

contrast, during the 2011-12 implementation, over 110 

teams registered for Phase 1 with 57 teams submitting 

their work for consideration in Phase 2. 

 

 

Resources and Support Adequacy 

 Website content. Within the post-challenge 

surveys, 13 teachers and coaches responded in 2010-11 

and 12 responded in 2011-12.  Teachers and coaches 

noted the value in the provided content, including the 

video clips of engineers and information about the de-

sign process. Several teachers and coaches added writ-

ten comments to the surveys indicating that they were 

able to integrate the project into curriculum and that 

the challenge aligned to course objectives and stan-

dards. Overall, the structure of the challenge offered 

teachers and coaches a high degree of flexibility to 

incorporate the design challenge into both classroom 

and after-school settings, while offering outreach and 

professional development to educators. 

 Student competitor support. Student challenge 

competitors participated in Phase 1 of the challenge 

under the direction of an adult educator (either their 

classroom teacher or another adult coach). In Phase 2, 

college-level participants were recruited to fulfill the 

roles of team leaders, challenge assessors, and technol-

ogy specialists. In both the 2010-11 and 2011-12 post-

challenge surveys, over 90% of the student competitors 

viewed the team leaders as responsive and supportive. 

In addition, when asked to consider the effectiveness 

of the college team leaders in the challenge to guide 

the student competitors, one challenge assessor noted 

that while it was unlikely that any team leader (or chal-

lenge assessor, for that matter) would be an expert in 

the design specifications for the challenge problem, it 

could be expected that a college-level engineering stu-

dent would have the necessary research skills to seek 

out and find the relevant background subject matter. 

Ultimately, the challenge assessor saw the team leader 

role as mobilizing, scheduling, making themselves 

available, and helping the student competitors properly 

create their virtual world spaces during Phase 2. 

 Challenge facilitation. In conversations with 

the evaluation team, the challenge facilitator noted that 

participants needed information regarding both the 

subject matter of the design problems and the admini-

stration of the challenge, as well as gentle prodding 

and support once the challenge was under way. While 

the teachers, coaches, and team leaders had the primary 

roles of mentoring the student competitors through 

either Phase 1 or Phase 2 of the challenge, the chal-

lenge facilitator acted as the overall challenge imple-

menter during each phase. The challenge facilitator 
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oversaw the teams’ progress, offered mentoring sug-

gestions, coordinated with the challenge assessors, 

facilitated guest speaker presentations, and connected 

teams to technology specialists. In addition, the chal-

lenge utilized a range of new technologies to connect 

geographically dispersed groups of participants. As 

such, the challenge facilitation required considerable 

forethought in terms of participant needs and required 

support.  

 The challenge facilitator also noted the need 

to be “hands on” during the Phase 2 portion of the 

challenge in order to coordinate the roles of the team 

leaders, challenge assessors, and technology special-

ists. Based on observations of the evaluation team, the 

facilitator role was crucial to the overall success of the 

challenge. As noted by one of the professors involved 

in the challenge assessment, those involved in the chal-

lenge facilitation did a “killer job” in development and 

implementation.  

Technology support. The five paid college 

technology specialists were each assigned to four 

teams during Phase 2 of each challenge. In terms of 

training, not all technology specialists agreed within 

the survey that training for this position prepared them 

for the tasks they performed. One noted, “We all 

seemed lost … we didn’t really know what we should 

be doing.” In other written comments, the specialists 

indicated that they learned as they went and that the 

“training process never really stopped.” One suggested 

spending time looking at the problems the students and 

technology had during this challenge and focusing fu-

ture training on those types of problems.  

 In addition, survey responses from the tech-

nology specialists suggested that each team used their 

services used differently. While one specialist reported 

all that was required of a specialist was “familiarity 

with tech, free time, and a background with virtual 

worlds”, all specialists felt that handling more than five 

or six teams would diminish the quality of service pro-

vided. Most noted the best part of working with the 

design teams was seeing the realization of the competi-

tors’ hard work. Yet, the specialists noted that a chal-

lenge for supporting the teams was the need to clarify 

periodically the specialist’s limited role with the team 

(for example, to clarify that specialists were unable to 

help with the design itself). In addition, several noted 

they spent a lot of time explaining the use of modeling 

software and various modeling terms to the competi-

tors. One specialist suggested streamlining the model 

building process by offering or suggesting a set of 

tools that are easy to use and have the required capa-

bilities for the challenge. 

Participant Experiences 

Teachers and coaches. A primary purpose of 

the teachers and coaches survey was to understand why 

more teachers did not progress further within the chal-

lenge. However, only 12  of the 123 teachers and 

coaches who registered on the website completed at 

least part of the 2010-11 survey. Not surprisingly, only 

six of registrants who did not complete Phase 1 com-

pleted the survey. Of those, four responded that they 

utilized the website materials with students, but did not 

complete Phase 1 challenge requirements, while the 

other two did not use the materials with students. Of 

those who did not complete advanced registration, 

80% responded that lack of time to devote to the pro-

ject and lack of student interest were contributing fac-

tors, while 60% felt unclear of their role in the chal-

lenge.  

 In both the 2010-11 and 2011-12 surveys, all 

teachers and coaches who completed the survey agreed 

that the instructional goals and objectives of the chal-

lenge were clearly stated, and agreed that they would 

recommend the challenge to other teachers. While half 

of the 2010-11 respondents felt more incentives were 

needed to proceed to Phase 2, only one respondent in 

the 2011-12 survey felt more incentives were needed. 

In both the 2010-11 and 2011-12 surveys, approxi-

mately half of the respondents felt that no changes 

were needed in terms of support, while the others 

wanted more guidance on how to run Phase 1 and saw 

a need for additional instructions on the website, tutori-

als or webinars on how to implement the challenge, 

and questions and answer sessions.  

 While nearly 90% of responding teachers and 

coaches in the 2010-11 survey saw value in the pro-

vided content, such as video clips of engineers or in-

formation about the design process, only 25% of re-

spondents to the 2011-12 survey listed this content as 

one of the best components of the challenge. The dif-

ference could suggest teachers repeating their partici-

pation in the challenge relied less on the provided sub-

ject matter content. However, in written comments, 

one respondent to the 2010-11 survey noted a problem 

accessing the videos due to system IT lockout at the 

school. In addition, most survey respondents saw bene-

fit in the opportunity for students to work with college 
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engineering students and engineering professionals, as 

well as the opportunity to participate with teams in a 

virtual environment with other students. Several added 

written comments to the perception surveys indicating 

that they were able to integrate the project into curricu-

lum and that the challenge aligned to course objectives 

and standards. 

College student team leaders. Of the 16 col-

lege team leaders who responded to the 2010-11 

end of challenge survey, 80% agreed that they en-

joyed working on the challenge. Written comments 

within this survey of the college student team leaders 

suggested that virtual team coordination, communica-

tion, and technical difficulties caused delays for the 

teams. However, within the 2011-12 end of challenge 

survey, only five college team leaders responded, but 

all agreed that they enjoyed working on the challenge, 

suggesting implementation improvements in support of 

the team leaders. Approximately half of the college 

student team leaders in both the 2010-11and 2011-12 

surveys agreed that the team leader role and responsi-

bilities were well defined within the challenge, while 

over 90% of the team leaders in both surveys agreed 

that their students learned a lot by participating in the 

challenge.  

Regarding team communication, nearly all of 

the team leaders who responded to the 2010-11 and 

2011-12 surveys reported communicating with the 

teams using email. Other commonly used communica-

tion tools were Google Docs and Skype. Further, email 

and Skype were frequently identified in the comments 

as the communication tools that the teams preferred to 

use. As a sign of the changing times, less than half of 

the teams in both years reported using phone voice 

calls.  

 Student competitors. In both the 2010-11 and 

2011-12 post-challenge surveys of the student com-

petitors, every respondent agreed that he or she en-

joyed working on the challenge, except one student 

who expressed frustration working with the team’s 

leader. In addition, surveys, interviews, and observa-

tions suggested a high level of participant engagement 

by most competitors during both challenge implemen-

tations. In the student competitors’ post-challenge sur-

veys, students noted that the challenge required crea-

tivity and challenged their ability to think critically and 

to adhere to deadlines. Student competitors listed inter-

acting with others interested in engineering, guest 

speakers, applying engineering design principles to 

complete a project, gaining experience with 3D model-

ing, learning about virtual worlds, and learning about 

efficient collaboration as the most rewarding aspects of 

the participating in the challenge. Most student com-

petitors agreed that they learned about working in a 

virtual environment, communicating through online 

tools, and the engineering design process by participat-

ing in the challenge.  

Between both the 2010-2011 and the 2011-

2012 post-challenge surveys, all but a few student re-

spondents agreed that the challenge staff was respon-

sive and supported the team’s work, and written com-

ments noted that support from the technology special-

ists and the challenge facilitator were especially help-

ful. Similarly, most student competitors agreed that the 

team leader was responsive and supportive and they 

learned a lot in the challenge, including how to work 

on a team. In questions about collaborating in the vir-

tual space, several student competitors commented that 

they liked using the virtual world to build and create 

within their own spaces and that working in the virtual 

world offered them the chance to meet different people 

from across the country.  

 In terms of the least-liked aspects of the chal-

lenge, technical difficulties and virtual team communi-

cation and collaboration were mentioned. Further, re-

spondents from the first implementation wrote of limi-

tations associated with the creation, movement, orien-

tation, and rendering of objects within the virtual 

world, while some commented that working in the vir-

tual space “was glitchy”, “resource intensive”, and 

“extremely challenging”. While most agreed that the 

technology was responsive and supported the team’s 

work and that the team received the help and support 

needed to complete the challenge, other student com-

petitors were either neutral or dissatisfied with the help 

and support received. A review of the written com-

ments suggested a desire for additional support regard-

ing both the use of modeling programs and how to 

import and display the developed models within the 

virtual world.  

 Challenge assessors. Feedback from the chal-

lenge assessors during their interviews was generally 

positive about the challenge and the challenge asses-

sor’s role and responsibilities. Overall, they felt those 

involved in the challenge did a good job in developing 

and facilitating the challenge. Yet, each offered con-
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structive suggestions for the future, primarily geared 

toward guiding and supporting the challenge assessors, 

clarifying the team member expectations and objec-

tives, and structuring the final synchronous presenta-

tions for team assessment. Suggestions included bring-

ing the challenge assessors into the project earlier in 

the challenge. One recommended that the challenge 

assessors should view the teams’ work products early 

in the timeline, which would offer greater consistency 

across the challenge. In addition, periodic conference 

calls among challenge assessors were suggested as a 

means to raise and answer important and frequently-

asked questions. 

 

Learner Assessments  

 During Phase 1 of the challenge, no formal 

assessment occurred and the team competitors did not 

receive formal feedback from challenge facilitators. 

Instead, only the teams selected to progress to Phase 2 

received the college team leader’s informal assessment 

of the design artifacts submitted by the teams at the 

end of Phase 1. All learner assessment in Phase 2 of 

the challenge was team based. The primary team as-

sessments that occurred during Phase 2 portion of the 

challenge included both a first review (mini-

assessment) and a final review of the project. The pur-

pose of the first review (mini-assessment) of the teams 

was to give informal feedback to participants regarding 

each team’s progress in the challenge based on a three-

tiered rating scale (well developed, developed, or not 

developed). The ratings were based on the extent to 

which the team space was formalized and personalized, 

the extent to which aspects of the problem were ad-

dressed, how thoroughly the documentation was pre-

sented, how clearly the documentation supported the 

proposed solution, and the overall navigation and or-

ganization of the space. The challenge facilitator noted 

that this first review served as a wake-up call that of-

fered the teams advice on what areas were in need of 

development and a reminder of the specific assessment 

criteria in the challenge rubric. 

 The purpose of the final assessment of the 

teams was to select the top five finalists and to select 

the winner of the challenge based on the finalists’ pres-

entations within synchronous sessions held in the vir-

tual world at the end of the challenge. While only a 

few points separated the top finalists, the challenge 

assessors’ comments suggest a difference in both the 

amount and quality of work displayed between the low 

scoring teams (“very little teamwork evidence”, 

“knowledge space is lacking in content”, “vague de-

scriptions”, and “I didn’t have much to go on”) and the 

high scoring teams (“team space was very thorough”, 

“high level of detail”, “organized”, “very nicely 

thought out and presented”, “Your team engaged in the 

design process, and “I am thoroughly impressed”). 

Given that the team’s performance was based on their 

presentation, the challenge assessors noted in the post-

challenge interviews that they found it difficult to as-

sess some team’s efforts due to the lack of a well-

developed and sufficiently descriptive virtual world 

team space. One challenge assessor suggested that in 

future implementations the students should develop 

their virtual world team space as a museum that docu-

ments both the process and outcome of each team’s 

design effort. However, the challenge assessors reiter-

ated the feedback of the technology specialists, team 

leaders, and student competitors that the students 

needed a certain level of skill and knowledge both in 

manipulating the virtual environment and in modeling. 

One challenge assessor noted that gaining those skills 

during the challenge was likely a large cost to the 

teams, one that may have influenced team performance 

in the challenge. 

 During the synchronous presentation sessions 

at the end of Phase 2, the challenge assessors scored 

each team’s (a) introduction, presence, and tour, (b) 

knowledge space, and (c) virtual models. Scores were 

based on an assessment rubric that focused on each 

team’s ability to explain the designs and design proc-

ess, as well as the accuracy of the 3D representations 

of their proposed solution. Compiled feedback from 

the challenge assessors suggested an assessment em-

phasis on the relative strength of the team’s live pres-

entation (such as delivery and timing), development of 

the team space (such as too much or too little detail), 

aspects of the models (such as uniqueness, develop-

ment, and level of detail), and level of elaboration on 

the thought process that went into solutions. While the 

assessment rubric contemplated the accuracy of the 

proposed design solution, this aspect of the assessment 

accounted for less than 20% of the possible points. 

Further, little written commentary was provided by 

challenge assessors regarding design accuracy. 

 When asked to consider the overall perform-

ance and learning outcomes of students in the in the 

challenge, one challenge assessor noted during his in-
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terview that, given the nature of the challenge and the 

assessment parameters, the assessment centered on the 

quality of each team’s design process and design pres-

entation versus the quality and accuracy of the design 

itself, or the individual student’s contribution or level 

of understanding. Another challenge assessor noted 

room for more "rigorous criticism for the students" 

while another suggested potential value in some form 

of standardized assessment. Another suggested giving 

teams the opportunity for peer assessment, in which 

students were able to analyze the work of other teams. 

In general, the challenge assessors found it effective to 

have at least three challenge assessors per team and 

they felt their comments during the first review assess-

ment lead to team improvement. 

 

Discussion 
 

 Results of this evaluation suggest the chal-

lenge offered student teams a unique opportunity to 

engage in authentic science and engineering problems 

with the support of college-level and professional ex-

perts. However, results also suggest recommendations 

to improve future implementations. The following 

summarizes the key strengths of the challenge, as well 

as the evaluation team’s recommendations to enhance 

the effectiveness and efficiency of the design chal-

lenge. 

 

Strengths 

 Authentic design challenge. A key strength of 

the challenge was the authentic science and engineer-

ing design problems. As noted during the expert re-

view, the challenge was tied to national standards and 

focused on the students’ skills and knowledge in sci-

ence, technology, engineering, and math. Several 

teachers and coaches added written comments to their 

surveys indicating that they were able to integrate the 

project into curriculum and that the challenge aligned 

to course objectives and standards. Through a variety 

of online tools and virtual spaces, the students tackled 

real-world design scenarios using a range of new tech-

nologies to support their learning. Surveys, interviews, 

and observations suggested a high level of participant 

engagement by most student competitors. 

 Student competitors noted that the challenge 

required creativity and challenged their ability to think 

critically and to adhere to deadlines. Further, student 

competitors listed interacting with others interested in 

engineering, the guest speakers, applying engineering 

design principles to complete a project, experience 

with 3D modeling, learning about virtual worlds, and 

learning about efficient collaboration as the most re-

warding aspects of the challenge. Overall, the structure 

of the challenge offered teachers and coaches a high 

degree of flexibility to incorporate the design challenge 

into both classroom and after-school settings while 

offering outreach and professional development to 

educators. 

 Access to science and engineering resources. 

Educators with the motivation to engage their students 

in the design challenge had a wealth of resources at 

their disposal. Once registered on the website, educa-

tors and students received recommended strategies to 

approach a design challenge, as well as a host of pro-

fessionally produced documents, diagrams, and videos 

associated with the design problem. Within the sur-

veys, teachers and coaches noted the value in the con-

tent, including the video clips of engineers and infor-

mation about the design process. 

 College recruitment. A sufficient number of 

college-level participants were recruited to fulfill the 

roles of team leaders, challenge assessors, and technol-

ogy specialists. Through word of mouth and by target-

ing engineering departments, recruitment of support 

roles was adequate for current participation levels. As 

noted in the surveys, the student competitors viewed 

the team leaders as responsive and supportive. 

 

Recommendations 

 Preparing for growth. Both recruitment and 

support for teams are important future growth consid-

erations. During the first challenge implementation, the 

recruitment of competing teams was lower than hoped 

(and lower in particular with teachers or coaches in a 

traditional school setting) with less than 10% of regis-

tered teachers completing Phase 1. A re-examination of 

recruitment strategies was recommended, particularly 

if a goal of the challenge was to support teachers and 

students in traditional classrooms. Recommendations 

included not only outreach to traditional and online 

high schools, but also additional support to teachers 

and coaches, including added clarity regarding role 

definitions and challenge timelines, guidance on team 

building, and the inclusion of Phase 1 assessment ac-

tivities to incentivize the teachers and teams to commit 

to the challenge. In addition, as seen by the strong par-
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ticipation of after-school online teams, intact groups 

that are looking for project-based activities for their 

members should be targeted.  

 The importance of the challenge facilitator 

role cannot be understated in terms of both implemen-

tation success and growth of the challenge. It was rec-

ommended that the challenge facilitation role be for-

malized and defined. A facilitation playbook should be 

developed for future challenges that address relevant 

implementation topics, such as communication, sup-

port, and mentorship to challenge competitors.  

 In addition, the challenge implementers must 

more closely examine the scalability of all support 

roles. How many teams can be supported within the 

challenge as it is currently designed? How many stu-

dents can each team leader mentor? How many teams 

can each technology member support? Future chal-

lenge planning must answer these important questions 

as they directly affect the efficacy and effectiveness of 

the challenge. 

 Support for support staff. Additional support 

was recommended for those who support the student 

competitors. As found during observation, surveys, and 

interviews, the teams often stumbled over similar haz-

ards (often in issues related to communication and 

technology) and technology specialists fielded similar 

questions across teams. Not all of the team leaders 

responding to the surveys agreed that the team leader 

role and responsibility was well defined within the 

challenge. Similarly, not all technology specialists 

agreed that training for the position prepared them for 

the tasks they performed and most learned as they per-

formed their jobs. Recommendations included the 

creation of guides and frequently asked question 

(FAQ) responses developed by prior team leaders, 

challenge assessors, and technology specialists to assist 

those in the future by addressing commonly occurring 

situations or problems. Periodic live meetings among 

support roles would also offer the opportunity to share 

and compare ideas and to ask questions. Further, the 

inclusion of live orientation for the challenge assessors 

(as was done for team leaders) early in the timeline 

would add consistency in the assessment process. 

 In addition, college students provided much 

of the mentorship, assessment, and support needs to 

challenge competitor. An advisory committee that in-

cludes faculty in engineering and science at a college 

or research center would provide additional guidance 

to mentors, especially in grading and assessing de-

signs. Further, support for team leaders regarding the 

technical aspects of the designs could be added as part 

of the professional guest speaker sessions. 

 Assessment. While the assessment process 

effectively and efficiently served the purpose of com-

paring teams for the selection of both finalists and the 

winning team in the challenge, all assessment was 

team-based without a focus on the individual student’s 

skill and knowledge development. In addition, no for-

mal assessment occurred during Phase 1 of the chal-

lenge beyond the selection of Phase 2 by the team lead-

ers. Further, the assessment placed a far greater empha-

sis on the design process and presentation choices of 

the students than the accuracy or viability of the engi-

neering design, which may explain why one challenge 

assessor felt there was room for more rigorous criti-

cism and why few student competitors ranked the level 

of difficulty of the challenge as high. Given that the 

assessment focused heavily on the team’s ability to 

display their skills and knowledge (which was based 

on how well the team used the modeling software and 

manipulated the virtual world), it was difficult to deter-

mine whether the low scoring teams did not have the 

ability to develop accurate designs or if they merely 

had difficulty in displaying their designs due to prob-

lems manipulating the modeling software and their 

virtual world space. Recommendations included (a) 

incorporating individual assessment, possibly in the 

form of team leader and / or peer review, (b) adding a 

formal assessment during the Phase 1 of the challenge, 

(c) offering an orientation regarding the use of model-

ing programs and how to import and display the devel-

oped models into the virtual world, (d) refining the 

Phase 2 assessment rubric to emphasize the quality of 

the design as much as the quality of the design presen-

tation, and (e) amending the format of the final syn-

chronous presentation sessions to assess the teams 

separately over a longer period 

 Collaboration and technology considerations. 

Within the participant surveys, several respondents 

noted frustration over the difficulty in day-to-day col-

laboration and communication within the virtual teams. 

In addition, teams noted technical difficulties, includ-

ing the creation and display of their models, which was 

a central requirement of the challenge. Particularly 

during the first implementation, teams relied heavily 

on communication tools outside of the provided virtual 
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space, including email and Skype. In addition, teams 

sought out a variety of free or freely available model-

ing tools that may or may not have offered the greatest 

effectiveness and ease-of-use both outside and inside 

the virtual world. While offering the teams the flexibil-

ity and freedom to choose the tools that work for the 

team was important, it was recommended that team 

collaboration and technology considerations be ad-

dressed with team leaders at the start of the challenge, 

including suggestions for tools to support communica-

tion and modeling that offer the required capabilities 

for the challenge. The creation of a team leader guide 

and FAQ would also help to document what works and 

potential pitfalls. In addition, a mid-challenge team 

member assessment of the team leader and other team 

members helped to identify teams encountering col-

laboration problems. 

 

Conclusion 
 

As suggested by theory and research, while descriptive 

studies suggest instruction in virtual worlds offers an 

immersive online learning environment that fosters 

interaction and collaboration, research has long sug-

gested no significant difference in learning achieve-

ment based on the media used to facilitate instruction. 

Instead, the results of both problem-centered and group

-based instruction suggest the strategies employed af-

fect learning outcomes. Therefore, the purpose of this 

implementation evaluation was to provide decision 

makers with a description of what happened during the 

implementations of this problem-centered challenge set 

in a 3D virtual world, as well as an examination of the 

efficacy and efficiency of the challenge as a group-

based experience. Overall, the evaluation team found 

the strengths of the challenge included (a) the use of an 

authentic science and engineering design problem, (b) 

access to science and engineering resources and pro-

fessionals, (c) effective challenge facilitation, and (d) 

successful recruitment of team mentors. Recommenda-

tions centered on (a) needed adjustments to both 

achieve and prepare for growth in team participation, 

(b) expanded support for team mentors and technical 

support, (c) refined assessment , including both indi-

vidual and team-based assessment approaches, and (d) 

collaboration and other technology enhancements.  
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